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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 Case study — Hexagonal Masks

21 Learning objectives
In this case study you are presented to:

- The fundamentals of hexagonal shaped masks

- How to generate hexagonal masks in a model

- The input parameters

- Available result options in the post processing tool AquaView

2.2 Introduction
Hexagonal shaped masks may in the AquaSim literature be referred to as hex mesh, hex masks, 6-sided
membrane or hexagonal masks. These are all name variations of the same feature.

In this case study you should establish a container, or net, with hexagonal masks as illustrated in the figure
below. Then a static analysis is performed to demonstrate the result options that is available in AquaView.

Figure 1
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23 Principles of hexagonal masks

Hexagonal masks are available through the tool Generate Hex found in the Tools menu in AquaEdit. Each
modelled hexagon will represent smaller hexes, according to the input thread diameter and size of the
individual masks. This principle is illustrated in the figure below.

Modelled
hexagon

Smaller hexagon
according to input in
AquaSim

Figure 2

The mesh that hexagonal masks constitute can be compared with traditional hexagonal nets or fences where
the wires are regularly twisted together. In AquaSim, the hexagon mask is built up by diagonals and knots as
illustrated in the figure below.

Knot length

Diagonal Thread diameter

Mask height

/ Mask width \

Figure 3
The input to AquaSim is:

- Knot length [mm]
- Mask height [mm]
- Mask width [mm]
- Thread diameter [mm]

The Thread diameter corresponds to the diameter of the Diagonal, and the relation between the diameter of
the Knot and Diameter is:

Agnot = \/E ’ dDiagonal

More information about the theoretical formulation of hexagonal masks can be found in this report TR-
FOU-100004-1.
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2.3.1 Modelling principles
To model hexagonal masks one need to first create an outline, or framework, then the masks are generated
within this outline.

Outline Outline and
hexagonal masks

Figure 4

The outline must be created by applying MEMBRANE X. When the masks are created the outline can be
deleted from the model, as it has no practical contribution anymore.

Note that AquaSim calculates forces based on the assumption of similarity between the mask sizes and the
modelled elements in the 3D window (Norwegian: formlikhet). AquaSim tolerates some deviances, but only
to a limited extent. Therefore, it is of importance to ensure that size of the modelled elements fairly adds up
with the smaller hexes. Help tool to ensure this is provided through the Fit- or Scale options in the Generate
Hex tool.
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2.4 Pre processing

241 Establish outline for hexagonal masks

Load AquaEdit and create an outline with 8 sides and dimensions as described below. The outline should be
of the component type MEMBRANE X, and the centre should be situated in the global origin (x, y, z) = (0,
0, 0).

w

—

Figure 5

Dimensions of outline

Radius (R) 26.131 m

Width (W) 20m

Height (H) 20m
Tip!

How to generate the 8-sided outline:
Start with a component type TRUSS and generate a circle with 8 segments and radius equal to 26.131m.

Lt - o x
Bt Commands Tooks Windows Help

| i Membranes  shapes | crossecton | nermas 5o P8 [12] L Es By S (6] B oot copvmodd

b/ ODBOBESFOBMED / X4=2 0B+« 4RO |

aaaaaa A

Radus [26,131
Gramference [164, 185315

mmmmmmm

[Porter] Chck to select nodes or elements.
Ponter] .
Fonterl

X0 vh zo O |48 170576 0838 | Component [Draww incle] Click to set circle center. Drag ta st sze:

Figure 6
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Extrude path 20m in negative z-direction.

(] - o x

File Edit Commends Tools Windows Help

| i Mmbranes  shapes | rossecten | vermas 5o B [12] [ Es By S () B oet conmadd
BlroEBOE S 0OBHED  X4=,.00+ARKO"mn

Selacton model Mend < ]
() Ackdwn selecton

Elements (£)

B 8 elements selected from 1 Component 1

Sementlength | 159.99%8

Companent 1 Companent 1
Trpe AUSS
ame z
Pont 3 <-26.13L, 0.0, 100000.0>
DOFs A

e
[Dram ordie] Dk (o set crce canter, Drag toset
s

3

[Porer] ek 1 seectnodes o clements.

[Exirudes s peth] T conponent
[Extrude] Configre |

X0 vh zo O |z28219 17880 08385 | Component1 [Painter] Chick to select nodes or elements.

Then change the component type from TRUSS to MEMBRANE, then to MEMBRANE X.

Ll - o ®
Fe £t Comwands Tooks Windoms Help

id i Merbanes |[Shapes| Cromsecion tomais s (P |12 L E. E. & [0 B Espot Copymade

B-oB0oss0OBHME0/ X4/=/.080 +4R0%

Selecton madel | Maed ~ N =
] Adiive seection

Elemeres (21)

1 24 clements selected Irom | Companent |
Sementhngh 47997
Comporent 1 Companent 1
wort 3 <00,00,00>

Lag Verwer Hem ampanent

Xo ¥jo zh 1 00873 |83 | 0000  Component) [Poiter] Click 10 select noces o elements,
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When generating the outline, it is advised that the horizontal elements are as parallel as possible and of equal
lengths. This also apply for the vertical elements.

Horizontal elements is
parallel and of equal length.

Vertical elements is
parallel and of equal length.

Figure 9

This is recommended in order to ensure that the masks will coincide between the side surfaces. An example
of what is meant by coincidence of the masks and not is illustrated in the figure below.

When horizontal and vertical When horizontal and vertical lines

lines of the outline are parallel: of the outline are not parallel:

These are
parallel

The masks between
sides matches

Not prallel The masks between
sides do not match

Figure 10
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2.4.2 Generate Hex: sides
In this section, masks on the container sides should be generated. The parts that should be included to

generate the masks should be selected. To select MEMBRANE X components, select Pointer and from the
drop-down menu choose Quads.

Tool properties

Selection model | Quads R

Mixed
Elements

Additive sel Elements and Quads
Modes

Figure 11

Box-select the outline from the 3D window.

Vertical
line

H ori‘zm‘
line

Figure 12

Each corner of the nodes is assigned a colour. Red to green is the first horizontal edge, green to blue is the
first vertical edge. Blue to yellow is the second horizontal edge, and yellow to red is the second vertical
edge. This is important: the horizontal and vertical lines indicate the direction of the masks.

Go to Tools > Generate Hex and select the tab Membrane.
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¥ Generate hex net *
Membrane Bottom
Knot length | 100
Mask height |200
Mask width 400
Thread diameter |20
Emit connectors
Scale |0.01
Axis length 20.0
Fit |5

Solidity 21.213%
Diagonal length 141.421

Generate membranes

Close

Figure 13
Input parameters for the mask should be:

Knot length = 100 mm
Mask height = 200 mm
Mask width = 400 mm
Thread diameter = 20 mm

Emit connectors: connectors are truss elements modelled between the edges of the outline. By toggle on,
these truss elements are included when generating the masks. We want to include the trusses and leave this
option activated.

Scale: scale the mask size. This option is dependent on the Fit, so if one adjusts one the other option is
updated. We do not make any changes here.

Axis length: indicates the length of the edge between the red to green node. That is, the horizontal line.

Fit: this is the number of masks that should be generated from the red to green node (horizontal edge). We
choose to have 5 masks fitted in the outline, so we type Fit = 5.

Select Generate membranes. When the masks are generated, you can select Close in the Generate Hex
window. The model should now resemble the figure below.
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File Edit Commands Tools Windows Help

Giid |Axis | Membranes [shapes | Crossection Nomals snap (B |12 P E. B 58 (O3] 1 B export Copymedel
Blyrom08 ,f0RMB0  X7=2lD08 44RO
Selection model | Quads - £l =z
Additive selection

Quads (8)
= Selected 8 from Component 1

Component Component 1

area 3139568437

Type MembraneX

vemeranex [
6-SIDED MEMBRANE
DOFs
New component
v

x[-3.88 v|13.485 z[o.o O ‘ 453391 ‘ 394963 ‘ 0.0000 ‘ Segments [Pointer] Click to select nodes or elements.

Figure 14

In the Components window you will see that two new component groups are generated: Hex and Segments.
Hex is the hexagonal masks and is assigned to the component type 6-SIDED MEMBRANE. Segments is
generated due to activating the Emit connectors in the Generate Hex, tool and is component type TRUSS.

243

Generate Hex: bottom

In this section, masks on the container bottom should be generated. The tool Generate Hex provide a tab for
generating this. Go to Tools > Generate Hex and select the tab Bottom.

Figure 15

gj Generate hex net
Membrane Bottom
Knot length | 100
Mask height |200
Mask width 400
Thread diameter |20
Emit connectors
Center position |0,0,-20
Radius |26.131
Slices |3
Slice divisions |1
Depth |0
Scale (0,01
Axis length 20.0
Fit |5
Solidity 21.213%

Generate bottom

Close
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The bottom-masks should have the same properties as the side-masks, we type:

Knot length = 100 mm
Mask height = 200 mm
Mask width = 400 mm
Thread diameter = 20 mm

Center position: is the coordinates of the centre point for the bottom. The height of the outline was 20
meters; hence we type 0, 0, -20.

Radius: this is the radius of the bottom, measured from Center position. For the bottom to coincide with the
lower edge of the sides, the radius should equal the distance from Center position to the lower edge of the
sides. From before we know this is 26.131 meters.

Slice: is the number of divisions of the bottom. By default, this is 8. In our case we have a total of 8 sides,
hence we type Slice = 8.

Slice division: the number of Slices may be further subdivided with the use of Slice division. Applying e.g.,
2 will result in a total of 16 slices when Slice = 8. We only want to have a total of 8 slices, hence: Slice
division = 1.

Tip!

The effect of Slice division:

To illustrate the Slice division, the figure below presents how the bottom would be if Slice=8 and Slice
division=1.

Figure 16
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When Slice=8 and Slice division=2.

Slice division

Figure 17

When Slice=4 and Slice division=2.

S/[Ce

Slice division

Figure 18

Depth: is the depth of the bottom. The depth is calculated with respect to the vertical position specified in
Center position. The unit is meters and is measured downwards, meaning that positive values will create a
bottom that has a depth in negative z-direction. Our container should have a depth of 10 meters, hence:
Depth = 10.

Scale: scale the mask size. This option is dependent on the Fit, so if one adjusts one the other option is
updated. We do not make any changes here.

Fit: this is the number of masks that should be generated from the red to green node (horizontal edge). We
choose to have 5 masks fitted in the outline, so we type Fit = 5.
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Now, select Generate bottom. When the masks are generated, you can Close the Generate Hex window.
The model should resemble the figure below.

-2} - o %
File Edit Commands Tools Windows Help

i i [Membrancs | Shapes | crossecton tomas snap (| [I2] I Ex B» 38 [0 0 o [ oot coprmose
BlyroEB@B8  OBHED /X7 =L08 % 4RO5k

Selection madel | Quads ~

[] Additve selection

Object properties

2 Botom &-si0eD mEvERANE [
3 Hex &-SIDED MEVBRANE
ors 4 thes uss [l
5 Segments russ [l
-Lug Viewer New component
X0 Yo Zpo (] ‘ -2.1707 | 164795 0.0000 Component 1 | [Pointer] Click to select nodes or elements.

Figure 19

Two new components should have been generated: Bottom and Lines. Now as the masks are successfully
generated, you may delete or deactivate the MEMBRANE X component that were applied as an outline
because it is of no use anymore.

2.4.4 Boundary conditions

The model needs some boundary conditions, and in this case study we choose to restrain the top nodes of the
container in all Degrees of freedom. Select all the top nodes and select the checkbox to the left in the Nodes
window.

L] - o x
File Edt Commands Tools Windows Help
Grid |Axis | Membranes | Shapes | Crossection Normas snsp (PH| |12 [ [ [. 38 |OY [ Expot Copymodel
BlroBoe  OBRMEO/ Xs=LB88 - 4R05% ‘
Selecton model | Nodes v A ~
[ Addrtve selecton
) Node
oo = |
C14 Gonponae s voswex Il
&2 sottom ssoevee [
A3 6-5IDED MEMBRANE
DOFs . —
g Views New component
X0 Yo Zjo 0O 26 160195 32504 Lines [Pointer] Click to select nodes or elements.

Figure 20
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2.4.5 Pointload
To suspend the container sides, we add some Pointloads of -300N in z-direction.

| ma - o x
i Help

tion Normals Snap @\ [E| [P @| = B Epat Copymodkl

Blrowmos s DEBHBE0  Xs=.08+4R00®

Selection mode! | Nodes v Al

]
x
|

B Pointload

B Pointload
Name S0intL0ad 1]

X oon
v oon
z eon versnave x [l
E Momentum
x 00w m—

v 0.0Nm

6-SIDED MEMERANE

[ : 0.0Nm
e rao
RAG bpe Horma | 5 segnens s [l
RAG table (none) =
[JShape active | Edit shape oK Cancel

.

X 12472 V 20.965 Z-:00 o | 1315120 | 285049 | -20.7971 | Lines | [Pointer] Click to select nodes or elements.

New component

Figure 21

2.4.6 Properties of hexagonal masks

We should give the component groups Hex and Bottom cross-sectional properties. In the components
window, double click Bottom to open the Edit Membrane window. The available Type and Load
formulation for 6-SIDED MEMBRANE is Normal. Go to the Material properties tab, and insert Thread
diameter = 0.02 m, this corresponds to the thread diameter of the Knot.

Bl Edit membrane: 2 Bottom X
Information El Properties
E-module 1E9 Njm~2
Load properties Thread diameter
[] Area (diagonal) 3.1416E-4 m "2
[ Area (straight) 6.2332E-4m"2
Mass density 1025.0 kg/m*3
[] Relative density in water 0.0 kg/m~3
No compression forces ]
El b-sided membrane properties
Knot length 100,0 mm
Mask height 200,0 mm
Mask width 400.0 mm
Mask diagonal 141.421356 mm
B Solidity
Fretension Y 5E-5
Pretension Z 5E-5
Growth coeffident 15
Mask diagonal length 0.141421m
Mask horizontal length 0.1m
Solidity 21.213203 %
Solidity incl growth 31.819805 %
B Advanced
Rayleigh damping stiffness 0.0
Ravleigh damping mass 0.0
Save Cancel

Figure 22
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We are satisfied with the parameters and select Save.
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Enter the Edit membrane window for the component Hex and go to the Material properties tab and make

sure that the parameters correspond to the figure below. The select Save.

Figure 23

247

Bl Edit membrane: 3 Hex

Information

Load properties

[ Properties
E-module
Thread diameter
[ Area (diagonal)
[] area (straight)
Mass density
[] Relative density in water
No compression forces
E 6-sided membrane propetties
Knot length
Mask height
Mask width
Mask diagonal
O Solidity
Pretension Y
Fretension Z
Growth coefficient
Mask diagonal length
Mask horizontal length
Solidity
Solidity ind growth
= Advanced
Rayleigh damping stiffness
Rayleigh damping mass

1E9 Njm*2
0.02m
3.1416E-4m"2
6.28326-4m”2
1025.0 kgjm~3
0.0 kgfm*3

|

100.0 mm
200.0 mm
400.0 mm
141,421356 mm

SE-5

SE-5

L5
0.141421m
0.1m
21.213203 %
31.819805 %

0.0
0.0

Save

Cancel

Properties of Segments and Lines

The truss components Segments and Lines are assigned cross sectional properties corresponding to the table
below.

Segments and Lines

E-modulus 2.1E9 N/m2
Area 3.8E-4 m2
Weight in air 0.48 kg/m
Diameter Y/ Z 0.022/0.022 m
Drag coefficient Y /Z 1.2/1.2
Added mass coefficient Y /Z 1.0/1.0

248 Verify the model
To check that the model is correct and without errors, you should check the model through Commands >
Verify model.

You might, depending on your settings, get a warning for close nodes. Then you should check if there are
some nodes that should have been merged.
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Close nodes <9,701, -22,113, -20.0> and <9.701, -22.113, -20.0> ~
Cloze nodes <-2.31, -25.174, -20.0> and <-2.31, -25.174, -20.0>
Close nodes <-19.051, 17,092, -20.0> and <-19.051, 17.092, -20.0>
Close nodes <-20.965, -12.472, -20.0> and <-20.965, -12.472, -20.0=
Close nodes <-20.582, 13.396, -20.0> and <-20.582, 13.396, -20.0>
Close nodes <16.168, -19.434, -20.0> and <16.168, -19.434, -20.0>
Close nodes <25.174, 2,31, -20.0> and <25.174, 2.31, -20.0=

Close nodes <16.168, 19,434, -20.0=> and <16,168, 19.434, -20.0>
Close nodes £17.092, 19,051, -20.0=> and <£17.092, 19.051, -20.0=
Close nodes £9.701, 22,113, -20.0> and <9.701, 22.113, -20.0=
Close nodes <12.472, 20,965, -20.0> and <12,472, 20,955, -20.0=
Close nodes <-20.582, -13.395, -20.0> and <-20.582, -13.396, -20.0>
Close nodes <-6.0058, -23.644, -20.0> and <-6.005, -23.644, -20.0>

Pall A, 994 9C 4TA 00 A 2034 90 4T ann

=
=
=
4
=1
z
2]

Fix Fix problem type Fix all Zoom to problem Settings Close

Figure 24

2.5 Calculations static analysis
Go to the Export menu and select the Normal tab, we should conduct a static analysis. Apply the
parameters as shown in the figure below.

Eal Environment X
Normal % +
Amp[m T[s] V[deq] U{m[s] Y [m/s] wX[m/s] wY[m/s] Comment Group
| o] o oo of o of o I
Add Edit Delets. Import Generate irregular sea Generate irregular wind oK Cancel
ERUEsenie * | O create max out fie
Preincrement 5
Max iterations pr step 1000 Export groups
Mum total steps for waves 1} [] Automatic grouping 6%
Num steps for one wave o 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 j [[] Enable low priarity processes
Infinite depth ]
e em (] Omit PFAT files from analysis
I Depi (wave prome) Tom
[] Cresting wave factor 0.0 Verify model when exporting
B Bottom [ spiit file by timesteps 100
Bottom contact O
Bottom depth T100.0m [ Extract timestep range
Use terrain as battom O ‘aquaswm_z_lﬁ.exe ~ Export
Bottom parameter 1.0 w

Figure 25

Export the model and start the analysis.
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2.6 Post processing static analysis
When the analysis is finished, open the result-file in AquaView. That is the .avz-file. From the Result menu
you can select Net.

FAld ad\101_AquaSim\01_4 i i 1 e ic_01.avz - AquaView 2.18.1-3002 X
[RET f

Stress component
Von Mises stress [MPa]
Location

Figure 26

Axial force in twines [N]: view axial force in both the Diagonal and Knot threads, shown at det same time.
Axial force in twines diag [N]: view axial force in the Diagonals.

Axial force in twines str [N]: view axial force in the Knots.

CD mem: is the drag coefficient of the hexagonal masks.

Normal force [N]: view the force in the ‘visible’ threads on the membrane panel the hexagonal masks
constitute. That is, the force summed over the number of threads it represents.

SOL %: the solidity of the membrane panel the hexagonal masks constitute.

2.7 Summary

In this case study, you have been introduced to how hexagonal masks can be modelled in AquaSim. A
container with a bottom has been modelled, cross sectional properties have been added and a static analysis
is run. Further, some options for viewing results in AquaView is presented.
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3 Revision comments

Revision no. Comment
1.0 First publication

--- End of document ---
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