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1 Prerequisites
The tutorial presents a simple case study with the purpose of demonstrating functionality in AquaSim.

It is assumed that the user is familiar with the basic principles of modelling and specifying material
parameters in AquaEdit, as well as conducting analyses. If you are looking for an introduction to AquaSim
we advise you to start with the Basic program tutorials.

2 Learning objectives
Upon completion of this tutorial, you will have knowledge in:

- How to model wind turbines in AquaSim
- Basic concepts for wind turbines
- How to run a dynamic analysis with a wind turbine

3 Introduction

This tutorial proposes a modelling- and analysis culture for wind turbines in AquaSim, where only the
turbine is created first for validation of input parameters, then to implement this to a full coupled model, and
the conduct analyses.

Wind power is one of the world’s fastest growing energy sources, according to Statkraft. This is an energy
source that has grown in popularity the recent years. Wind turbines are one method of exploiting the energy
that wind provides. Simply put, a wind turbine system consists of three main components:

- Blades
- Generator
- Tower

Blade

Generator

Tower

Figure 1
Page 3 of 26



aquasim

aquastructures

4 Case study — Pre-made turbine

41 Pre-processing (AquaEdit)

To establish a turbine, an automatic generator may be utilized in AquaEdit. To do so, you need to generate it
on an existing element from the 3D window. Therefore, start with generating what we call the Tower. This is
a vertical element, a vertical element and be can e.g. a beam component. The Tower supports the turbine
structure and is component connecting the turbine with the foundation.

B Turbine.amodel - Aquatdit 21

Help
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Figure 2

The beam has a diameter of 6.0 meters and is generated from the Data source type Tube in the Edit beam
window. The beam is 120 meter in height and is modelled from z=0m.

Since we in this section only are interested in basics of the turbine input, the two nodes representing the
beam is restrained in all degrees of freedom.

B4 Turbine.amodel - Aquakd 219.0-3236 - o x
Fie it Commands Tecls Windows Help
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Figure 3
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Click on the beam element in the 3D window and select Elements > Other > Create turbine element.

Elernents > Properties

Components > Hinge >
Winch >
Linebreak >
Vahve >
Point3 >

Other > Create Catenary slope

Flip selected elements

Create turbine on element

| Define this element as a turbine nave

Figure 4

The interface of the built-in Generate turbine-tool will be loaded.

Bad Generate turbine *

Turbine information:

Mumber of blades <= Torgue resistance (0.0 Blade 1 pitch (0.0
Quidkstart velocity (0.0 Blade 2 pitch (0.0

System Yaw (deg): |0.0 Wind velodty indicator | Wind distribution » | Blade 3 pitch (0.0

Advanced Controller | AquaSim Quick Design “| (@) Node A () Mode B
Blade sections:
Segment length {m) Prebend {m) Twist (deg) Library
Load from library Save to library Add row Delete rows Preview Generate

Figure 5

In this window, there is currently no turbine generated. This is seen as the Blade sections-area is empty.
Turbines can be introduced manually or imported from a file. Once a ‘new’ turbine is built, this can be
exported to the AquaSim library. In this way, generating will be a one-time-event.

To import an existing turbine, click on Load from library in the lower left corner of the window. In the file
catalogue Library > turbine should be opened as seen in the figure below.
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Look in: turbine
o
=
—
Siste elementer

File name: WINDMOOR 12MW, xml

Skrivebord Files of type:  |ymL file

Cancel

Figure 6
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The turbine-folder contain the WINDMOOR12MW.xml turbine, which is included as an example when
installing AquaSim. Select Open to load the file into AquaEdit. Then data will be loaded to the Generate

turbine-tool, as shown below.

Ba Generate turbine *
Turbine information:
Mumber of blades |3 = Torque resistance | 1.0E7 Blade 1 pitch 0.0
Quickstart velodty | 7.0 Blade 2 pitch 0.0
System Yaw (deg): 0.0 wind velodty indicator | Mominal constant wind « | Blade 3 pitch 0.0
Advanced Controller | AquaSim Quick Design ~| (@ MNode A (C)ModeB
Blade sections:
Segment length {m) Prebend (m) Twist (dea) Library
4.11 0.01 -14.4 |WINDMOOR 12MW fSegment1 ~
212 0.01 -14.0 WINDMOOR 12MW fSegment2
2.12 -0.01 -13.6 [WINDMOOR 12MW fSeament3
5.29 -0.02 -13.1 [WINDMOOR 12MW fSeament4
5.29 -0.02 -12.0 [WINDMOOR 12MW fSeament5
5.29 0.04 -8.8 [WINDMOOR 12MW [Segments
5.3 0.07 -7.4 |WINDMOOR 12MW fSegment7
7.95 0.12 -5.5 |WINDMOOR 12MW fSegments
7.95 0.12 -4, 2 |WINDMOOR 12MW fSegmentd
7.95 0.15 -3.1 |WINDMOOR 12MW fSegment 10
7.95 0.2 -1.9 |WINDMOOR 12MW fSegment11
7.95 0.29 -0.5 WINDMOOR 12MW fSegment12
7.94 0.43 0.8 [WINDMOOR 12MW ([Segment 13
7.93 0.64 1.9 WINDMOOR 12MW [Segment 14
7.9 0.95 2.8 [WINDMOOR 12MW ([Segment 15
7.82 1.45 3.0 WINDMOOR 12MW/ /Segment1s |
Load from library Save to library Add row Delete rows Preview Generate

Figure 7

Please note: the WINDMOOR12MW.xml-file from the turbine-folder, is a file that points to the beam library
where you find a folder with the same name. This folder contains several xml-files which contain the cross-
sectional properties of each blade segment and turbine nave. This you should have in mind when saving

properties to library.
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4.1.1 Generate turbine-tool
The different options from the top-lines in the Generate turbine-tool are:

- Number of blades [-]: the number of turbine blades that is distributed around the nave. Usually,
three blades are applied.

Number of
blades

.

N

2

Figure 8
- System Yaw [deg]: orientation of the nave and system at the start of the analysis. 0 degrees
means that the nave is pointing along the positive x-axis. 90 degrees mean the nave is pointing
along the positive y-axis.
Figure 9

Torqgue resistance [Nm/(rad/s)]: this is a resistance that is proportional with the rotational
velocity of the nave. This parameter interacts with the controller.
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- Quick start velocity [RPM]: velocity chosen for quick start in the analysis. When the dynamic
part of the AquaSim analysis starts, the turbine blades will have this rotational velocity.

'

Quick start
velocity

Figure 10
Leave this equal to + 7.0.
- Wind velocity indicator [-]:
o Wind distribution: wind flow predicted by wind distribution (i.e. a wind profile).
o Nominal constant wind: wind flow is flat (constant) fixed wind speed.
Wind distribution Nominal constant wind
Figure 11

We choose to apply the Nominal constant wind in our case study.

- Controller: the type of controller that should be applied. The controller regulates the torque
resistance, system yaw and blade pitch as the blades rotate. Three options are available:
o AquaSim Quick Design
o Internal
o ROSCO (Python integration)

We choose to apply the AquaSim Quick Design in our case study.

Page 8 of 26



aquastructures

- Blade 1-3 pitch: regulates the pitch of the blades.

Blade pitch

Figure 12
- Node A/ Node B: which node on the Tower the turbine should be attached to. Node A is the first
node that was defined when the Tower-element was drawn in the 3D window. Node B is then the
second.
Node A
44— Tower
Node B J/
Figure 13

- Advanced: gives you access to advanced settings for the wind turbine. You can read more
detailed information about this in the AquaEdit User Manual (link), or the report TR-FOU-
100004-5(link).
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Blade sections:
Segment length (m) Prebend (m) Twist (deqg) Library
4.11 0.01 -14.4 WINDMOOR 12MW /Segment1 ~
2.12 0.01 -14.0 WINDMOOR 12MW [Segment2
2.12 -0.01 -13.6 WINDMOOR 12MW [Segment3

Figure 14

Each blade is divided into sections, and for each section the following information is given in Blade
sections:

- Segment length (m): radial length of each blade segment, in meters.

ISegment length (m)

4

Figure 15
- Prebend (m): how much the element is directed towards the wind (if positive values) over the
element length. That is, how much more upwards to the wind the outer node of the segment is
relative to the inner node.
\.
"; \ "0-bend-axis"
Prebend of segment
—
l
i
I
|
Figure 16
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- Twist (deg): twist of each segment. This can be viewed as local pitch of each segment in the

blade.
Twist (ﬁ | D)

—v

Segments

Figure 17

- Library: the path to where the cross-section properties to each segment is located. This coded to
point to AquaSim\Library\beam-folder.

The lower part of the window gives you the options to load a turbine from the library or save to the
library. The Add row and Delete rows regulates the number of rows in the Blade sections-part of this
window. Selecting Preview gives you the option of seeing the turbine without generating it. This is useful in
cases where you want to check certain parameters in this window. Generate, generates the turbine.
Elements and components needed for the turbine will be generated in AquaEdit.

e e v e

5.29 -0.02 -12.0 [WINDM@OR 12MW [Segment5
5.29 0.04 -9.8 WINDMO W /Segments
[ =] P T A LAITRICRACOL A +T e

E Load from library i Save to library Add row Delete rows Preview Generate

Figure 18

Let us generate this turbine by selecting Generate.
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4.1.2 Turbine components

Your model should now resemble the figure below, where you have a full turbine with shaft, nave and
turbine blades.

B Turbine amodel - Aquakdit 2.19.0-323"

- O X
File Edit Commands Tools Windows Help
rid [ [Membranes |[shapes [Crossectien | Normas (snen | P (12 . F. F. B[N [ Export Copymodel
i, 0O@ e S0 E M @/ Xy = OB +« AR 0OM®
Selection model [Mixed
B2 avetaner s [l
[A3 HeveOuter seai [
4 segmenty BEaM
00,00, 120,05 zﬁiggg [P —
wson0: 0 EEEES
00 M 6 segments s [l
A7 Segments seam [l
8 Segments £
99 segments BEAM
B4 10 segment7 BT |
11 segments BEam
12 segents £ |
13 Segmentin £
14 Sagmentiy e [l
(415 segmentiz B |
16 Segment13 e [
17 segentia BeA
15 Segmentis £
Fake compostians 15 Segmentis ;;m.
AN A2 segment1z £
21 segmentia BEAM
Hen component
x/o.0 ¥jo z|-10 ] | 2174885 | 397576 | 1214805 | Turbine towes [Pointer] Click to select nades or slements.

Figure 19

For the WINDMOOR12MW, a total of 18 blade Segments are generated. They are automatically modelled
as Beam components and are found in the Components- window. The nave is connecting the Tower to the
turbine blades. Node decorators representing the generator, and more is also added.

413 Blade segments

Double click on one of the segments from the Components-window to view its properties. We have
selected Segment3.

B Edit beam: 6 Segment3 X

Information Name Segment3

Material / section properties

Stress calculation Description

Element loads

Advanced Type Morison submerged -
Data source | Custom -

Visual crossection

[ Symmetrical [ ] Asymmetricends (/A B | Scale Move

0.0000 2.5300 0,5%%
0.1385 2.1310
0.3441 1.2650
0.33730.0000
0.3441-1.2650
0.1385-2.1310
0.0000 -2.5300

5,0600 ¥

Cancel

Figure 20

The cross section of the blade is presented in the Information-tab. As default, the beam type is Morison
submerged. Meaning forces are calculated based on Morison equation.
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Select Advanced to view tables for drag, lift, and yaw for the individual cross-section.

Bl Edit beam: 6 Segment3 || B Lift plot x
Information 0 [ Non linear data Lift
Material / section properties O [] Weight factor slamming
Stress calaulation [] use visual crossection as slamming* 0,70
Input type Degrees | .60
Direction of lift 1 | !
Chord 5.06m 0,55
Angle 0.0deg 0,50
E] Other 045
Include tangential Morison mass force, CMia... | 0.0 0,40
Advanced buoyancy =] 0,35
Lift table (if enabled) g 0
% 025
D Angle cd Lift coeff Yaw coeff > 420 |
1 -180.0 4574 0.533975 70014 | A 0: i5 A~ [/ "~.\
B 7L 0.011052 0.529644 0.012037 VAN [ N
3 17543 0.022562 0.532604 0.023572 o100/ N [ 1] \
3 -173.14 0.034912 0.533269 0.03623% 0,05 /'—/""'* — |/ N
5 -170.86 0.047733 0.540479 0.047503 0,00 . ¥_\_ﬂ_ .
5 -168.57 0.060656 0.535722 0.052618 0,05 N { — S
7] -166.29 0.073317 0.530635 0.053675 N .
E 1640 0.085344 0.532479 0.054126 0,10 \ A4
s 16171 0.036359 0.538654 0.054357 0,15 \/ N~
10 -159.43 0.106316 0.545137 0.056283 0,20
11 -157.14 0.11626 0.551161 0.058761
12| -154.86 0.127571 0.556852 0.061164 150 -100 =0 o 50 100 150
1 c2 57 014181 0 saaza7 nneazzal ¥ Angle
Plot — (D — Coef yaw — Coef lift
Cance

Figure 21

The drag and lift are given as a function of the inflow angle. And by selecting Plot, you may see how the
drag coefficient (CD), yaw coefficient (Coef yaw) and lift coefficient (Coef lift) is distributed around the
blade cross section from -180 degrees to +180 degrees. To exit these windows, select Close on the Plot and
Cancel in the Edit beam-window.

414 Nave and node decorators
The turbine nave is divided into two sections:

- Navelnner: a static beam element that connects the Tower to the generator (Shaft hinge).
- NaveOuter: a rotating beam element that connects the blades to the generator.

I‘ Decorators
| Al =
. Offioaded spring sorn [l
Shaft hinge Hinge
Na ve ou ter Turbine Turbine

1 Turbine tower BEAM
2 Navelnner eeav [l
P
T "*-—-7.,,_7> 714 Segmenti BEAM
— R 5 Segment2 eeav [l
\ 6 Segment3 BEAM .
S 7 Segmentd eeam [l
Na Velnner .'._ 8 Segments BEAM
' 9 segments BEAM
Y 10 Segment? eeav [
1 11 Segments BEAM
'; 12 Segmentd BEAM .

Figure 22
Further, we have three node decorators that are generated. These are:

- Offloaded spring
- Shaft hinge
- Turbine
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.
Offloaded spring
|
'
Turbine Turbine
-—
~ —
/ ‘.
"
"
. | b
Shaft h’nge . 1 Turbine tower BEAM -
! '!. 2 Navelnner BEAM .
_.-' \ 3 NaveOuter By |
/ " [A4 Seament BEAM
4
H 5 Segment2 e [l

Figure 23

4.1.5 Offloaded spring
Double click on Offloaded spring from the Decorators-window to view the properties. This is a spring that
is applied to stabilize the turbine blades in the initial static part of the analysis, prior to the dynamic analysis.

B&l Spring X
[ Spring
Name
Type Offloaded LI
B Stiffness
X 0.0Njm
¥ 0.0 Njm
z 0.0Njm
[ Stiffness rotation
RX 1ES Mm/frad
RY 1E8 Mm/frad
RZ 0.0 Nm/rad
[ RAD (*internal)
RAQ table (none) ;I
[] Shape active Edit shape O Cancel

Figure 24

The spring works according to the global coordinate system, and rotational stiffness is given for both x- and
y-direction. An offloaded spring has constant spring stiffness in the initial static part of the analysis and is
offloaded when the dynamic part starts.
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4.1.6 Shaft hinge

Shaft hinge is the generator. In AquaSim this is modelled as a hinge that is free to rotate about the axis that
goes through the nave. Rotational damping is added to the hinge, which should be interpreted as the torque
resistance. Double click on Shaft hinge from the Decorators-window to view the generator properties.

Eal Hinge x
= Hinge
Name
DoF ]
Reversed O
Local
El [] Spring
= Spring
Name Shaft spring
Type Node to node damping j
Non linear data {none) j
= Damping translation
X 0.0 Ms/m
Y 0.0 MNsjm
2 0.0 Msfm
[ Damping rotation
RX 1.48E7 Nms/rad
RY 0.0 Nms/rad
RZ 0.0 Nms/rad
E RAD (*internal)
RAQ table {none) J
[] Shape active Edit shape oK Cancel

Figure 25

The generator has been given the name Shaft hinge. The section DOF indicates which degrees of freedom
that should be restrained; selecting a checkbox means that the DOF is restrained. The three first checkboxes
are translations along x-, y- and z-direction respectively. The three last checkboxes are rotations about the
same axes. Local indicated whether DOF-restrictions should be related to the global coordinate system of
the model, or the element’s local coordinate system. When this checkbox is selected, it means that the
references are with respect to the element’s local coordinate system. This is indicated in the figure below.

Rotation about
local x-axis

Figure 26

Rotational damping about this x-axis, RX, is added in the section Damping rotations. Select OK or Cancel
to exit the Shaft hinge window.

4.1.7 Turbine
By double click on this you re-enter the Generate turbine-tool window.
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When conduction coupled analyses in AquaSim, one can find response and forces from combined effects

such as:

Loads from mooring systems.
Loads from motions of the whole system.

Environmental loads such as wind, waves and current.

From this, the coupled response is included from all load-contributions that will be present on a wind turbine

that could be situated on land, offshore with fixed foundation or floating with a mooring system.

In this case study we will run an analysis to demonstrate the results options available for turbines in

AguaView.

Select the Export-option from the top menu in AquaEdit to enter the window for inserting load conditions

and to specify analysis settings.

Bdl Turbine.amodel - AquaEdit 2.19.0-3236

File Edit Commands Toocls Windows Help

= B
W

BB OBHME D X2=LO08 44

Export ‘ Copy model

Tool properties ~

Selection model | Mixed

/

[] Additive selection

Bl Node -~
Name

<10.0, 0.0, 1204 ...

oooo o
1

Location
DOF

Nr of springs v

Figure 27

Decorators

All

Offioaded spring

Spring .

Turbine

Select the tab named Normal and apply regular constant wind of 8 m/s along x-direction. Set Num steps for
waves equal to 400. Having 20 steps for one wave, this will result in an analysis of 20 seconds. This should
be sufficient in to see the blades rotate about 1.5 times about the nave.

B Environment X
MNormal % Directional % =+
Nr Amp[m] T V[deq] cx[mfs] c¥[m/s] wix[mfs] wY[m/s] Comment Group
| 1 0 | 1 | 0.0 | 0 | 0 | 8 0 | 01 |
Add Edit Delete Import Generate irregular sea Generate irregular wind OK Cancel
ERImelsere * | [] create max out file
Preincrement 5 z 5
Max iterations pr step 1000 part groups
Mum total steps for waves 400 Automatic grouping 65
Num steps for one wave 2 Delete AVS files after run
Convergence criteria 1.0
Change dynamic convergence criteria 0.0 Analyse immediately after export
Current reduction type Deformed by current and waves ﬂ ] Enable low priority processes
Infiite depth [] Omit PRAT fles from analysis
Depth (wave profile) -1.0m
[ Cresting wave factor 0.0 Werify model when exporting
El Bottom [[] split file by timesteps 100
Bottom contact O
Bottom depth 100.0m [] Extract timestep range
Use terrain as bottom O ‘aquasim_l_ls_d.exe ~ | Ay Export
Bottom parameter 1.0 hd

Figure 28
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Select Export to export your model. Save the analysis an appropriate place on your computer. We named
the analysis turbine_.

B Bxcport file >

Lookin:| Analysis v| 2 £ @

Siste elementer

- File name: |t|..|rbir|e_ | | Export I
Skivebord  Flesoftype: | Aquasim batch file v Cancel

Figure 29

4.3 Post-processing (AquaView)
Once the analysis is finished you can load the avz-result file in AquaView. If you have not completed your
own analysis, you may open the turbine_01.avz associated with this tutorial.

Results specially adapted to wind turbines are found from the top menu bar Result > Turbine environment
and Turbine results.

Clear data
Color
Node number

2Node Spring >
Convergence norm
Local section forces >
Rotation >

Slamming >

Stress component

Turbine environment

Tu > Effect [kW]
Von Mises stress [MPa] Moment in plane blade 1 [kNm]

Location > Moment in plane blade 2 [kNm]
Distance > Moment in plane blade 3 [kNm]

Displacement b4 Nave rotation [DEG]

Rigid body rotation > Nave spin [RPM]
Utilization > Pitch angle [DEG]
Information on springs > Resistance [kNm/rad/s]

Debug > Thrust [kN]

Torque [kNm]

Figure 30

We should investigate some of the result options found under Turbine results. Let us start with Navne spin
[RMP], this is the calculated velocity of the turbine blades. Right-click on one of the segments in the
turbine blade to view the velocity as a function of analysis-steps.

During the analysis, the nave spin stabilize around 6.65 RPM, as seen in the figure below.
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Turbine results > Nave spin [RPM]

6.94

Figure 31
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Turbine results > Nave spin [RPM] X
A s Turbine resits > Nave spin [RPV]
ER 665 ~
202 6.65
203 .65
04 6.65
| copyaltocipoard | | viewlocalsectionforces | | Addseries | | Removeseries || setlabeis
7 [ —
e
@4 5
4
3
2
1
Os
o
o 50 100 180 200 260 300 360 a00

Turbine results = Nave spin [RPM]

Component (11): Segment8

Element number: 26 (Length: 7.95m)

Position of node A (23): 10.21, -22.80, 149,65
Position of node B (29): 10.12, -18.04, 143.36

X: 405, V1 6.65

Show oss secon

Another parameter that is interesting is the calculated torque. This is found from Result > Turbine results >

Torque [KNm].

Turbine resuts > Torque [kNm]

7266.08

6531.29

5796.50

5061.71

Figure 32

200

220

Turbine results > Torque [kNm] X

Step Turbine results > Torque ]

201 6%63.73
402 6363.63
403 6%63.51

204 6363.45

7000 "‘“
soo0 ||
so00
a000
2000
2000
1000

o
o EY 100 150 200 260 300 350 00

Turbine results > Torque [kNm]

Companent (11): Segments
Element number: 26 (Length: 7.95m)

Position of node A (23): 10.21, -22.80, 149,66
Position of node B (24): 10.12, -18.04, 143.36
X: 405, Y: 6963.53

Show Gusssecton

The torque shows the same trend as the velocity, it stabilizes around a certain level. In our analysis set-up
we chose a wind velocity profile that was ‘flat’ and constant both in time and in space. So, the trend in the

result plots correspond well with this.

Thrust is the axial force applied from the wind on the blades.

Turbine results > Thrust [kN]

1208.35

966.70

Figure 33

Turbine results > Thrust [kN] X
Step Turbine resuits > Thrust [d1]
[a01 119951 ~
202 119978
03 187
204 119975
Copyaltocipboard | | Viewlocal section forces | | Addseries | | Removeseries || Setlabels
1200
1000
@4
a0
o |
00
200
Os
o
0 50 100 150 200 250 a0 50 200

Turbine results > Thrust [kN]

Component (5): Segment3
Element number: 11 (Length: 2. 12m)

Position of node A (32): 10,00, -5.10, 126,61
Position of node B (34): 9.98, -3.80, 124.93
X: 405, Y: 1199.69

Show coss 2xcion

Page 18 of 26



aquastructures

Options found under Turbine environment are useful to check when validating your model and input-
parameters. Details of these are found in the AquaView User Manual.

R RRRRRRRRRRRRRRRRRRRRRRBSSBEEEESEDBEBEEBEBBBDIEERR
Show | Front Left™ Hight Top Bottom 150 Zoom Zoom toresult Jools Help | Displacement.z_[m]
Clear data I I
i hrust [kN]
MNode number
2MNode Spring > =
Convergence norm aq u a Si m
Local section forces  »
Rotation >
Slamming ¥
Stress component >
Turbine environment  * BEM parameter a
Turbine results > BEM parameter a apostrophe
Von Mises stress [MPa] D
Location > CL
Distance ¥ C norm
Displacement > Ctan
Rigid body rotation > Relative velocity normal [m/s]
Utilization > Relative velocity tangential [m/s]
Infermation on springs * Velocity medification normal [my/s]
Debug > Velocity modification tangential [m,/s]
405.0 (20,005, 0.05%) Windvel along nav [m/'s]

Figure 34
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5 Case study — Save turbine to library

In this section, some routines for saving to library is presented. In order to create a turbine in AquaSim from
the Generate turbine-tool, you will need three sets of xml-files describing the following:

- Blade segment cross-section properties (E-modulus, area, weight, drag, lift etc.),
- Blade sections (segment length, prebend, twist),
- Nave- Inner- and Outer (E-modulus, area, weight, drag).

51 Save segment cross-section properties to library

Saving to library is quite simple in AquaEdit. We start with the model from the previous case study.
Navigate to the Components-window and left-click on one of the segments. In the figure below, we have
chosen Segment 6. Then right-click and select Library.

1 Turbine tower BEAM
[#]2 MNavelnner BEAM
3 MaveOuter eeam [
4 Segmenti eeam [
5 Segment2 eeam [l
16 Segment3 BEAM
17 Segment4 eeam [
8 Segments BEAM

Set name
10 Segment? eeam [l
] 11 Segments Type ” |eAm
g
12 Segments Visibility > | peam [}
13 Segmentid BEAM
& Lock .
14 Segment1] BEAM
Deactivate
~]15 Segmenti3 EBEAM
g
16 Segment1] operations > |BEAM ]
17 Segment14 eeam [
18 Segment1s Hekete eeam [
19 Segment1€ Library eeam [
[]20 Segmenti] Edit BEAM
7] 21 Segmentis BEAM .

Figure 35

In order to use these cross-sectional data on turbines on a later occasion, they must be stored in the folder
AquaSim\Library\beam. In this case, the sub-folder WINDEXAMPLE has been established in advance, see
the figure below.
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B3 Library for BEAM X

Library

=] beam
e 4_,_ Sub-folder
created

Add folder

[ Kesppretension (] Inciude name Export Apply Cancel

Figure 36

To be able to store Segment 6 within the WINDEXAMPLE-folder, select this and then press Export in the
lower right corner. You can the give the beam a new name or keep what is suggested. Default is that
AgquaEdit suggest the same as the component name. We accept this and select OK.

Create new beam preset x

Component name:

Figure 37

The Edit beam-window will automatically be opened, allowing you to adjust or change input before saving
to the library. We do not want to change anything, hence select OK.

] *

information Name Segments
Material / section properties
\Stress caloulation Description
Element loads
\Advanced Type Morison submerged -

Data source | Custom w

Visual crossection

Symmetrical [T] Asymmetric ends A B Scale Move

0.0000 3. 1750 0,418
0.1004 2.7496
0.1740 1.5875
0.200% 0.0000
0.1740 -1,5875
10,1004 -2.7496
0.0000 -3.1750

6,3500 "

\

Concdl

Figure 38

You are asked if you want to save the change, select Yes to this. Segment 6 is the successfully stored to the
library and will be visible from the middle section.
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B4 Library for BEAM ®

Library Bl Beam: Segment
2| | beam ype MORRISON
L3 o 1E11 Njm*2
# WINDMOOR 12 odulus 3.81E10 Njm~2
171 m~2

171 m*3
585.547953 kgjm*3
10018 kgfm
Weight in water 0.0 kgjm

Iz 0.163 m~4

Iy 0,443 m~4

It 0.474 m~4

Add folder

[Jeep pretension [ Include name Export Apply Cancel

Figure 39

The cross-sectional properties are now stored as an xml-file in the following folder
AgquaSim\Library\beam\WINDEXAMPLE. Remember this for the next sections, where we are going to save
both blade section and nave cross-sectional properties.

AgquaSim » Library » beam » WINDEXAMPLE

Mavn

e SegmentBaxml
Figure 40

Saving of segment cross-sectional properties are now finished. You may exit the Library for BEAM-
window by selecting Cancel.
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5.2 Save nave to library

As per AquaSim version 2.19.0, there must exist xml-files describing the components Navelnner and
NaveOuter in order to generate a wind turbine from a library. The nave can be saved in two ways:

1. If you do not have any established components for Navelnner or NaveOuter you may copy the
xml-files from AquaSim\Library\beam\WINDMOOR12MW to WINDEXAMPLE.

+ AgquaSim » Library * beam * WINDEXAMPLE

Mawvn

e Mavelnnerxml
e MaveOuterxml
e SegmentBaml

Figure 41

2. If you have established components for Navelnner and NaveOuter in AquaEdit, you may follow
the same procedure as described in the previous section Save segment cross-section properties
to library. The xml-files should be stored in the WINDEXAMPLE-folder.

1 Turbine tower BEAM

2 Mavelnner BEAM .

3 NaveOuter S seam I

4 Segmentl Type ? BEAM .

5 Segment2 Visibility > eean [

6 Segment3 sean [l
Leck

7 Segment4 eeam [
Deactivat

8 Segments Factvate seam [

[A19 Segments Operations » BEAM .

10 Segment? BEAM .

11 Segmentd Delete BEAM

12 Segmentd Library seam [

13 Segment10 Edit seam [l

—_— L |

Figure 42
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5.3 Save blade sections to library

Blade sections defined in the Generate turbine-tool may also be saved to library. Open AquaEdit and draw
vertical beam element in the 3D window. Right click the element select Elements > Other > Create
turbine on element. Then select Add row, as shown in the figure below.

B Generate turbine *

Turbine information:

Mumber of blades 35 Torgue resistance |0.0 Blade 1 pitch 0.0
Quickstart velodty 0.0 Blade 2 pitch |0.0

System Yaw (deg): 0.0 Wind velocity indicator | Wind distribution ~ | Blade 3 pitch |0.0

Advanced Controller | AquaSim Quick Design ~| (@ MNodeA ()NodeB
Blade sections:
Segment length {m) Prebend (m) Twist (deg) Library
Load from library Save to library Delete rows Preview Generate

Figure 43

Let us say you have data for Segment length, Prebend and Twist for Segment6 that you saved earlier. Type
in the data as given in the table below.

Segment length (m) Prebend (m) Twist (deg)
5 2 1.5

Rember that we earlier in this tutorial said that the Library-column is coded to point to the folder
AguaSim\Library\beam. We have saved the cross-sectional data for Segment6 in WINDEXAMPLE. Therefor,
in the Library column, you should type WINDEXAMPLE\Segment6.

Bl Generate turbine *
Turbine information:
Number of blades 35 Torque resistance (0.0 Blade 1 pitch (0.0
Quickstart velocity 0.0 Blade 2 pitch |0.0
System Yaw (deg): 0.0 Wind velocity indicator | Wind distribution ~ | Blade 3 pitch (0.0
Advanced Controller | AquaSim Quick Design ~| (@NodeA () MNodeB
flade sechions:
Segment length {m) Prebend {m) Twist (deg) Library
50| 20| 4.5 WINDEXAMPLE \Segments
Load from library Save to library Add row Delete rows Preview Generate

Figure 44

To make the turbine model complete, you must also include the path for Navelnner and NaveOuter. Select
the Advanced-option and navigate down to the Nave-section.
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Eal Turbine advanced properties *
Iteration tolerance 1E-8 2
Blade tip damping 0.0
Blade damping 0.0
Rated power [kMN] 0.0
Rated generator speed [R...| 0.0
PLKP [s] 0.0
FI kI 0.0
PI kI, pow 0.0

= Nave
Nave 1length a.0
Nave 2 length 2.0
Mave 1 component
Nave 2 component N
OK Cancel

Figure 45

In the section, Nave 1 component will correspond to Navelnner and Nave 2 component is the NaveOuter.
In the empty sections, the path to where the xml-files for the naves should be entered. As for Library, this
part is coded to point to the folder AquaSim\Library\beam. We should then type what is shown in the figure
below.

B Turbine advanced properties d
Iteration tolerance 1E-8 "
Blade tip damping 0.0
Blade damping 0.0
Rated power [kN] 0.0
Rated generator speed [R...| 0.0
PLkP [5] 0.0
PLKI 0.0
PL kI, pow 0.0

E Mave
Mave 1length 8.0
Mave 2 length 2.0
Mave 1 component WINDEXAMPLE \Mavelnner
Mave 2 component WINDEXAMPLE\NaveOuter W
oK Cancel

Figure 46

In the Advanced-window, select OK.
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5.4 Save turbine to library

The information can now be saved to library. In the Generate turbine-tool window select Save to library.
This will automatically point to the folder AquaSim\Library\Turbine. Type an appropriate name, we chose
WINDEXAMPLE.

Bal Generate turbine *
Turbine information:
Mumber of blades 3 Torgue resistance |0.0 Blade 1 pitch (0.0
Quickstart velocity |0.0 | Blade 2 pitch |0.0
System Yaw (deg): (0.0 wind velod| B Save *
i Save in: turbine v e
Blade sections:
e WINDMOOR1ZMW xml
Segment length {m) Prebend (m) e -:.]
5.0 =
| / Siste elementer
Skrivebord
Load from library Save to library e
1 E
Dokumenter
Denne PCen
@ Filename: | WWINDEXAMPLE|
Mettverk Files of type:  |ywL file o Cancel

Figure 47

Now, this turbine is complete and WINDEXAMPLE can be implemented to a new model by following the
procedures described in the first case study.

6 Revision comments

Revision no. Comment
1.0 First publication

--- End of document ---
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