aquasim

aquastructures

AquaSim training courses

- Component contact: Falling box

Revision: 1.0

AquaSim version: 2.18

Aquastructures AS
Kispmannsgata 21, 7013 Trondheim
Norway

Page 1 of 13



aquastructures

Content

L PIOIEOUISTIES ...tttk et b bbb e e b bbbt b b e b et e e e b e bbb bt e 3

2 Case study — COMPONENT CONTACE........ccieiiiiieieerte et e et e e e re et e e s e s reebesneesreeseaneeaseenreens 3
0 A - U 01 T T 0] o] T £ TSRS 3
2 1011 €T L1 T [ OSSPSR PSPPI 3
2.3 Principles of COMPONENT CONACT .........ccviiieiiieiecie et re e reenne e 4
2.4 PIEPIOCESSING ...eteeueeueentetestesteete st eseese e s bbbt be bt e s e e s e e s e s e b e b e b e e b £ e b e e st e R b e b e nb e bt bt e b e Rt bt et n e r e e b 5
2.5 AANAIYSIS ..t b bbbttt bbbt bt e rennes 10
2.6 POSt PrOCESSING ANAIYSIS ....veuvitiitiitieiiei ettt bbbttt nb bbbt nr e 11
2.7 SUMIMEIY oottt h e bt st e b e bt e st Re oAb e e s s e R e e bt e s s e e b e e b e e e e e b e e b e e et e be et e e e e abe e neenrenre s 12

3 REVISION COMIMENTS ....uiiiiiiiite ittt ettt b et s e s e st et et e st e b e s bt e be e s e e st e se e e e besbeebe e b e e neeneeneesbenbenbenre s 13

Page 2 of 13



aquastructures

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 — Component contact

21 Learning objectives
Upon completion of this case study, you will be able to:

Model a system with a falling object on a net
Establish a Component contact-table between two components
Contact contact-table:
o First part
o Second part
o Distance/Radius
o Stiffness
o Damping stiffness
o Dynamic friction damping
- Evaluate the forces that arise due to contact in AquaView

2.2 Introduction

Using component contact enable to perform analyses where contact and collision between elements are of
significance. This can be contact between ship and quay, mooring line contact, falling equipment and so on.
AgquaSim holds the opportunity to define that there should be contact between selected component groups.

In this case study you will define contact between a falling object and a net. The object could be some sort
of box or equipment, and the net could be for safety reasons. When the box hits the net, kinetic energy will
be transferred from the box to the net and be distributed to the suspension ropes holding the net. You are to
establish a table which defines contact between the box and the net and investigate force and displacement
in AquaView.
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Figure 1
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2.3  Principles of Component contact

The basic principle of establishing contact between elements in AquaSim is to first define contact between
component groups in AquaEdit. Two-and-two component groups can be assigned contact. From this a
Component contact-table is created which defines how the contact should take place.

Contact between elements in the component groups is based on a spring, as illustrated in the figure below.
We have the following relation between force, spring stiffness and displacement:

F=k-r°

where F is the contact force, k is the spring stiffness and r is the relative distance between the elements. In
addition, you can also assign friction, damping and distance when contact should start.
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Figure 2

To establish contact, you need to select a “First part” and a “Second part”. The choice of order is for most
practical purposes indifferent. AquaSim will keep track of the position and distance between the “First part”
and “Second part” in all timesteps in the analysis, this is illustrated in the figure below. If elements in “First
part” gets closer to “Second part” than the specified values for where contact is assumed a force will push
the elements apart.
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Figure 3
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2.4 Pre-processing

241 Modelling in AquaEdit
Open the .amodel that is associated with this case study in AquaEdit. The model consist of three component
groups; Falling box, Net and Suspension rope.

1 Falling box

35%

3 Suspension
rope
2 Net

Figure 4

2.4.2 Component properties

The box is modelled as a component Beam with an arbitrary angle in the xz-plane, to illustrate a random
drop. The chosen load formulation for the Beam is Morison submerged. In combination with the Water
volume correction: With slamming, AquaSim will automatically adjust the properties that is valid in air.
Properties of the beam is shown in the table below:

1 Falling box

Type BEAM

Height x width 4mx4m
E-modulus 2.1E+11 N/m2
Area 16 m2
Volume 16 m3/m
Weight in air 20 kg/m
Weight in water -1.638E4 kg/m
Drag coefficient Y / Z 1.2/1.2

Adde mass coefficient Y / Z 20/2.0
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The Net is modelled as a conventional net of type Normal in combination with load formulation Normal.

2 Net

Type

Load formulation

Height x width

E-modulus

Thread diameter

Growth coefficient
Maskwidth Y / Maskwidth Z
Net in air

Normal

Normal
35mx35m
1.0E+09 N/m2
2.0E-3m

1.0 -
0.025m/0.025 m
Checked

The Suspension rope is modelled as trusses. The purpose of the suspension trusses is to restrain the net from
falling. The truss is made fairly soft, with a low E-modulus. That is because they are meant to act as shock

absorbers.

3 Suspension rope
E-modulus

Area

Weight in air

Weight in water

Diameter Y / Z

Drag coefficient Y / Z
Added mass coefficient Y /Z

2.1E07 N/m2
2.46E-03 m2

2.62 kg/m

0.0985 kg/m
0.056 m/0.056 m
1.2/1.2

1.0/1.0
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243 Add Spring type OFFLOADED
For the current model-setup the box is free to translate and rotate in any direction. This will cause large
initial translations, and potential unstable analysis which can lead to divergent results. To dampen this, one

can apply a spring of type OFFLOADED. This spring is constant in the initial steps. In the dynamic part of
the analysis, the effect of this spring is removed.

o Node B4l Spring *
Mame = Spring
|acation 15335 175 2175 Name OFFLOADED
DOF Oooox0Od O Type OFFLOADED ~|
T O Sprmigs, = stiffness
OFFLOADED X |[een X 1E4N/fm
OFFLOADED X [ . ¥ 1E4N/m
z 1E4Njm
/ B stiffness rotation
- RX 1000.0 Mmjrad
RY 1000.0 Nm/rad
RZ 1000.0 Nm/rad
’ E RAO {*internal)
243.0, 43.0, 20.0>
<19.665, 17.5, 26.25> OOoOo=0d
<43.0, -8.0, 20.0>
215,335, 17.5, 23.75>
<-8.0, 43.0, 20.0>
<-8.0, -8.0, 20.0>
[] shape active Edit shape oK Cancel

Figure 5

The end-nodes are also restrained from rotation about x-axis.
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Contact between Falling box and Net should now be established. Adding contact between two component

groups can be done in two ways in AquaSim:

1. Select the two component groups from the Components-window > Right click > Operations >

Add contact.

1 Falling box BEAM
2 Met EERae MEMERANE

Type 2
Visibility — *
Lock
Deactivate
Select Ctrl+Shift+ A Operations »
To active compenent Alt+A Delete
Copy from Library
Merge B
Add contact

Calculate membrane volume

‘Add a contact between two compon antsl

Calculate membrane area
Convert to explicit

Convert to terrain

Select diagonal elements

Figure 6

2. Alternatively, select Tools > Tables > Show component contacts and the select Add.

Tools  Windows Help

Scripts... td JL b b @ [zl E Export  Copy model @+/ D T_] @ @ ._"L O |

Generate Met

Generate Hex

Workspaces... >

Script console
B4 Component contact

Internal >

Tables > Show RAQ tables
X Show non linear tables
Edit pretension

. Show sloshing tables
Copy model Shift+C

. Show component contacts
Export Shift+E

Library Shift+L
Decorator library Ctrl+5Shift+L
Find node

R ies of batch job:
un series of batch jobs Add Edit

Open analyse window

Figure 7
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Ed Compenent contact x
= Properties

First part Falling bax/BEAM -

Second part Met/MEMERANE |

Distance Radius 2.0

Stiffness 1E8 Mjm

Damping stiffness 0.2

Dynamic friction damping 0.1

Static stiffness friction coeff 0.0

Max initial distance 0.0

oK Cancel

Component Falling box is selected as First element and Net as the Second element:

Distance/ Radius: defines when contact should occur. Aquasim treats this parameter a bit
different depending on the type of component group that is included here. If contact is defined
between a Beam (or Truss) and Beam (or Truss) this parameter can be seen as a radius to Second
element in which contact should start. In this case, we have contact between Beam and
Membrane. Then this parameter defines at what distance between the Beam and the surface of the
Membrane. When this equals 2.0, then contact will start when one of the nodes on the beam are
2.0 meters from the Membrane-surface. If it is 0.0, then contact start when the distance is 0.0 m.
In our case, we have a rectangular shaped box of 4 x 4 m, and since we want contact to start
when the outer edge of the cross section hits the Net, we set Distance / Radius = 2.0. Unit is
meters.

Stiffness: is the spring stiffness of the contact. The higher the stiffness, the tighter the contact.
Damping stiffness: provides damping in the direction normal to the contact. This factor is
proportional to Stiffness. If an impact is elastic, the box will bounce back and if the impact is
plastic the energy of the impact will be drained, and the box will not bounce back. We assume
some damping and set Damping stiffness = 0.2.

Dynamic friction damping: this is a factor that is proportional to the stiffness in the tangential
direction to the element. This can be interpreted as a friction that prevents the box from sliding
back to the impact point. The factor is dependent on the relative velocity between the colliding
elements, and hence only works when we have a dynamic situation. We assume that when the
box hits the net, it can to some extent slide and set Dynamic friction damping = 0.1.

Static stiffness friction coefficient: is a friction force coefficient that is proportional to the
relative displacement between the colliding elements. This coefficient is constant and pulls the
object back to the impact point. We do not assume such effect in this case and keep Static
friction coefficient = 0.

Max initial distance: when establishing contact between two component groups, AquaSim, will
keep tract of the position and relative distance between all elements in all timesteps. If you have a
large model with many elements, this can contribute to slow down the analysis time. Max initial
distance adjusts when AquaSim should start to include contact between elements in the two
component groups. If this is equal to 0, contact will be established from the first time-step. If this
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is greater than O, contact will only be established when the distance between the elements is equal
or less than this value. Since this is a small model, we keep Max initial distance = 0.

We accept this table and select OK.

2.5 Analysis
Go to the Export menu to open the Normal tab in the Environment widow. We should now conduct a
dynamic analysis. Analysis is run without current, waves or wind. This is seen in the highlighted load line

section.

Bl Environment et
Normal % | pirectional %+
%] Hr Amp][m T[s W[deq] cx[m/s] [<d[ul weX[m/s] w[m/s] Comment Group
| 1 | u| 1‘ u.o‘ 0‘ 0‘ 0| 0| | 01
Add Edit Delete Import Generate iregular sea Generate iregular wind oK Cancel
E Time serie [[] Create max out file £
Preincrement 3
Max iterations pr step 5000 []Export groups
Mum total steps for waves 300 Automatic grouping
Num steps for one wave 0 Deletz AVS files after run
Convergence criteria 1E-3
Change dynamic convergence criteria 0.0 Analyse immediately after export
Current reduction type Deformed by current and waves j [[] Enable low priority processes
Infinite depth ]
NS gep : [T Omit PFAT files from analysis
Depth (wave profile) -1.0m
[ Cresting wave factor 0.0 Verify model when exporting
Bl Bottom [ Split fle by timesteps 100
Bottom contact
Bottom depth 100.0m [[] Extract timestep range
Use terrain as bottom O o | [zaussim_2_18 rez.exe MES Expart .
MMMMMMMMMMMM tn

Figure 9

We set Preincrement = 5. As the vertical displacement of the box will be large over a short period of time,
one must consider increasing the number of steps in the dynamic part and reduce the convergence criteria.
Setting Num total steps for waves = 300 and Num steps for one wave = 50 will result in an analysis of 6
seconds when wave period T = 1. This should be enough for the box to hit the net.

Select Export in the lower right corner and save the analysis a suitable place on your computer. Select
Export and Start the analysis.

¥ Analyse - m} X
Run location: | Local ~ Download al
. run_01.txt: analysing... Est. time remaining: 00:00:41
|
Show messages Open

Start all Open folder Create max out Close

Figure 10

The analysis should take a couple of minutes to finish.
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2.6 Post processing analysis
We open the .avz-file in AquaView and select Result > Local section forces > Axial force [N] to see how

the axial force in the Suspension rope develop when the box hits the net. Start the playback and watch the
animation.
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Figure 11

In the figure above, the axial force in one of the Suspension ropes are plotted. One can see that the forces
increase and fluctuates when contact between the box and net is established. There are some fluctuations in
the force, and the time-stepping settings may need more assessing to find the best fit. Fluctuations can also
be due to the Suspension ropes being soft and that resonance effects may play a role. The user is encouraged
to first establish simplified models of the problem investigated and conduct sensitivity studies to find a
suitable combination for time-stepping and impact-parameters for the contact.
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Other results in AquaView that is of interest is the ones found in Result > Contact. Here you can plot
relative distance between elements, forces that arise from impact and damping forces. In the below figure,
the relative distance between the box and the net is shown.
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Figure 12

2.7 Summary

This case study introduces how contact can be established between elements in AquaSim. This is done by
analyzing a box that is free to fall into a net. The basic principles of establishing a Component contact-table
with its parameters are explained. When deciding for values of these parameters, the user should assess the
nature of the problem; what type of structures are to interact and material properties. Can the impact be
considered elastic or plastic, or something in between? Is damping substantial? In addition, the time-
stepping settings in the Export menu should be subject to investigation; should the number of steps be
increased, and the convergence criteria lowered to make sure that essential response is captured? This can be
evaluated through a sensitivity study for example.

At last, an analysis is run to demonstrate how impact and collisions can be resolved and which result options
that is available for contact simulations.
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3 Revision comments

Revision no. Comment
1.0 First publication

--- End of document ---
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