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Extraction of Acoustic
Cavity Modes

Actran Student Edition Tutorial



Workshop description



Introduction

« This workshop introduces the modal extraction analysis for acoustic cavity and proposes an application case on a
simple cavity

* The objectives of this workshop are the following :
* Get introduced to acoustic cavities and resonance

* Get introduced to the modal extraction analysis

» Software version
» Actran 2021.1 Student Edition
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Workshop description

» The cavity is assumed rigid at its boundary, only the

4

acoustic part is modeled
» Afinite fluid component is defined

Modal extraction is only suitable for real system (no

Imaginary part) so the model cannot include damping
mechanisms

|  hexagonmi.com

Finite fluid component
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|
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Analytical solution

» Let us consider a plate with the following properties:
L, =0.75m
« Size: L, =04m
L, =0.65m

* Fluid properties:
* Speed of sound ¢ =340m/s
« Density p = 1.225 kg/m3

» For rectangular cavities, analytical eigen-frequencies can be calculated using the equation below

c /iy’ jz m\*
fijm_zwz-l_g-l_z
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Workshop pre-processing
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Start ActranVI

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

l FFT

Actran [Student_Edition_2021.1]
Ac

ActranV| [Student_Edition_2021.1]

PLTViewer [Student_Edition_2021.1]

(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

* Create a structured mesh

File 1 eI Mesh IAnaI‘ysis Run Results Tools View Help
@ W & e @ @ € B P,La © 089 @

@ BDOF

Impert  Import Creation || Edit urface  Veolume Transform Export All Create Partitions Measure Info  Mesh Open Picking | PID | Element Nede Subelement
Recent  New j CAD Meshes All Domains Quality Options Panel
- - - - - - - - -
Mesh £ Box Is Export Domains Partitions Mesh Info Picking Options
oE ﬂ Topolegies
& Materials @1 Circle
[7] Tables @1 Ellipsoid

| Analysis
~ (&> Vicual

&1 Points

» Enter the following values for dimensions and discretization A Structured mesh X .
and create the PID -~ options
Lx = 0.75 m Corner position

L4 DImenSIOnS: Ly = 0.4 m F{Ootation angle . '

LZ = 0.65 m Dimension
0.75 0.4 0.65

Subdivisions

15 g 13

=« Preview

V| Active | @ e

- Save

New topology ~ ||| [l Create PIDs 6
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N, =15

« Subdivisons: N,, = 8 (element size: 0.05 m)
N, =13

* The mesh can be visualized before creation




Create the domains

Humel Mesh I Analysis Run Results Tools View Help
ﬁ NFF ﬁ L . el s ﬁ
W R & @ @

5§ BDF

B PrAra & @89 ©

Import  Import Creation Edit Edge Surface Volume Transform Export All Create Partitions Measure Info  Mesh Open Picking PID | Element MNode Subelement
Recent New g§jcap Meshes All Demains Quality Options Panel
- - - - - - - - -
Mesh Meshing Tools Export Domains Partitions Mesh Info Picking Options

$

 Automatic domain creation

EE “‘mlﬁh Auto create based on PIDs

o T Taar domain « One domain per PID

o 3 ?; rstitt::cntsured_n-.eshl

YL INETNRER-M - Domains link PIDs to the
group of one analysis objects
or several - Domains decouple the
PIDs topology from the analysis
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Create the Modal Extraction Analysis

Add a M_Oda| « A Modal Extraction is a computation procedure which
Extraction provides computes the specific modes of a structure or an
analysis acoustic volume

* Modal Extraction 2 ¥ e W

|Modal Extraction | &
bt
I

Unit System | m -kg -5 (SI) » | &= ¥

~ Frequency

*Frequency Range
: » He
L 1] % Trim Analysis
*® .| Parametric Trim Analysis
o % EA Analysis = Modes Extraction Options
:g ¥ Virtual SEA Analysis
~ Time Demain Analysis « (Axi)s ymmetry

* Damping

~ More...
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Specify the frequency range of interest (1)

The wavelengths must be captured in the

cavity

Largest element length drives the max. frequency (smallest wavelength)
6 linear elements per wavelength are used

Element length is 5 cm

Maximum frequency supported by the mesh: 1133 Hz

C )

fmax Amin

» frax = 1133 Hz

Amin = 6 * Lyygy

J
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Specify the frequency range of interest (2)

Set the frequency

_ : * Frequency range: -1 Hz to 1000 Hz
rage in analysis (-1 Hz is set to make sure the breathing

properties mode close to 0 Hz is captured)

" Modal Extraction 1 X

|Modal Extraction | &
Unit System | m-kg-s (51} | &= ¥

=~ Frequency

*Frequency Range
-1 1000 Hz

+ Modes Extraction Options

= (Axi)lsymmetry
* Damping

* More.__.
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Create a Finite Fluid component (1)

Home Mesh Analysis Run Results Tools View Help

ﬁ Structure C
Import New New Materials Import Structure Porous
Analysis  Analysis  Utility Material B Misc
- - - - - bl .

Analysis Materials Finite Fluid

©i ~ @ Topologies £ Infinite Fluid
4 Modal Acoustic

:Eé‘ji: Viscothermi

g ~ §ij TOPOLOGY 1
o * Mesh
-_ .

Sl -

Add a Finite Fluid

component

Set up the Finite Fluid

component domain
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'ﬁ' acoustic 1

Finite Fluid = ||acoustic

|1 B

» Component Definition

*Material

* B 4
Power Evaluation

RS/

= Thermodynamics & Flow
* More._.
=~ Domain Assignment
v| 0D [v| 1D [V| 2D (V| 3D ||Enter text to match | % & @

~ @§i TOPOLOGY 1

Al 1
v i’ Structured_meshll 9
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Create a Finite Fluid component (2)

Define a

NEVEEIR{]]
air

'n' acoustic 1 X

« Add a Fluid Material
 Let the values by default :

® C
* p

340 m/s
1.225 kg /m?3

Finite Fluid -

|acoustic

1 B+

» Component Definition

*Material

Power Evaluation

& Fluid Material

* Thermodynamics & Flow

- | i@ Perfect Gas Material
i Water Material

Close both property windows (material &

component)
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£ acoustic 1 @ fludl X

Fluid Material « | |fluid

[[1 &

@

Unit System | m - kg -5 (51} « | g;j {}

+ Fluid Properties

Sound Speed

|Default - 340.0

LESIN

Fluid Density

|Default - 1.225

kg m| [o.|

@ @

~ Damping

Damping

|Default - 0.0

= Aerodynamic Fluid Properties
* Viscothermal Fluid Properties

* Used In
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Post-processing parameters — FRF

Mesh Analysis Run Results Tools View Help Postprocessing

@ @ § ’ 5 # ‘, O § < Coupling Surface $ $ & ) r“] ) '

i Interface

Import Materials Acoustics Structure Porous Acoustic Structure Asro- Tables
Ana it  Analysic Excitations Excitations Acoustics
I;rs .rS-I - . ~ +mr¢ - Ex -I i Exci 3! o uu- i .
Analysis Materials Components Connectors Boundary Conditions Various

Create an output
FRF post-

processing @ _ This FRF file will contain the
parameter NOTE |ist of the eigenfrequencies

Specify the
name of the 7 Modal Extraction 2 b Qutput FFlFIiB - X
OUtpUt flle =~ Main Output File

Output Filename

Ieigenvalues.plt | i Q

Close the

property
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Post-processing parameters — Maps

Home Mesh Analysis Run Results Tools View Help Qutput FRF

I'-I‘j ) v ) # ﬁ O," < Coupling Surface & $ &

I—l ﬁ = . Field Point
= ¥ Interface 2 ) 2 - .\ Storage Mode
Impart Mew Materials Acoustics Structure Porous Acoustic Structure Aera- Tables Qutputs | Maps
Analysis  Analysis o More » | Excitations Excitations Acoustics ", Storage Element
Analysis Materials Components Connectors

Boundary Conditions

Various

IF outputMapl X
Add an Output oo E
Map pOSt— =~ Main Output File
processing

*0utput Format

% {}
parameter eﬁesulﬁ Filename |
modes .nff =1

« Postpro Component Definition

H{}
Specify a map in *.nff format to Output Request

' | A=}
be saved in the whole mesh, at

eaCh frequency Step ~ Additional Output Options

+ Domain Assignment

v 0D & 1D v 2D W 3D ||E|'|tE|' text to match || " E

~ @ TOPOLOGY 1
Al 1

W Structured meshl e (‘ HEXAGON
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Check the analysis

The Analysis setup is how

complete

All the parts of the Analysis
are available and editable on
the data tree panel

Check if the data tree Is

identical to the one shown
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~ @ Topologies
~ @] TOPOLOGY 1
] Mesh
- ‘i’ Domains
» WAL
~ @ Structured_meshl
b @ Structured mesh.1l.linear.3.0.0
[y Partitions
v @ Materials
b fluid 1
[ Tables
- Analysis
- Modal Extraction 1
- @ Components
- ﬁ acoustic 1
- i’ Scope
@ Structured_meshl
‘%, Density
“#% Pressure
"%, Speed of Sound
“% Temperature
% Velocity
@ fluid 1
4F Connectors
4t Boundary Conditions
- [l PostProcessing
L2 Output FRF
~ [T Output Map 1
~ @ Scope
# Structured_meshl
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Launch the Actran analysis in ActranVI

1

me Mesh Analysis m Results Tools View Help

Launch the

computation Export | Run
Analysis

Export and Run

Check the log
showing the
computation

progress

Import the

Wr {time: @05, total: 04s, mem: 161[165]MB)

total disk space
- current directory
- scratch directory
Resources usage:
free disk space

resulting maps

- current directory

- scratch directory 761GB
free physical memory 55049MB
peak process memory 165MB
The generated report file is stored in the 'C:\\Users\\gaetan.jacquemini%OneDrive - Hexagon\\Documents‘\\Material update ULB\\temp\\report.ModalExtr_1019101556' directory
. done ( Writing rum repert ) (time: 00s, total: 04s, mem: 172[1B4]MB)

Tue Oct 19 10:16:04 2021

End of computational job
~“raonen TUsE gactadn. jacqueminyOneDrive - Hexagon‘\Documents\Material update ULB\temp\ModalExtr_1019161556.edat]"”
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Post-processing



Check the Eigen Frequencies

21

Open the

eigenvalues.plt
In a text editor

hexagonmi.com

* The eigen frequencies a reported in
the first column

BEGIN LOADCASE_INDEX

10

END LOADCASE_INDEX
BEGIN UNIT_SYSTEM

SI

EMND UNIT_SYSTEM
BEGIN OUTPUT_FRF
BEGIN TITLE
Actran Analysis

END TITLE

BEGIN DOMAIM Acousticl "acoustic"

/* NFreq NLdCase MNRes

36 1 5]

P
/¥ Freg Loa

1.7424708379351e-05

2.2708117039071e+02
2.6217532814845e+02
3.4684544199684e+02
4,2773585380152e+02
4.5665443352021e+02
4.8427659305211e+02
5.0169100382943e+02
5.2656355204708e+02
5.2818195948024e+02
5.5069022259794e+02
5.7492785660135e+02
6.2569260201375e+02
6.7840042377671e+02
6.7965737173453e+02
6.9123361214043e+02
6.0821877234895e+02
7.1658914291592e+02
7.3928330785885e+02
8.0189160001439e+02
8.1287260200767e+02

Case

[

[ N s e e e e e s N e e N T T T e =

Code of mass
100
Mass

Code of mmass

1401
Modal_Mass

109
ME

2.38875000000002-01, 0.0000000000000e+00} { 1.0000000000000e+00,

{

{ 2.3887500000000e-01,
{ 2.3887500000000e-01,
{ 2.3887500000000e-01,
{ 2.3887500000000e-01,
{ 2.3887500000000e-01,
{ 2.3887500000000e-01,
{ 2.3887500000000e-01,
{ 2.3887500000000e-01,
{ 2.3887500000000e-01,
{ 2.3887500000000e-01,
{ 2.3887500000000e-01,
{ 2.3887500000000e-01,
{ 2.3887500000000e-01,
{ 2.3887500000000e-01,
{ 2.3887500000000e-01,
{ 2.3887500000000e-01,
{ 2.3887500000000e-01,
{ 2.3887500000000e-01,
{ 2.3887500000000e-01,
{ 2.3887500000000e-01,

L s T e Ta T T

0.00000000000002+0073 {
0.00000000000002+0073 {
0.00000000000002+007} {
0.00000000000002+007} {
0.00000000000002+007} {
0.00000000000002+007} {
0.0000000000000e+007} {
0.0000000000000e+007} {
0.0000000000000e+007} {
0.0000000000000e+007} {
0.0000000000000e+00} {
0.0000000000000e+00} {
0.0000000000000e+007} {
0.0000000000000e+007} {
0.0000000000000e+007} {
0.0000000000000e+007} {
0.0000000000000e+007% {
0.0000000000000e+007% {
0.00000000000002+0073 {
0.00000000000002+0073 {

A AR AR AR AR AR AR o T T

1.0000000000000e+00,
1.0000000000000e+00,
1.0000000000000e+00,
1.0000000000000e+00,
1.0000000000000e+00,
1.0000000000000e+00,
1.0000000000000e+00,
1.0000000000000e+00,
1.0000000000000e+00,
1.0000000000000e+00,
1.0000000000000e+00,
1.0000000000000e+00,
1.0000000000000e+00,
1.0000000000000e+00,
1.0000000000000e+00,
1.0000000000000e+00,
1.0000000000000e+00,
1.0000000000000e+00,
1.0000000000000e+00,
1.0000000000000e+00,
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Calculated vs analytical eigenfrequencies

« The first eigen-frequency is very close to 0 Hz: it is the cavity breathing mode

« Eigen-frequencies found by Actran calculation are close to Analytical values

22

Mode (i X j x m)

1x0x0
OxO0x1
1x0x1
Ox1x0
2x0x0
1x1x0
Ox1x1
Ox0x2
2x0x1
Ix1x1

Analytical
226.67
261.54
346.09
425.00
453.33
481.67
499.03
523.08
523.37
548.09

Actran
227.1
262.2
346.8
427.7
456.7
484.3
501.7
526.6
528.2
550.7

Error
0.183%
0.244%
0.218%
0.644%
0.733%
0.542%
0.534%
0.667%
0.920%
0.474%

hexagonmi.com

Relative error:

. |fanalytic - factranl

fanalytic

4

d

* 100
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Home Mesh Analysis Run Tools View Help

Visualize maps (1) © [ & [~ : | B

Loadcase ID v
Visualzation Properties Cutplane Animatio
Postprocessing Results Selection Anil
2 Import results X TEEI 4
» Topology selector
Topology
| ToPoOLOGY 1 -

~ ] TOPOLOGY 1
# Structured_mesh.1.linear.3.0.0

Go back to

ActranVI

»~ Available results

[ Add result files - 8 Clear all imported results

* Local results
= |7 CAUsers\gaetan.jacquemin\OneDrive - Hexagon\Documents\Materi...

il I, Py I A2ATNE g NRA3=- g R R 3A

I m port the pressu re 3 FI|.1i|'.:|:‘\|Ir (fv} [VELOCITY] { ].'.-'42;'.-‘(!3?3350583;-05...584.3184352:..
results st

~ Import options

Fill with default value if needed

Impert specific loadcase
Fiber opticns
Element to Basic Coordinate System (stress/fstrain)

Nodal results in Local Coordinate System (displacement/rotation)

= Import selected results ‘

(‘ HEXAGON
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PLTviewser WaterfallViewer WorkflowManager

Utilities

¥ Clear all l

. . Home Mesh Analysis Run Results  Tools View Help Element sets
Visualize maps (2) o : B e
Q Visualzation § Froperties  Cutplane Ledeee = Anirmation Stop
Postprocessing Results Selection Animation
V|Sua||ze the © visualization X e X
map Of the real = Main parameters
part of the e
pressure results @ o
| Map -
Operator
eal Pa -
Select the —
frequency in the ‘ — ronty == Clear
ribbon to view the
mode shapes
File Home Mesh Analysis Run Results Tools View Help xtrat
| File | _Results _ Help
& NFF B—x @ 2 Result type: |freq - | | 227081 -
ﬁ ﬁ %4 BDF T T - Loadcase ID- | 1 - |
Import  Import Import  Visualization Properties Cutplane
Reu‘:'ent NEW & oP2 Results

Results Selection

Mesh Postprocessing
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Visualize maps (3)

/™ Freg Loz

8, ] -

2.2708117039071e+02

2.6217532814845e+02
T, 85280 e+

4.5665443352021e+02
4.8427659305211e+02
5.0169100382943e+02
5.2656355204708e+02
5.2818195948024e+02
5.5069022259794e+02
5.7492785660135e+02
5.2569260201375e+02
0. 784004237707 1e+02
0.7965737173453e+02
0.9123361214043e+02
0.9821877234895e+02
7.1658914391592e+02
7.30928330785885e+02
8.018916000143%e+02
8.1287200200707e+02
8.1882074032079%e+02
8.3342425925335e+02
8.5410641004825e+02

8.6993108284515e+02
8.7198022214917e+02
0.01063456278521e+02
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Increasing complexity of
acoustic pressure field with
increasing frequency
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Nodes of the cavity modes

The nodes of cavity mode are the locations where pressure is equal to zero

Map
PRESSURE
1.20e+03

851.

N

Nodes

-532.
-877.

-1.22e+03
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Conclusions



Conclusion

« The acoustic modes of a cavity were extracted

* The model involved
» A Modal Frequency Response analysis (FRF)
 Finite Fluid component for the cavity
 FRF and Map outputs to export the eigenfrequencies and eigenmode shape

* The results highlighted:
» A breathing mode
» Higher mode complexity as the frequency increases
* Presence of nodes where the pressure is zero
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Going further... (optional)
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Refining the mesh to increase model accuracy

» Refining the cavity mesh can increase the accuracy of numerical prediction of the eigen-frequencies. To refine the

mesh, two methods can be used

* Method 1: decrease the mesh step, for example, from 0.05m to 0.025m

e I Mesh I Analysis Run Results T
ﬁ & NFF ﬁ %‘ < @ ~ Options

& BDF

Impert  Impert Creation | Edit urface Volume
Flec'ent Nsw ¥ CAD

Structured mesh X

Corner position

Mesh & Box o 0 0
®® ¥ Topologies i Rotation angle
% Materials @ Circle
[7] Tables @1 Ellipseid o o 0
¥ Analysis P
- @ Visunl @ Points Dimension
0.75 04 0.65
Subdivisions
30 1 26
=~ Preview
Active | i
~ Save
30 | hexagonmi.com [*TOPOLOGY 1 = N-Create PIDs lI 9
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Refining the mesh to increase model accuracy

* Re-assign the domain

® & ~ @& Topologies

*% v‘*TDP-DL-DGY] w Structured_meshl X see W
.g - Mesh |structured_meshl | &
@ - 3D
o9 ~  LINEAR ~ PIDs
oy b @ Structured mesh 1 linear.3.0.0
[ 3] b @ Structured_mesh.2.linear.3.0.0 v/ 0D v 1D ¥ 2D ¥ 3D ||E"'t'5" text to match || s eV
o ~ & Domains # Structured_mesh.1 linear 3.0.0
o 4 All 1 V| # Structured mesh 2 linear.3.0.0

o

e

] St t d h1 I 2
® ﬁ ?j : l'l.l[ ured_mes g %/.l
artitions 2 X 2
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Refining the mesh to increase model accuracy

« Method 2: Change the mesh from linear interpolation from quadratic interpolation

©® ~ @& Topologies
0§ ~ @ TOPOLOGY 1

% - Mesh

o® -~ 3D

< -. ——)

o$ » W Structured_mesh.1 linear.3.0.0 0 i

oS ~ @& Domains é//‘l

°® » WAL w Linear element Quadratic element
L 7 ] b # Structured_meshl

HnmeI Mesh Iﬂnalysis Run Results 3. Reinterpolate X . X

@ J@' =~ Options

W 8 A
%4 BDF Target interpolation
|_QUADRATIC ~ | 9

Import  Import Creation
Set quadratic nodes position at edges center

R t M
EI.Z'EH EW TI- caD

Mesh

©® - & Topologies
% ~ @i TOPOLOGY 1 . Move/Copy - Save
.. - Mesh % Merge nodes

o - 3D -V Reinterpolate | Replace input PIDs I.Create PIDs I a
*® ~ LN A

32 | hexagonmi.com (‘ HEXAGON

o, Delete
“0 split




Improved Numerical Accuracy with Quadratic Elements Mesh

« Change the mesh from linear to quadratic interpolation increases the numerical accuracy as shown in the table below
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fanalytic

Mode orders Linear elements model Quadratic elements model

| j m Ana_lytical Num_erical Error * Nurr_lerical Error *
Solution (Hz) Solution (Hz) Solution (Hz)
1 0 0 226.67 227.08 0.18% 226.67 0.00%
0 0 1 261.54 262.18 0.24% 261.54 0.00%
1 0 1 346.09 346.85 0.22% 346.09 0.00%
0 1 0 425 427.74 0.64% 425.01 0.00%
2 0 0 453.33 456.65 0.73% 453.34 0.00%
1 1 0 481.67 484.28 0.54% 481.67 0.00%
0 1 1 499.03 501.69 0.53% 499.03 0.00%
0 0 2 523.08 526.56 0.67% 523.10 0.00%
2 0 1 523.37 528.18 0.92% 523.38 0.00%
1 1 1 548.09 550.69 0.47% 548.10 0.00%
1 0 2 570.08 574.93 0.85% 570.09 0.00%
2 1 0 621.4 625.69 0.69% 621.41 0.00%
*e = |f anatytic—factran| + 100 (‘ ‘ HEXAGON



Going Further

» Visualize how cavity modes are modified if the cavity dimensions are changed

« Compute modes of cavities of complex shapes ( external mesh is needed )

« Example = computing the modes of a car compartment is a frequently performed task in automotive NVH (Noise,
Vibration, Harshness) analysis
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