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Information

« On computer at ULB (Linux), software is installed in /serveur/logiciels/actran/Actran_2021.1/

 To launch Actran VI:

> [serveur/logiciels/actran/Actran_2021.1/bin/actranvi

* You can download and install Actran student edition on your computer from:

https://www.mscsoftware.com/page/actran-student-edition
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Actran general overview
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Introduction to Actran

e Actran is an acoustic simulation software
package:
 Based on Finite Element Method

» Able to solve vibro-acoustic and aero-
acoustic problems

+ With efficient implementation and highly
scalable solver

« Actran is:

» Extensively used by engineers around the world
for various applications

* Validated against experiments

« Supported by a team of acoustic simulation
experts
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Typical engineering gquestions

* Noise prediction

+ Will there be a noticeable sound radiation?
What is the expected sound pressure level (SPL)?
What are the resonant frequencies (= acoustic modes)?
Will the sound change with operating conditions?
How about directivity?
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Typical engineering questions

* Noise reduction - what can we do to reduce
the noise?

* Geometrical changes?
- Decoupling of parts?
- Decrease sources/excitation?

* Absorbing materials?
+ Foams, trims, multi-layer composites
» Change the flow conditions? - -
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Typical engineering questions

« Sound is not always a problem!
- Efficient radiation of HiFi components
» Sound design of consumer products
* Musical instruments
* Sport cars
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Ferrari exhaust line

 Ferrari is using Actran to optimize the

8

components of an exhaust line
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Aircraft nacelle acoustic treatments @) AIRBUS

Al EADS COMPARMNY

Turbo fan engine in its nacelle
« Compute the acoustic radiation from the :
turbo fan engine s ) [ -

¥4 o

cold jet

« Design acoustic treatments

« Automated liner optimization program
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Auralisation of truck cabin noise

Reference (higher frequencies)

Airborne xS
engine noise
Auralisation
. . ‘ \\
Wind noise
Exhaust
noise

Structure-borne
noise
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Auralisation of truck cabin noise
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Actran Organization
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Actran Is a solver
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Finite element basics

* Actran is based on the finite element method

 Discretization of complex geometry in nodes
and elements - finite element mesh

Geometry

« Resolution of the system for all nodes ‘
according to the relationships between each
node

- — node
)
element
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Direct Frequency Response

» The vast majority of configurations are modelled using a Direct Frequency Response (DFR)
analysis

It computes:
the response of an acoustic system
to an excitation at the specified frequencies
for all finite element nodes

» The following equation system is solved by Actran:

with - Pulsation w = 2nf

(K + iwC — w?*M)x(w) = F(w)

System Unknown

stiffness matrix K

damping matrix C

mass matrix M
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Frequency response results (1/2)

» A Direct Frequency Response computes the  +« Example: frequency response of a monopole
response of an acoustic system to an pulsating at 1000Hz (slow phase animation)
excitation at specified frequencies

* The solution computed by a Direct Frequency
Response at 1000Hz corresponds to the

acoustic propagation of one or several
excitations pulsating at 1000Hz

» Results are output in frequency domain

(real and imaginary part)
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Frequency response results (2/2)

» Direct Frequency Response provides a « Time domain simulation of a monopole
harmonic response in frequency domain pulsating at 1000Hz:

« For a monopole pulsating at 1000Hz: / \

- Equivalent to a source pulsating harmonically

for an infinite amount of time
- Effect of the monopole pulsation is fully

propagated through space (no transition as for

time domain simulation)
Pressure at t=1.8e-3s Pressure at t=0.02s
(1.8 pulsations) (20 pulsations)

Solution on the computation

domain is equivalent to DFR
results with phase=0

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE,,,UUUUUUUUUUUUUUUUUUUUUUUUUTUTUTUTUTUTUTUIUIUIUIIUIUUOUUU Vi
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Actran Graphical User
Interface



Actran is supported by a Graphical User Interface (GUI)

Computation

Input
* edat

Ac| Actran
Solver
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ActranVI overview
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Ribbon

« Complete and organized layout

* Guided analysis set-up and post-
processing operations using ribbon
storytelling

) Storyline
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Actran analysis: data tree panel nodes

= |.° Analysis
= | Direct Frequency Besponse 1

- Components
~ 4§ Acoustic 1

» @ Scope

“%. Density

% Pressure

“%. Speed of Sound

Components
Direct Frequency @ emperatre Obijects Connectors

. Boundary
@ Air
= Comnesiors types Conditions

~| 444 Boundary Conditions |
b df source 1
© Loadcases

= pii PostProcessing

~ b Output FRF
v 2, field_point 1

- B ;“f;“t Map 1 Data Tree
- cope

W AL Panel

Response Analysis
parameters and objects
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Actran analysis: edit objects properties
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~ |7 Analysis
~ [ Direct Frequency Response 1
~ 4 Components
~ 4 Acoustic 1
» @ Scope

'S Density
‘S Pressure
'S, Speed of Sound
‘S, Temperature
‘S, Velocity
@ Ar1l

<% Connectors

v Bounda Conditions
Loa cases
v t:,_‘ PostPro
=) F7
» 2,; fie

~ [F Output Map 1
~ & Scope

Vv AL

Double-click on a tree

node to open the object
properties window
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ActranVI properties window

* Only parameters with * are mandatory

* You can close or open any properties window
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Assigning a domain is always mandatory

anytime: input parameters will be taken into
account
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| | m (&
Power Evaluation

| - | g
+~ Orientation & Direction

= Additional Outputs

* Pre-Stress

* More...

~ Domain Assignment

00 [v| 1D [v] 2D [¥] 30 |[Enter text to match | % & @




Errors in ActranVI

* YOu may come across error messages when

pre-processing, running or post-processing a
model

* Read carefully the error message and try to

Examples
» Analysis pre-processing:

ActranVl

| property : field

entered value : 'r*

Syntax/Value error in setting property

object : acceleration 1

analyze what happens:

Is it a Warning or a Fatal message?
Can | find where the error is and correct it?
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- type error:
proposed value has not the correct type
a complex number or a TABLE + id entry

&' OK ‘ /4 Quit application (ALL CURRENT WORK IS LOST !}

* Analysis export :

Warning et

Scope of following node(s) is empty :
- Acoustic 1

Continue export 7

Yes Mo




Actran concepts and
Inputs



Actran concepts
What information do we need to model a system ?

M eS h Ed Picture (:::ourtes-y of Rieter Automtive
Geometry Materials Excitations Actran concepts reflect
= such categories

e ey
[[g)

“+ ||T
% e

Physical & e Solvers
Numerical Models
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Element set (also called PID)
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An element set (or PID) is a group of finite
elements:

+ Having the same dimension
* ldentified by a unique identification number

A topology is separated in different element
sets to be able to define the different parts of
the model

The element set’s content depends on:

 Either the structure of the mesh imported in
ActranVI

» Or the way the mesh was created in ActranVI
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- ﬂ Topologies
~ @1 *TOPOLOGY_antenna.bdf 1
v Mesh
- 20
- LINEAR
b # PCOMP_Property Card.l.linear.2.0.0
b @ PCOMP_Property Card.2 linear.2.0.0
b # PCOMP_Property Card.3.linear.2.0.0
b @ PCOMP_Property Card4 linear.2.0.0
b @ PCOMP_Property Card.5.linear.2.0.0
» @ PCOMP_Property Card.10.linear 2.0.0
b @ PSHELL Property Card.30.linear.2.0.0
i 1D
bl LINEAR
» @ BdfRigidBody 2123456 linear.1.0.0




Domains

« Adomain is a collection of element sets

Described by a domain name

* Domains are the link between the mesh and
the Actran analysis
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Used to group and organize element sets for
complex meshes

For simple meshes, there can be one single
element set per domain
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Actran

Analysis

- ‘ Topologies
~ @} *TOPOLOGY_antenna.bdf 1
b Mesh
~ @ Domains
O 1
b W Connection
» @ BdfRigidBody. 2123456 linear.1.0.0
~ & Reflector
» @ PCOMP_Property Card.1l.linear.2.0.0
o @ Antenna_Structure
» @ PCOMP Property Card.3.linear.2.0.0
» @ PCOMP_Property Card.4.linear.2.0.0
» @ PCOMP Property Card.5.linear.2.0.0
» @ PCOMP_Property Card.10.linear.2.0.0
~ @ Feed_Horn
» @ PCOMP Property Card.2.linear.2.0.0
~ @ stand
» @ PSHELL Property Card.30.linear.2.0.0

@

Meshed
Geometry




Analysis Run Results Tools View Help

Boundary conditions cosmore [T g g s

“FInterface i Structure Constr. =
Acoustic Structure Aero-
o More - | Excitations Excitations Acoustics o More
A - v
Connecters 4 BC Mesh ditions
44 Source

44 Rotating Source

4§ Cloud Source
4 Acceleration

« A boundary condition characterizes a known - P Diplcement
restriction or an excitation on the finite 4 Vel

elements ‘v

4 acceleration 1 X e X

Acceleration = | |lacceleration 1 = @

« Boundary conditions are linked to domains ~ BC Definition
*BC Field
1 ms™| [6,

Power Evaluation

« Domain Assignment

v 0D || 1D | 2D |¥ 3D | |Enter text to match | - w
~ @ *TOPOLOGY 2

WALz

v @ Acceleration Boundary Condition
‘' Air Volume
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1 8%

_Analysis _ Run Results Tools View Help Ap 2 @ =0
Components w w ﬁ ﬁ 1 Viscotherr g=£E§—§E
£ Structure - == =
Mattirials er:tzc:gl Struiture F'urfus ﬁ:sct { D =gg+gsg
Materials % Finite Fluid Phys|ca| &
4+ Infinite Fluid
: : i Numerical Models

« Acomponent characterizes the numerical % Adoptive PM_

domain of finite elements

» For instance: different components available for
porous modelling, corresponding to different
mathematical formulations

properties and the physical interpretation of a ‘

ﬁ acoustic 1 X TR 4

| Finite Fluid - | |acoustic [|1 s &

« Component Definition

*Material

I@Air at 15 degrees 1 'I @ t
Power Evaluation
« Components are linked to a material and | "o
one or several domains - Thermodynamics & Flow

« Domain Assignment

v| 0D [v| 1D V| 2D V| 3D | [Enter text to match | &% & @

~ @ *TOPOLOGY 2
WALz
‘@ Acceleration_Boundary_Cendition
v # Air Volume
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Materials ¢ _&Hesh Analysis Run Results Tools . View Help
S TR E.

£ Structure ¢
Hew Materials | Import Acoustics Structure Porous
Utility Material £ misc
- -

U Viscothermr

| & Fluid Material
@ Perfect Gas Material

- Amaterial describes the physical properties T — Materials
of a component

@ !sotropic Solid Material (Lame)

Picture courtesy of Rieter Automotive

« A material has a type and a list of ‘
pl‘OpeI'tIeS & airatls degrees 1 X - X

® Example Of type' Fluid Material = ||Air at 15 degrees 1 - @

Unit System |m - kg - s (S1) = ;_:j {_}
* Fluid

» Fluid Properties

* Isotropic Solid Sound Speed .
} ; 340 ms?| E] £
« Example of properties for a Fluid: Fluid Density
1.225 kg m™= E. Ty
- Speed of Sound ’ -
* Density * Damping
Damping
Default - 0.0 {}
o E One material can be used - Aerodynamic Fluid Properties
NO In Several Components +« Viscothermal Fluid Properties
« Uszed In
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Analysis parameters

* An analysis parameter is any other

parameter influencing the computation of the N\ 1) —
model Z X B

* Frequencies to be solved
» Post-processing indicators

O Solvers
- Solver technology used utputs

+ | “ Direct Frequency Response 1
————COTIIPOTETIS
2% Connectors

» 4 Boundary Conditions
- loadcases

* pbiZ PostProcessing I

* = Solver
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Actran concepts overview

Element

2 | i
Picturé courtesysof
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Actran launch and outputs
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Launch the Actran analysis in ActranVI

36

1

vl Home Mesh Analysis g Results

Quick run

Open run dialog
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P Run X

= Input

Analysis

| Direct Frequency Response 1

Command line opticns

Validation mede

| light

~ Memory

Awvailable - 24980 MB per process (1)
V| Auto

(22482 [MB]

»~ Parallelism

Multi-processing

Multi-threading

= Validate

> Run




Information on computation process

« A window pops-up with information related to

37

the different steps of the analysis:
The command line read by Actran

Real-time information about different steps
iInvolved in the computation

Resource consumptions
The warning or error messages (if any)

This information can also be retrieved in the
*.log file (in the report directory)
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ActranVl x

. Console

& Infos

¥ Runs

Actran 2021

# 1 Done

Parameter iterator @
Finalize all post-processing operations

. done { Finalize all post-processing operations }
.. done ( Parameter iterator @ )

Clearing all topologies, analyses, materials and tables

.. done ( Clearing a1l topologies, analyses, materials and tables )

.. done ( Post-run sequence. )

Writing run report
Local resources:

total physical memory 32691MB
total disk space

- current directory 476GE
- scratch directory 476GE

Resources usage:
free disk space

- current directory 312GE
- scratch directory 312GB
free physical memory 20384MB

peak process memory 317ME

The generated report file is stored in the 'C:\\Users\imra‘\Desktopi\Workshop_ACOUSTICS_1_Horn_speaker_Ribbon\\inputl
\report.Direct_Frequency_Response_2021.01.14-14.24.05' directory

.. done ( Writinmg run report )

End of computational job - Thu Jan 14 14:24:54 2021

(time:
(time:
(time:
(time:
(time:
(time:
(time:

(time:

(time: 09s, total: 48s,

08s,

00s,
Bos,
Bes,

00s,
oes,
00s,

08s,

total:

total:
total:
total:

total:
total:
total:

total:

475,

47s,
47s,
47s,

47s,
47s,
47s,

475,

mem;:
mem:
mem:

mem:

mem:
mem:

mem:

: 183MB

: 182MB

184MB
184MB
184MB

184MB
179MB
179MB

194MB)

"[donewith C:\Usersymra\Desktop\Workshop_ACOUSTICS_1 Horn_speaker_Ribbon\input\Direct_Fregquency Response_2021.01.14-14.24.05.edat]"”

il Close tab |=|Leg

ﬁRepor‘t

= Global info



Actran output : FRF and Maps

Computation Post-processing

. Frequency Response Function (FRF):
results at all the frequencies for a given node

100Hz 200Hz}300Hz 1000Hz

Node 1 974.74 | 794.66 | 523.86 ... 507.21

Node 2 770921 247.10 | 65431 ...  628.57

—Node 3 47351l 87577 | 30071 .. 2266

Ac!| Actran Node 5877 o46.14| 14755 | 7877 ... 49.2
Node 5878 174.06 | 498.23 | 23.63 ... 98.28

Solver

L Maps: results at all the
nodes for a given frequency
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Going further...

* Demo
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Information

« On computer at ULB (Linux), software is installed in /serveur/logiciels/actran/Actran_2021.1/

 To launch Actran VI:

> [serveur/logiciels/actran/Actran_2021.1/bin/actranvi

* You can download and install Actran student edition on your computer from:

https://www.mscsoftware.com/page/actran-student-edition
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