Introduction

1 Introduction

This report shows an example of the steps to take for setting up a Fluid Structure Interaction analysis.
The interaction will be between the codes SeaKeeping and RamSeries, both developed and
commercialized by Compass IS www.compassis.com

In this particular case, the interaction will be performed via a results file, obtained from a previous sea
keeping analysis. These results - Total Pressures - will be the load for the structural analysis.

Both the SeaKeeping and RamSeries FSI analysis models will be fully explained in this report.

The model used for the example is a ship, provided by Isonaval SA.

2 CAD Model

The complete CAD model, which use has been possible thanks to the courtesy of Isonaval SA, is shown
in the following images:
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CAD Model

The main dimensions of the model are the following:

° Lpp:26m
® B=6m
e T=24m

3 SeaKeeping Model

A sea-keeping analysis has been performed first of all, in order to obtain the time-domain pressure
distribution over the hull, due to the waves’dynamics.

This analysis has been performed with the code SeaKeeping developed by Borja Servan ( CIMNE/
Compass IS), and included in the Multi-Physiscs environment interface CompassFEM.

3.1 Domain Setting

The model for SeaKeeping requires an special configuration of the analysis domain, in order to optimize
the calculation. The following images show the main dimensions of the domain:
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Domain Setting

R=240, C=[-10.75,-10.02,0

R=30, C=[-1.425.-1.747.0

3.2 Ship Data

The data corresponding to the ship condition, and depth, are the following:
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Ship Data

body properties |degrees of freedom | external loads
Body properties

Mass: | 172533125 kg I fx
®G: |0 m -
YG: |0 m -
G 22 m L
Readii of gyration

R m w| B
Gil

Function variables

Function on | Matrix value for B w

fakrix walue For R
Ry (24 fm R, |00 f;;: Ry (00 f;;:
R R, | fz Roy |00 | [z

R R Ris |10 | f=

There are some parameters to define, which are related to the Bathymetry:

Problemn description

B atbwrnetny: Constant depth

Depth: 50.0 m
YWave absorpkion

Absarphion factor: 1.0

Beach: 180 m

Sammerfeld radiation condition

All degrees of freedom have been released:

Degrees of freedom

Surge
Sway
Heave
ol
Pitch
A
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Boundary Conditions

3.3 Boundary Conditions

The basic Boundary Conditions to apply, are the following:

Tdyn Data -

]
b 2= Simulation Type

[ 5= General D ata

[Ir Froblern description
[I" W ave enviranment
b B Time analysis

[Ir ﬁ? Murmerical setup

[Ir ‘ir' Body data

b @ Initial Conditions

= @ Boundary conditions

[Ir =% Body

[Ir =%x Free surface

[Ir =% Outlet 2

* =% B ottom v s .
ol e AT b

=% P Free surface

Gil x|

From up to down, and right to left, the images show the boundary conditions applied: Body,
FreeSurface, and Outlet.

3.4 Wave Environment

The Wave environment has been set to the following values:
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Wave Environment

Wave environmenk

Wave spectrum type: Pearzon Mogkowitz

m

2

deg
M ean wave period: 6.0 z
Sigrificant wave height: an m
Shortest period: 2 5
Longest period: 1 3

Mumber of waves periods; |
Mumber af waves directions: |5
Lower direchion: -15 deq

Upper direction: 15 deq

3.5 Numerical Data
The numerical data and simulation parameters, are the following:

Mumerical setup

Procesz=zor unit; CFU
Solver: Bi Conjugate Gradient
Precond.: LU

Salver tolerance:  1.0e-7
Salver max. iter.: 1000
Stability factor: .0

b ax. iter. time step:; | 20

T olerance: 1.0e-4

Time analysis

Simulation time: 150 3
Output step: 2 5
Start time recarding: | O g
Initialization tirme: a0 3
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Mesh

3.6 Mesh

Some care must be taken when assigning the mesh sizes:
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Mesh
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3.7 Results

There are different types of interesting results, which are worth being analyzed.

Free Surface (Wave Elevations [m])

Some stages of the analysis are shown below:

® Free surface
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Results
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Results

® Total Pressures

Body

24330
21680
18970

- 16260
13550
10840

- B129.5
5419.4
2709.3
= -0.71792

Total pressure, step 0 n
Contour Fill of Body. EII]
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Results

Body
20715
16858
13002
- 91451
5288.6
1432
-2424 5
-6281
-10137
-13994
&Y
Tetal pressure, step 100 m
Contour Fill of Body. ﬂ||]

Body
20033
15795
11657
- 7318.9
3080.9
-11572
-5395.2
-9633.3
-13871
-18109
&Y
Total pressure, step 120 n
Contour Fill of Body. [i||]

This Total Pressure result is the one used for performing the FSI analysis.

Also, plots for the forces hull, velocity, and movements of the hull can be displayed. Some of them are
showed in the following images, as example:
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Results

tovement heave [m) Time evolution
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Results

Face % [N] Time evolution
F 3

200000
150000

100000 ||

50000 |

i - . - R H-1H - J41

50000 i
100000 4\

150000

-200000

time [z)

Select graph: Farce —

4 FS| Model

A Fluid-Structure Interaction (FSI) calculation has been performed with the FEM structural analysis code
RamSeries (also developed and commercialized by Compass IS).

In this analysis, the pressure distribution obtained from the previous calculation (SeaKeeping) has been
used as a dynamic load.

This can be performed thanks to the interpolation algorythms implemented by Compass, which allow to
interchange information (pressures, deformations,..) between both the fluid (SeaKeeping, in this case)
and the structural finite element meshes.

4.1 Domain Setting

Due to the size and complexity of the hull structure model, only the lower part of it will be included for the
analysis.
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Domain Setting

il

4.2 Materials

For simplicity, the same material has been used for the whole model.
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Materials

+ T Materials

- Flid

[} X Beams

7 Shells

. hulsotropic shell

_ = 83 group: shells_Bmm

Edit Isotropic shell

Thickness: 0.00& m

I aterial: Steel MY-36
I Arié
I A

A Local Axes Open -

zhellz_Ermm

4.3 Boundary Conditions

@shells 6mm (1661

Elastic constraints have been used in this case, as boundary conditions.

This is somehow artificial but, since it does not introduce excesive ficticious loads on the structure, it has

been considered as a reasonable solution.

The spring stiffness has been calculated to allow a maximum displacement of =1.0 m (in both vertical

and laterall directions), for a force of F=3372709.2 N, which is three times the displacement (F=3*A) of

the ship for the load situation considered.
Therefore:

K = F/d=3372709.2 N/m

< &4 Conditions & Initial Data W
: ‘:?-ﬂﬁtruclural

. b &4 Fixed constraints
\i?-ﬂElastic constraints

b B9 group: springs vl
— | [}]

<

activation |values

Ackivation
[] ¥ Constraink

¥ Constraink
Z Constraink
[] B Constraink
[] By Constraint
[] Bz Constraint

[ Local axes s
g
2 \3:_};
points
springs %
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<]

R

: V L), Structural
I &3 Fixed constraints

- A3 Elastic constraints
I+ & group: springs v
o | (2]

activationl values |

Yalues

Y stifness: | 33727092 |[Nm  |w| fr
Z stifness: | 33727092 [N/m  [w| F

N-mide e
N-mide £
N-mide | f
o N S
points
TpIings %



Boundary Conditions

The condition has been applied to two points, one in the bow and the other in the stern, being both in the
longitudinal mid-plane of the ship.

Also, a fixed constraint has been applied at the stern, limiting the movement along the longitudinal
direction.

< k3 Conditions & Initial Data
- ﬂ‘ Structural
E : nFixed congtraints

b BooeeonstEnt [y
ackivation |values

~Ackivation
¥ Constraink

|:| Y Constraink
|:| Z Constraink
] B Constraint
] By Constraint
] Bz Constraint
[ Local axes A

|

ol
., g H
a X WA L
points | lines  surfaces  wolumes

Group: |><_-:u:-n$traint V| S, Select

4.4 Applied Loads
FSI Load:

This load is imposed to the hull surface below the floating line, which is the corresponding part of the
geometry where pressure results coming from SeaKeeping code are available. A mesh interpolation is
internally performed, for transferring the results from the SeaKeeping model mesh, to the structure
mesh.

Pagina 16



Applied Loads

Function wariables

] Function on geometry | Triangular load

Function on time Coupled load w
Coupled load

External file coupling

() Active

Analysiz. | SEAKEEPING v

Result: Tatal pressure -

File: FIMAL_FSl/modelo_F5S1_seakeep_4.gid/modelo_F5S1_seakeep 4 flaviares E?
[nitial time

Units:

i
i

Y

13

.I "
“-,_ e
e
s

i".l_
il

[ SeaKeep load (304) ]

Self Weight:

A load has been applied in order to simulate the weight corresponding to the depth for wich the

SeaKeeping analysis has been performed. The SeaKeeping code outputs the corresponding

displacement, and a distributed weight over the structure geometry has been calculated and applied:

Displacement: A = 1686354.6 N
Total model area: A = 590.59 m?

Load: q = A/A = 2855.37 N/m?

Therefore, the applied load is, finally:
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Applied Loads

23 Shells
‘?‘-EFIEHUIE Load
b 8 group: Selfweight_distib v

Edit Pressure Load

Load tppe: | global vl o,
Factar: 1.0 J=

# pressure; | 0.0 Fa d
Y pressure; | 0.0 Fa hd
7 pressure: | -2655. 37 Fa v
Sroups | Selfweight_distrib %, Select

[ SelfWeight distrib_load (1717) |

4.5 FSI Settings
In order to being able to perform the coupled analysis, some specific data must be inserted:

iZoupling data

Coupling type: From Extemal File W

Al & s W

MNumber of steps; | 75
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Mesh

4.6 Mesh

An unstructured, triangular mesh has been generated, just indicating an overall maximum size. This size

is 0.6 m, with a mesh transition of 0.6.

The total number of nodes is 25009, and the number of elements is 52771.

i

i
A
AL

Rty

TRT:
1

4.7 Results

Displacements

Diferent stages of the analysis are shown below:
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Results
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Displacements|

0.63029
I 0.61429

0.5983
-0.5823
0.5663
0.5503
0.53431
0.51831
0.50231
0.48631

step 0
¥ Contour Fill of Displacements (m), |Displacements|. .
Deformation ( x1): Displacements (m) of New combined 2 dynamic, step 0. [ill]

|Displacements|
0.50712
049192
047672
- 0.46152
0.44632
043112
041592
0.40072
0.38552
0.37032

step 100
Yontour Fill of Displacements (m), |Displacements|. .
Deformation ( x1): Displacements (m) of New combined 2 dynamic, step 100. [ill]



Results

|Displacements|
047236
' 0.45597
0.43958
- 0.4232
- 0.40681

[} 0.39042
 0.37403

0.35764
0.34125
= 0.32486

step 120
Yontour Fill of Displacements (m), |Displacements|. .
Deformation ( x1): Displacements (m) of New combined 2 dynamic, step 120. Ell]

Stresses

Stress (Von Mises) results are shown below, for a certain step of the analysis:

Von Mises Top
36708

l 2.6571e+08

23141e+08

| 1.9712e+08

. 1.62820+08

I 12853e+08

 9.4236e+07

5.0042e+07

2.5648e+07

-8.6456e+06

step 120 .
Smooth Contour Fill { Mean) of Von Mises Top (Pa). Ell]
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Results

Von Mises Top
22091e+08
l 1.9616e+08
1.7141e+08
- 1.4666e+08
- 1.219e+08
: 9.7163e+07
- 7.2402e+07
4.765e+07
2.2899e+07
-1.8529e+06

) step 120 v
mo Gil

Smooth Contour Fill { Mean) of Vion Mises Top (Pa).
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