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Extraction of plate
modes

Actran Student Edition Tutorial



Introduction

« This workshop introduces the modal extraction analysis
for structures and shows an application case on a plate

* The objectives of this workshop are the following :
» Get introduced to structure dynamics
« Get introduced to the modal extraction analysis

« Calculate the vibrating modes of a structure using
Actran

» Software Version:
* Actran 2022 Student Edition

2 |  hexagonmi.com/FFT (‘ ‘ HEXAGON



Workshop description



Model description

Modal extraction of a rectangular plate
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Thin shell component

A thin shell component

Is defined
* The plate is modeled
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boundary condition is

« A O displacement
defined

Simply
supported
edges
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condition on plate edges
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Analytical solution

Let us consider a plate with the following properties:

« Size: Lx=0.75m, Ly = 0.40 m, thickness t = 0.003 m 3mm *
» Material properties: E = 7*10e10 Pa, v = 0.25, p = 2400 kg/m3 ?
» The plate is simply supported along the four edges

« Kirchhoff-Love model for Isotropic thin plate gives /\6(\
4 2 _ O
DV Wmn(XJ Y) — ptmmnwmn(}{: Y) =0 040
@,
* Which leads to eigenmodes
. /mmx\ . [(nnx
W, (X,y) =A4,,,sin ( )sm —_
L, L,
. . D [ rmm\? ni\’ Ft3 . . .
« And eigenfrequencies w,,, = |— (—) + | — where p — Is the bending stiffness
PLAN L, L, 12(1 —v?)
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Workshop pre-processing



Start ActranViI

« Start ActranVi.
» Shortcut is available through the Windows Start Menu

Ac

Actran | Student Edition

'Ac ActranV| [Student_Edition_2022]

I¥ PLTViewer [Student Edition_2022]

PR Actran [Student Edition_2022]

(Windows Start Menu)
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Set the working directory

Select the
workshop
Input

directory as
the working
directory

« The working directory is
the project directory
where all ActranVI
related files are output

The working directory path should not
contain any space or special character
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Home Mesh Analysis Run
[~ Load Actran 2021 Project Ctri+0
B Save Actran 2021 Project Ctri+5
B Save as new Actran 2021 Project

4 Load Session...
4 Load Recent Session b
4 Save Session..

~{ Impert Analysis

7 Impert Recent Analysis

&) 'mport Mesh

&) 'mport Recent Mesh

- v | T v

+ Export Image...

[~ Set Working Directory... I

Settings

{4 Clear All Ctri+N
Idle Mode

3 Exit Actranwi

ActranVl d
Working directory: ;I C:\Users\...\Current_Workshop\input D:EI

OK || Cancel |




Create the mesh
General introduction

« ActranVI includes some meshing tools allowing to design meshes in order to build an Actran analysis. These meshing

* Meshing tools can be found in ActranVI toolbox,
under Mesh tab - Meshing tools

9

tools are used to create the mesh needed for this workshop

Two element sets must be created:

* One 2D surface mesh element set to support the plate (thin shell component)
* One 1D edge mesh element set to support the boundary condition

Select the

Structured mesh
meshing tool
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Impeort  Import

Recent
A

New
R

Mesh

¢l Circle
¢ Ellipsoid
41 Points

Thin shell component
2D element set
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Create the mesh
Create the 2D element set

10

The 2D element set is a rectangle with length
e Lx=0.75SmandLy=0.40m

The target element size is 0.025m (mesh subdivisions
are set accordingly)

The created mesh will contain linear elements

The Structured
Mesh function

Adjust the
function
parameters to the
problem definition

can be used to
create the plate

@ sStructured mesh X e X

= Options

Corner position

0] V] 0
Rotation angle
0 0 0
Dimension
0.75 04 0
Subdivisions
30 16 4
~ Preview

]

-~ Save

| New topology = |I. Create PIDs e

The element set
mesh using the can be created by
interactive clicking “Create

preview PIDs”

Pre-visualize the

|  hexagonmi.com/FFT
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Create the mesh
Create the 1D element set — Skin

« The 1D element set must be created on the free edges
of the previously created 2D element set to apply the
boundary condition

 The Skin function can be used to create the element set:

* On the meshing tools toolbox open the Skin
function

« Select the plate element set by clicking on it in
the graphical tree (or CTRL+click in the render
window): the selected element will color in red

e Click on “Create PIDs” to create the 1D element set

* The mesh needed to run the analysis is now ready and

will be used to setup the analysis and run the calculation
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V| Suppress interfaces

5 .Create PIDs

Analysis Run Results Tools View Help

& NFF n i (@
@ W R X ¢ @ @
Import  Import Creation Edit e | Surface ‘Volume Transform Export All

FleE’ent New § CAD . . Mes‘.,hes

Mesh Me F|II holes
| @ TOPOLOGIES @ & O Surface mesh
* - ﬂ *TOPOLOGY 1 Exterior Shrinkwrap
b Mesh Interior Shrinkwrap
O - 2D Mesh on mesh

ConvexHull

LINEAR.
# Structured _mesh.1.lin__.
k mains

Quads to Triangles
%y Partitions d

Flip Normals

Split by Angle

Intersection

[l || ANALYSIS

LC )




Create the domains

Humel Mesh IAnaIysis Run Results Tools View Help MS

(] e P l,f":'-
8 8" & XN e e @ @ | €| B T P
Import  Import ﬁBDF Creation Edit Edge Swurface Volume Transform Export All Create Partitions Measure Info  Mesh
REEFnt Nsw % CAD . . . . . . Mesvhes All Demains Quality
Mesh Mes hing Tools Export Do mains Partitions Mesh Info
' Auto create « Automatic domain creation
: based on PIDs
| TOPOLOGIES ® & O pe) domain .
~ @ *TOPOLOGY 1 oY) * One domain per PID
¥ Mesh .g
~ @ Domains oy
11 o9
+ @ skinStructured_mesh2 o9
¥ ructured_mesh o9 . .
o USSR - Domains link PIDs to the
analysis objects
Sflp OGS Ei  Domains decouple the
several PIDs P .
topology from the analysis
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Rename the domains

 SkinStructured_mesh2

- Simply_Supported Edges
Structured_meshl

—>Thin_Shell

Rename both

domains .

|| TOPOLOGIES @ & O P
~ @i *TOPOLOGY 1 oK
] Mesh L]
~ @ Domains L ]
All 1 L 7]
» ‘@ skinStructured_mesh2 oK
» Structured_meshl L ]
Partitions
13 | hexagonmi.com/FFT

| ToPOLOGIES @ @& O P

~ @} *TOPOLOGY 1 L 7]
¥ Mes h -9
~ @ Domains L ]

All 1 L]

SkinStructured_mesh2

0! Structured_meshl

¥ Partitions

e®

X2

- Simply_Supported_Edges X

aﬁmply Supported Edgesl

= PlDs

W 0D & 10 v 2D | 3D ||E|'|tE|' text to match

# Structured_mesh.1 linear.2.0.0
| # SkinStructured mesh.2.linear.1.0.0

| TOPOLOGIES @ & O P
* @i *TOPOLOGY 1 L=

[ Mesh .g

~ @ Domains L 7]

all 1 7]

» @ Simply_Supported_Edges L=

» @ Thin_Shell L 3
Partitions
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Create the modal extraction analysis

Me*shl Analysis IHun

Y @&

Mew Materials  Import Ar
Utility Material
St

e

“ Direct Frequency Response

Anal
A Modal Extraction is |& [ o “ Modal Frequency Response 1
Add a Modal computation procedure which § | | 5 TmAnabsi

Extraction provides the modes shapes - S
analysis and natural frequencies of a  Virtual SEA Analysis

System ) - Time Domain Analysis

Modal Extraction

- Parametric Trim Analysis

% Coupled Modal Extraction
1 DGM Time Analysis

~ Compressible Flow Analysis
% Potential Flow Analysis

= Pellicular Analysis

% External Matrices Analysis
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Specify the frequency range

The plate bending

wavelength must be
captured

« Maximum frequency (smallest wavelength) is
driven by the largest element length

 For linear elements, 10 elements per bending
wavelength can be used (rule of thumb)

* Mesh largest element length is 0.25m
- maximum frequency is 500Hz

E
“pend = | O t\/lZ.p. (1—2)
\

Anﬁn —

Chend

10 * Lingyx

fmax

The modal extraction starts at -1Hz to
NOTE make sure that rigid body modes
(numerically close to OHz) are calculated

Define the
range of - This analysis is
frequency for performed from -1Hz to
modal 500 Hz

extraction

¥

| Modal Extraction 1 iB

|Modal Extraction

Unit System |m-kg-s (S} ~ | @ ¥

=~ Frequency

{Hz

*Frequency Range
0—1 500

* Modes Extraction Options
* (Axi)lsymmetry
* Damping

* More...




Create the thin shell component
1. Create a new thin shell component

Add a Thin shell component

Specify the name of the Thin
Shell component: thin_shell

Create a new Isotropic Solid

Material (Defined by its Young
modulus and Poisson ratio)

16 | hexagonmi.com/FFT

£ thin shell1 X

Thin Shell

» Component Definition

*Material

¥Thickness

[0.003

Power Evaluation

* Orientation & Direction

= Additional Outputs

Ho me Mesh Analysis Run Results Tools WView He
szo] 50 5o i Viscoth
! i i pisa
£ Structu
Import MNew MNew Materials Import Acoustics |Structured Forous
Analysis  Analysis  Utility Material 8 Mmisc
ke ~ ~ ~ ~ ~ ¥
Analysis Materials £ Solid
|q | TOPOLOGIES ® & O P iSD“d Shell
¥ | @] ToPOLOGY 1 [ 7
b Mesh oy £ Modal Elastic
| ~ @ Domains o9 £ Beam
WAL L] & stiffener
+ @ simply Supported Edge o9 £ Discrete
RN *°® £ Point Mass
¥4 Partitions
vp 1 (active)
O T Fe

Isotropic Solid Material (Young-Poisson)
@ Isotropi
o Transverse Isotropic Material

@ Crthotropic Material

¥ Composite Solid Material (External Properties)

olid Material (Lame]

i3 Composite Solid Material (Lavers)




Create the thin shell component
2 — Set up the Isotropic solid Material

Set the name
of the material
component:
materiall

Set Standard « Young modulus: 7e+10 Pa
properties of EEERISEE TR ¥
aluminum - Density: 2400 kg/m?3

Close the
material

properties
window

17 | hexagonmi.com/FFT

# thin shell 1 @ materiall 1 E X I

Isotropic Solid Material materiall
Unit System | m - kg - ﬂﬁlé | & O

=~ Elastic Properties

#¥oung Modulus

|70000000000

*Poisson Ratio

|0.25

*Solid Density

|2400

« Damping

Camping

[Default - 0.0

* Used In

(‘ HEXAGON




Create the thin shell component
3 — Assign the Domain

Define the

thickness of
the shell

Assign the
Thin_Shell
domain to the
component

Close the

component
properties
window
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£ thin_shell 18

X
Thin Shell « | |thin_shell [[1 B3]
» Component Definition
*Material
| @ isotropic 1 * | B
*Thickness
0 0.003 m
Power Evaluation
| K
= Orientation & Direction
= Additional Outputs
Al = Pre-Stress
* More...
=~ Domain Assignment
v 0D | 1D v 2D v 3D ||Enterte>:tto match... | % -

~ @i TOPOLOGY 1

WAl

¢ Simply Supported Edge

g V& Thin_shell
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Create the simply supported boundary condition

Ho me Mesh I Analysis IF{un Results Tools WView Help Boundary Conditions

oo o wo _5@%_ Viscothermal = | “%= Coupling Surface Mt Acoustic Treatments -
| [ bl et

## Structure Connectors » | €% Interface
Import MNew MNew Materials Import Acoustics Structure Porous Acoustic Structure A
Analysis  Analysis  Utility Material £ Misc « | o More » | Excitations Excitations Aco
- k3 w . k. - e L v e w
Analysis Materials Components Connectors Boundary Condi *' Rotation
Add a neW 3'- displacement 1 TTE 4
Dlsplaceme Dis placement « | |displacement [l1 |=| @

» BC Definition

+*BC Feld
Set the @ 0 0 0 I (&
boundary

o * Visualization
condition
properties - More--

= Domain Assignment

Close the v 0D [V| 1D (V] 2D [¥| 3D | |Enter text to match. | &
properties ~ @} TOPOLOGY 1
All 1
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Set the post-processing parameters

Home Meshl Analysis IRun Resultd |

Add an @ E E ﬁ ﬁ I E :;:L.Dadcases'
OUtpUt FRF Import Mew Mew Materials  Import Acoustics o Tables FH Fields -

pOSt- ﬁ.na‘lzrs is ﬁ.na‘lzrs is Utility Material | . ’ More -

c Analysis 'Materials . | Various
processing

Define the name of the % Output FHFm

¥ '_ Storage E

output file
natural_frequencies.plt

= Main Output File

Dutput Filename

el natural_frequencies plt |

Close the

property
window

20 | hexagonmi.com/FFT

’ 2, Field Pain

A\ Storage b
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Set the post-processing parameters

Add an
Output Map

post-
processing

- [N ey PO

5 B0V e

Import New New Materials Impert
Analysis  Analysis  Utility Material
R R R A

Analysis Materials

-[ TOPOLOGIES @ & J

Define
parameters
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Close the

property
window

.\ Field Point
., Storage Node

.. Storage Element

[T output Map 1 m

X
|Output Map [[1 BN
=~ Main Output File
*Dutput Format
| NFF MK
Results Filename
|mode_shapes.nff il |

e + Postpro Component Definition
Step
11 ES
QOutput Request
I *E
= Additional Output Options
=~ Domain Assignment
v 0D | 1D v 2D ¥ 3D ||Er1tertextto match... | & &

~ @} *TOPOLOGY 1
WA

Simply supported Edges
V| ® Thin_Shell




Check the analysis

The analysis set-up Is

now complete

All the parts of the
analysis are available
and editable on the data

Check if the data tree Is

Identical to the one
shown
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tree panel

| TOPOLOGIES @ @& O P
- @} *TOPOLOGY 1 o
- Mesh o®
>~ - 20 o®
- LINEA&R o
# Structured mesh.1linear... O
* 1D oS
b LINEAR o$
~ & Domains o
WAL Ll
~ @ simply Supported Edges o
# SkinStructured mesh.2linea... O
~ @ Thin_Shell o
# Structured mesh.1 linearz.0.0 O @
Fy Partitions

| ANALYSIS

~ [ Modal Extraction 1
- O Components
~ & dshell 1
L4 i Scope
“% Initial Displacement
“s, Initial Rotation
‘% Offset
“& Reference Direction
‘"% Tension
“#% Thickness
@ isotropic 1
£¥ Connectors
* Mt Boundary Conditions
- ill[l simply_supported_edges 1
L i Scope
‘% BC Field
= b PostProcessing
L5 Qutput FRF
~ [T Output Map 1
- i Scope
@ Thin_Shell

(‘ HEXAGON




Launch the Actran analysis in ActranVI

1

Mesh Analysis Results Tools View Help

Export Run

Analysis

Export and Run

[a€] Actran Student Edition — m|
=] Run queue & 1 Done
z Clearing all topologles, analyses, materials, tables and arrays {time: ©Us, total: US55, mem: LYS[ZU3]MEY
E . done ( Clearing all topoclogies, analyses, materials. tables and arrays | (time: 00s, total: 05s, mem: 195[203]1MB}
I aunCh the 2 done { Solution sequence ) (time: @1s, total: 055, mem: 195[2031MB)
n Post-run sequence. (time: 00s, total: 655, mem: 195[203]MB}
.
Loading topological information of File_topoleogy 1[C:\Users\bastien.ganty\scratch\pre_run_Actran_1_08.apf\69.nff] (time: 00s, total: 05s, mem: 195[203]MB)
... done ( Loading topolegical information of File_topolegy 1[C:\Users\bastien.ganty\scratch\pre_run_Actran_1_0.apf\69.nff] )} {(time: 00s, total: @5s, mem: 195[203IMB)
w
e Creating topolegical interfaces for File_topology 1. (time: 00@s, total: 055, mem: 195[203]MB}
s done ( Creating topolegical interfaces for File_topology 1. ) (time: ©@s, total: @55, mem: 195[283]MB)}
o
. Parameter iterater @ (time: 00s, total: 055, mem: 195[203]MB}
Finalize all post-processing operations (time: 00s, total: 05s, mem: 195[2831MB}
. done ( Finalize all post-processing cperations ) (time: 00s, total: 05s, mem: 195[283]1MB}
. done ( Parameter iterator @ } (time: 0@s, total: 055, mem: 195[203]MB}
]
E Clearing all topologies, analyses, materials., tables and arrays (time: 00s, total: 055, mem: 195[2031MB}
» . done ( Clearing all topologies, analyses, materials, tables and arrays ) (time: 00s, total: 055, mem: 195[203]MB}
‘ heCk the |O ShOWIn 0 done { Post-run sequence. ) (time: 00s, total: 055, mem: 195[203]MB}
—
x Writing run report (time: 80s, total: 055, mem: 200[203]MB}
- Local resources:
a total physical memory 32587MB
& total disk space
- current directory 238GB
> - scratch directory 238GB
— Resources usage:
free disk space
- current directory S56GB
- scratch directory S6GE
free physical memory 20166MB
peak process memory 203MB
The generated report file is stored in the 'C:\\Users\\bastien.ganty\\report.input' directory
done { Writing run_report ) (time: 01s, total: 065, mem: 214[224]MB}
End of computational job [} Wed Dec 22 14:33:25 2021
i ganty\input.edat]"
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Post-processing

Examine eigenfrequencies
Visualize Mode shapes in ActranVI
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Visualize field maps (1)

"c| Import mesh options Pt
F|IH Mesh Analysis Run m

i m @ |[@ & |ww= ]
o - - I
i v

EDF -
Impert  Import @ Visualization JProperties Cutp Display Mesh: ‘E}

R O =

Mes h Postprocessing

: Open the
Go back to Import the file Visualization

ActranVI mode_shapes.nff window

(‘ HEXAGON
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Visualize field maps (2)

Plot the Real Part of

Plot the Real Part of Displacement Displacement field as a

Deform

field as a color map

# Run @ visualization X e X » Run @ visualization X e M

~ Main parameters » Main parameters

Quantity Quantity

DISPLACEMEMNT - | DISPLACEMENT - |
Modules Modules

Map - | Deform -
Operator Operator

Real Part - | Real Part - |
Component Component

| Nerm v | | Norm - |

o | - Clear | o - Clear
= Apply = Apply
| ¥ Clear all | " Clear all
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Visualize field maps (3)

ash Analysis Run m Tool:

Open =4 i | =
PI’OpeI’tIeS Imp-nlr‘t Wis ualizatic Properties || Cutplane
Results

windows of
POSt‘ Postprocessing e
processing

Select the
deformed
displacement
plot

Adjust the
scale factor

27 | hexagonmi.com/FFT

B Run ‘@_ Visualization Froperties X

. DISPLACEMENT 1 (vp 1)
pilly DISPLACEMENT 3 (wp 1)

®= femove selected modules

« Main parameters

Scale factor mode

| absolute

Scale factor

o

J [ =[]

* Colormap




Mode shapes

» Select the natural frequencies of the modes

» The higher the frequency, the more complex the mode

shape is

« The amplitude of the displacement does not have a
physical meaning, the eigen vectors are normalized

using the mass matrix

o

Mode 1 (1x1)
f = 60.820Hz
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Mode 2 (2x1)
f=101.031Hz

an Tools View Help

Properties Cutplane

acessing

s
'@
'@
'@
'@
'@

Mode 3 (3x1)
f=168.931Hz

Result type: | freq

Loadcase ID: | 1

Properties

@ visualization

E DISPLACEMENT 1 (vp 1)

iy DISPLACEMENT 2 (wp 1)

Mode 4 (1x2)
f=205.431Hz

Results Sg

603209

101.031

168.931
. 205431
244 592
265.309
311.561
391.295
406428
453.373

(‘ HEXAGON




Mesh quality: impact on the
accuracy



Same Analysis with Coarser Mesh

« The ability to accurately compute eigenfrequencies from input parameters in Actran is highly dependent on the mesh
quality

 If the mesh is too coarse regarding the bending wavelength, it may not capture well the modes of the plate

« The provided input file input_mode_coarse.edat contains the same analysis using a coarser mesh. Eigenfrequencies
calculated with this mesh will be output in natural_frequencies_coarse.plt and mode_shapes_coarse.nff

« Based on the 10 linear elements per bending wavelength criterion used to define the frequency range of the modal
extraction, the maximum frequency for which the coarse mesh can be used is 120Hz

/”/.\.\\\ > ,/ // e
eSS 2 y h
Coeng = | @1 &S s Pe ¢ ¢ >
bend 2 : @
\/12'p '(1_ |4 ) /// / < /// /,// ///
S , s P | o
C \\.\\\ SIS /,/ \\\\\ e > >
end — bend f =0.503 for f =120Hz N 4 \‘\\ >
Mesh created during the workshop Coarse mesh used in input_mode_coarse.edat
Elements size: 0.025 Elements size: 0.05
30 i Y 4 HEXAGON
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[2c| Actran Student Edition 2021.1

Home Mesh Analysis Run
[~ Load Actran 2021.1 Project Ctrl+0D
H Save Actran 2021.1 Project Ctrl+3
H Save as new Actran 2021.1 Project

Run the provided analysis

4 Load Session...

4 Load Recent Session 3

3 Save Session

.7 Import Analysis

. Cansole

.{ Import Recent Analysis

&4 Import Mesh
#§ Import Recent Mesh

- v v w

Clear the
workspace

+ Export Image._.

O Infos

[ Set Working Directory...

Settings
gl $ Exit Actran\l ! |

Load the analysis
Input_mode_coarse.edat
defined based on a
coarse mesh

wo S
5 o &
Import Me w MNew Materials Import Acoustics Structure Porous
Analysis | Analysis  Utility Material

analyS|S as |n Analysis Materials Compan:
previous step
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Post-processing 2
[ic] Ho me Mesh Analysis Run m Toc
9 = =

i BDF

Import  Impert Impl::irt Visualizationl| Properties Cutplane
Reu.:'ent NEW’ ﬁgpz Results
Load the Mesh Postprocessing
mode_shapes_coarse.nff
reSUItS flle :'A-:‘. Import mesh options x
Viewports: | 1 | Me w |
" Display Mesh: a v
Perform similar post-
processing as in previous 4
step
Observe the difference
for the natural
frequencies
Mode 1 (1x1) Mode 2 (2x1) Mode 3 (3x1) Mode 4 (1x2)
32 | hexagonmi.com/FFT f: 6104 HZ f = 101174 HZ f = 170979 HZ f = 213212 HZ



Mesh quality
Eigen Value

« Eigenfrequencies computed using the coarse mesh are
accurate up to the second mode (~100Hz)

» For higher frequency modes the eigenfrequencies are
less accurately calculated (confirming the criterion used
for frequency range determination)

» Using the coarse mesh, the 8th and 9th modes do not
appear in the same order

« Having a sufficiently refined mesh is a prerequisite for
valid finite elements computation

33 | hexagonmi.com/FFT

© 00 N o o @~ w N P

=
(@)

Relative error calculation; ¢ =

1x1
2x1
3x1
1x2
2X2
4x1
3x2
ox1
4x2
1x3

60,912
101,380
168,826
203,181
243,649
263,250
311,094
384,653
405,519
440,295

60.821 0.1%
101.031 0.3%
168.931 0.05%
205,431 1.1%
244,892 0.5%
265,309 0.8%
311,560 0.1%
391,294 1.7%
406,428 0.2%
453,372 3%

|fanatytic = factran|
fanatytic

61.040
101.174
170.979
213.212
251.028
273.916
316.904
415.105
414.650
496.860

* 100

0.2%
0.2%
1.3%

5%

3%

4%
1.9%

8%
2.2%

13%
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Conclusions



Conclusions

35

This workshop introduced a structural modal extraction
on a plate and the mode shapes have been visualized in
ActranVI

The model involved:
* A 2D plate modeled with thin shell elements
» A displacement constraint on the plate edges

The results highlighted:

* Anincreasing mode pattern complexity as the
frequency increased

« The importance of having a sufficiently refined mesh
as a prerequisite for modal extraction

|  hexagonmi.com/FFT

« Going further:

 Investigate how plate modes are modified if the plate

properties change

* Young Modulus, Density, Thickness, Size of the plate

can be modified

« The plate edges can be clamped or supported on only

two edges

4

|
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