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Acoustic radiation of a
gearbox

Actran Student Edition Tutorial



Workshop description



Introduction

3

This workshop introduces the computation of the sound
radiated in free field by a vibrating gearbox using Actran

The objectives of this workshop are the following :

» Explain how to create an Actran model to compute the
acoustic radiation based on available vibrating
structure data

« Get introduced to the BC Mesh boundary condition

Software version
* Actran 2022 Student Edition
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Actran BC Mesh boundary condition

* The BC Mesh boundary condition allows to:

1. Read the frequency-dependent structure vibrations previously computed with a structure code (Actran, Nastran,
Abaqus,...)

2. Map the vibration field onto the acoustic mesh
. Weak coupling - no retroaction of the fluid on the structure
. Valid for light fluid in free field

3. Compute the acoustic propagation

Structure
mesh

BC Mesh

Vibration
field

Coupling surface

(Acoustic mesh) ACOUSHC g aGON
radiation

4 | hexagonmi.com



Workshop strategy

Gearbox

O « Acoarser wrap surface mesh

previously %Oz?seéhgnsérﬂgélgzgaesh S Acoustic mesh
computed on a P 3D element set

; coupling surface o
fine mesh Infinite elements
2D Element set

Vibration pattern
must be
mapped on the
acoustic mesh

* Creation of a BC Mesh
boundary conditions supported
by the coupling surface

USRS - A finite fluid and an infinite

rad'atﬁzl'g USSl  fiuid component are defined

Coupling surface
2D Element set




Workshop pre-processing

* HEXAGON




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)

7 | hexagonmi.com (‘ HEXAGON




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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4 Load Session...

'.l Save Session...

~{ Impert Analysis

&) 'mport Mesh
&) 'mport Recent Mesh

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 Recent Session 3
k
7 Impert Recent Analysis b
k
k

+ Export Image...

[~ Set Working Directory...

Settings

{4 Clear All
Idle Mode

3 Exit Actranwi

Ctri+M

ActranVI

et

Working directory: ;I C:\Users\...\Current_Workshop\input

=]

oK

|| Cancel |




Import the mesh

1
- ey
@ 0T &

Analysis Import ... ? X

%%% ‘ Viewports: W/|1 | New |

Import  Import & soF Creation Edit Ed: Display Mesh: % v
Mesh
Import the coupling ‘
surface mesh
Coupling_Surface.nff
&
N .‘ N e
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Create the radiation mesh
File Home Mesh Analysis Run Results Tools View I m

ee ax- oBle & o

Import Import Creation Edit Edge Surface | Volume @ Transform Element size

Recent New g§cap [0.05

v v v v

Mesh Gradatien factor
. | ToroLoGIEs ® @& O e '; "
Select the coupling |E I e
surface mesh o oM s m—

Baffle planes
X Y Zz

LINEAR

0 0 0

Reverse Reverse Reverse

~ Preview
L3

¥ Hide input mesh

Select the
radiation

meshing tool

~ Save

5 @ Create PIDs

¥

~ @} *TOPOLOGY Coupling_Surface.nff1 @ i

Display the

mesh v -t
>~ . 3D L 1)

- LINEAR oK

Lﬂ Radiatinn_wlum.#.linear..l L=

- - Z o9

- LINEAR o9

# SkinBdfSolid 2 linear2.00 @&
# Radiation skin 3 linear2.__ | @ &
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Create the domain

@ @

& BDF

% CAD

Home

Impert  Impeort
Recent Mew
o R

Mesh

Auto
create
domain

Rename
domains
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¥

Creation

S

Analysis

Results Tools

Edit Edge Surface “olume Transform

Rumn

=
] I
l'\.;ffl

St St S e e

Mes hing Tools

Automatic domain
creation based on PIDs

One domain per PID

Radiation_skin3 -2 IFE
Radition_volume4 - FE
SkinBdfSolid2 - CS

View

Help
@ || B2 P b
Export All Create Partitions Measure Info Mesh
Meshes All Domains Quality
Export Do mains Partitions Mesh Info
| TOPOLOGIES ® @& O ya)
: e X
~ @i *TOPOLOGY Coupling_Surface.nff1 @&
P Mesh L E. 3
~ @ Domains by
WAL 9 L ] ~ PIDs
= Radiaticn skin3 : o
¥ Radation volumea | (1) |x2 0@ 710D W] 1D [V] 20 (v 3D | [Enier iexi fo
# SkinBdfSolid2 - '® @ SkinBdfSolid.2 linear.2.0.0

¥ Partitions

»

v # Radiation_skin.3.linear.2.0.0
# Radiation_velume 4 linear.3.0.0

| TOPOLOGIES @ @& O ol
~ @i *TOPOLOGY Coupling_Surface.nff1 @ i@
b Mesh L ]
W Domains L 7]
WA 7]
» #IFE L 3~
» @ FE op
» #® Ccs L]

~ L Partitions



Create the Direct Frequency Response Analysis

Add a Direct

Frequency  Set the frequency iy | " ateral |
Response range and the step g Direct requency Respanse Ie
. | Modal Frequency Response |
anaIySIS (DFR) - Trim Analysis E
» | 7 Parametric Trim Analysis
¥ EA Analysis
[.',."’] Jirect Frequency Response ] X we X
|Direct Frequency Response | @

Unit System |m -kg-s(Sl) v | & ¥

~ Frequency

Frequencies ois wm

| Progression Fregs list Freq Start  Step/Number Freq End
11/ UNEAR | |Hz[400.0  |Hz|5.0 'Hz|600.0 |Hz

(‘ HEXAGON
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Create a Finite Fluid component (1)

Meshl Analysis IHun
E D € ®

Tools Wi

& O

Results

Import MNew Me w Materials Import Structure Porous
Analysis  Analysis  Utility Material
S St S e S R
Analysis Materials

| £ Infinite Fluid

-| TOPOLOGIES @ @ J

Add a Finite
Fluid

component

Set up the Finite
Fluid

component
domain
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4‘- acoustic 1 X

1 B

Finite Fluid - ||acoustic

« Component Definition

*Material

] A
Power Evaluation

MRS

~ Thermodynamics & Flow
* More...
« Domain Assignment
v/ 0D [| 1D V| 2D [/| 3D |[Entertext to match... | % & ¥

v @} *TOPOLOGY_Coupling_Surface.nff 1
W Al
e




Create a Finite Fluid component (2)

 Add a Fluid Material
Define a « Leave the default values:
material for air e c =340m/s

o p=1.225kg/m3

B acousticl X e X VP 1 (active)

Finite Fluid « | |acoustic [|1 5 &

« Component Definition

*Material

Fower Evaluation & Fluid Material

| - | i Perfect Gas Material
i Vater Material

£ acoustic 1 @ fludl X oos I)(I

Fluid Material < || fluid [[1 # B
Unit System | m - kg -5 (51} « | E;j {}

+ Fluid Properties

Sound Speed
|Default - 340.0

|Default - 1.225

84
Fluid Density
84

* Thermodvnamirs & Flow

Close all property windows
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~ Damping

Damping
|Default - 0.0 |

= Aerodynamic Fluid Properties
* Viscothermal Fluid Properties

* Used In

(‘ HEXAGON




Create the Infinite Fluid component (1)

Meshl Analysis IHun Results  Tools
D D £ ¥ 8 o ﬁ-

Import Me w Me w Materials Import Structure Porous
Analysis  Analysis  Utility Material
L L L

et

e o

Analysis Materials Finite Fluid

-[ TOPOLOGIES ® & J

Add an Infinite Fluid
component

Set up the Infinite Fluid
component properties
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£ infinite_acoustic 2 X %
Infinite Fluid ~ | |infinite_acoustic |2 [#] @
Fs

« Component Definition [
*Material

@ fluid 1 =

Power Evaluation

| Q2

« Infinite Elements Definition

I“Interpolation Order
s

|C0mpute center from scope | |Aut0matic spherical system |

Center

Axes

* Symmetry

~ Visualization

|

Thermodynamics & Flow
¥ More...

« Domain Assignment

W 0D & 1D &/ 2D &/ 3D ||Entertextto match...

& & ¥

i *TOPOLOGY Coupling Surface.nff 1

HEXAGON




Create the Coupling Surface

sh Run Results Tools View Help Finite Fluid
Viscothermal v IG' Coupling Surface

¢ Structure Connectors ¥ | «¥ Interface

Add a | |
. Materials Import Acoustics Structure Porous
Coupling L . . s v | demore .
Materials Components Connectors
Surface -
@ coupling_surface 1 X e X
Coupling Surface + | |coupling_surface 1 [&] @
ASSIQn the +« Connectors Definition
domain CS |
Coupling Type
| -

« Domain Assignment

& & ¥

W 0D W 1D & 2D W 3D ||Er‘|tertextt0 match...

v @ *TOPOLOGY_Coupling_Surface.nff 1

WA
e

e
Ve
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Create the BCMesh

sh Run Results Tools View Help Finite Fluid
@ % ‘ * * * Viscothermal v | @ Coupling Surface

) ¢ Structure Connectors ¥ | ¥ Interface
Materials Import Acoustics Structure Porous
& Material G > v Wemisc v | o More

Materials Components ‘ Connector 1 4 BC Mesh

4

. 8 Structure
s || Excitations

Add a BC
Mesh
boundary
condition

Set up the o
BCMesh Mesh file: structure_mesh.bdf

properties * Results File: structure.op2

This condition will be
used to map the

vibration data onto the
17 | hexagonmi.com acoustlc mesh

44 bc_ mesh1 X

BC Mesh ~ ||bc_mesh

|1 B[]

Unit System | m - kg-s(sl) = | @ O

1

- Mesﬁ Flles

#Mesh Format

| NASTRAN BDF

#Mesh File

|structure_mesh.bdf

M= ResuEs Files

*BC Type

| Displacement

#*Results File Format

| ACTRAN_OPZ

Results File

|structure.op2

Participation Factors Fle Format

Participation Factors File

+ Coupling Parameters

= BC Definition

~ Multiple Contributions

+ Modes Analysis

 More...

« Coupling Surface Assignment

Enter text to match...

€V

4 v “* coupling_surface 1




Post-processing parameters — FRF

Home Meshl Analysis I Run Resultd |
=0 =0 =0 I [f]Loadcases »
I ' ' |

1 2, Field Poin

Create an output | e HiFelds -~ A\ Storage 1
FRF pOSt_ PLFQT;;TS ..E.rgilz;svis Uhiiflzigr Materials p-!lr:tz:gl Acoustics ! Tables ’Mure ; Maps A Storage
prOCeSSIHQ Analysis Materials I TS
parameter

Specify the
name of the o QU FRFE@ - X
OUtpUt file ~ Main Output File

Output Flename

results.plt o r_le

= Additional Output Options

Close the

property
window
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Post-processing parameters — FRF
Import microphones mesh

Analysis

Import the

. 1},&’ -

microphones mesh el e M K <

directivity.nff e Ej't Etif
Mesh

........
......
""""""

n o
......
......
uuuuuuuuuuuuuuu

Create the field slimport.. 7 X
pOIntS Viewports: | 1 |

Display Mesh: & |« « Postpro Component Definition

| Topology - | G

Output Request

Kl

£, field_point 1 X e M

MNew | Field Point « | |field_point [11 B

1| | 2= )
Home Mesh r] I
= More. ..
o Beets) Bt I I ﬂ =P -’_{; Field Paint 5
i [ [ ﬂ « Domain Assignment
| | " Storage Node
Import MNew MNe w Materials  Import I Outputs  Maps v| 0D (V| 1D [v] 2D V| 3D |[Enter text to match | & &
ﬁnal?'s is Anal?rsis Utﬂjty . Material : | " . ., Storage Element - @ “TOPOLOGY Coupling_Surface nff 1
Analysis Materials . | Outputs WAL
IFE
& rE
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Post-processing parameters — Maps
Import mesh

1 ﬁ L -
b K <
& BDF

Impert  Import
Recent New @& cap
St R .

Mesh

Import the map mesh

field_mesh.nff
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Creation Edit Edt

S e St

\Ac| Import ... ? X

Viewports: v 1 | Mew |

Display Mesh: = v/
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Post-processing parameters — Maps

B0 E ¥ w
] i [

Import MNew New Materials Import
Analysis  Analysis  Utility Material
e ' o e

Analysis

-I TOPOLOGIES @ & J

Materials

Add a Field

Map

Save the field

map under the
name maps.nff
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A Field Point
" Storage Node

' Storage Element

T Output Map

@ Field Map

[F meldMap1l X

|Field Map

[[1 BIKs:

=~ Main Output File

*Qutput Format
| NFF

Results Filename

|maps .nff

= Postpro Component Definition
= Additional Output Options

- Domain Assignment

0D | 1D | 2D | 3D ||EI'|tEI' text to match

& & ¥

~ @i *TOPOLOGY_Coupling_Surface nff 1
WA
# IFE
wOFE
W cs
- ‘ TOPOLOGY directivity nff 2

WALz

i TOPOLOGY field_mesh.nff 3
4




Check the analysis

| TOPOLOGIES @ @& O P
1 1 ~ @} *TOPOLOGY_Coupling_Surface.nff 1 o9
The Analysis setup is now T irevee o6
complete R -4
b 2D [ 3
~ @ Domains o9
WA o9
. » @ IFE L 3~
All the parts of the Analysis ~ : = :g
are available and editable on B Parttions
the data tree pane| ~ @ TOPOLOGY_directivitynff 2 Y~
» Mesh o9
~ @ Domains o9
W a2 o9
¥y Partitions
Check if the data tree is Sl e -
identical to the one shown ~ @ Domains °®
L R o9
¥y Partitions

| hexagonmi.com

| ANALYSIS el

~ ||’ Direct Freguency Response 1 (TP
* 4 Components
~ ¥ acoustic 1 o9
~ @ Scope
& e o9
%, Density

“% Pressure
‘% Speed of Sound
‘% Temperature
% Velocity
i@ fluid 1
~ ¥ infinite_acoustic 2 o
- " Scope
& Fe L 1
i@ fluid 1
= 4¥ Connectors
+ < coupling surface 1 o9
- 'i Scope
# cs L]
= b Boundary Conditions
+ b bc_mesh 1 L 1]
BCMesh Contributions
» “ Coupling Surfaces
“% coupling_surface 1 o9
Modes Containers
{ Loadcases
= bi: PostProcessing
~ [ Output FRF

A\ field point 1 0%
~ @ Scope
1 o9
1 Attached Components
+ [T Field Map 1 oW
- 'i Scope
U o9

1 Attached Components



Launch the analysis in ActranVI

me

Launch the i1 | P
computation

Export Run

Analysis

| [4c] Actran Student Edition 2022

Export and Run

Mesh

1

Analysis m Results

Tools

View

Help

Check the log

- rLirme, oS, LwLac., LI LSy 1. Lo LIurinmoy -
ShOWIng the :s5ing operations {time: @8s, total: OlmAls, mem: 224[307]MB)
E . post-processing operations ) (time: 08s, total: 01lmBls, mem: 224[307]MB)
Coputat|0n :rator 0 ) (time: 00s, total: OlmOls, mem: 224[307]ME)
ro reSS analyses, materials, tables and arrays (time: 00s, total: 0lm@ls, mem: 224[307]MB)
p g topologies, analyses, materials, tables and arrays ) (time: @8s, total: @1lm@ls, mem: 204[307]1MB)
L) ({time: 08s, total: 01lm@ls, mem: 204[307]MB)
L}
i Writing run repg ({time: 08s, total: 01lmBls, mem: 208[307]MB)
¢ Local resour
total physi
l total disk
¥ Import the PLT
us 2
T Tree .15k s
E - current d
- - scratch d
o free physic
peak process meowory :
The generated report file is stored in the 'C:\\Users\\bastien.ganty\\Desktop\\Student_review\\1l Gearbox radiation‘\\input\\repert.input' directory
X . done { Writing rum report ) (time: 0ls, total: Olm@2Zs, mem: 222[307]MB)
w
5 End of computational job - Thu Mar 18 16:54:37 2022
= Wanty\nesktop\student review\1ll Gearbox radiation‘\inputi\input.edat]"
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Post-processing



File Figure Utilites Help

v

Plot the directivity

Add reverse

set

»

v

Plot the pressure

at 400Hz
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File Figure Utilities Help

v DOMAIN
» Acousticl [acoustic]
» InfiniteAcoustic2 [infinite_aco
¥ POINT_1

——
¥3 Add reverse set
Add reverse set (x axis

(g Plot power balance
L Wite PLT file
@ Change unit system

362 [coordinates = [-0.94, -0.08, 0.0]]
363 [coordinates = [-0.93985, -0.097452, 0. | Rename
364 [coordinates = [-0.93939, -0.1149, 0.0]]| ™= Remove

365 [coordinates = [-0.93863, -0.13234, 0.0]
366 [coordinates = [-0.93756, -0.14976, 0.0] # Print in console

B copy to console

AN AP P

el t & e = S | N

(‘ HEXAGON

Figure
~ Reversed PltSet (f) 2 [input_3.plt, m - kg - s (SI
¥ POINT 1 10
¥ 400.0
" Fluid_IX [fix] [361]
* Fluid Iy [fiy] [361]
* Flid_ 1z [z [361]
& Fhf'd‘p fpl plot amplitude -
| FILId_PO [fpo
- Plot real
* Fluid_vX ¥
# Fluid VY Plot imag
* Fud vz [fvz] I Plot db_pressure (ref=2e-05 Pa)@
& id [id] Plot db_power (ref=1e-12 W)
# Loadcase List Plot dba_pressure (ref=2e-05 Pa)
» 405.0 Plot dba_power (ref=1e-12 W)
» 410.0 Convert to audio
» 415.0 Convolution
» 420.0 B copy to console
» 425.0 # Print in console
» 4200 - g |




Plot the directivity

Figure Properties Global Indicators 90°

Labels |4 —— 400.0 Hz

Title | - | —— 420.0 Hz

x id = 500.0 Hz
550.0 Hz

Y  |dB_pressure - |

Axes

X limits |362 722 || | Log

Y limits .9.65739 53.48817 Log

| Autoscale

180 0°

Octave center frequencies

Plot Type
Tz 1)
Active the polar Phasor

plot Bar chart

Contribution

Plot the dB 270°

Angle = id
pressure at Value = Fluid_P (dB_pressure (ref=2e-05 Pa))

420, 500 and
550 Hz as well

(‘ HEXAGON
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Visualize the output field map (1)
Import the results

@ \visualzation X e X
2 — ) =« Main parameters
|Az] Import mesh options > .
FI|" Mesh Analysis Run m Quantity
| — | PRESSURE -
@ ﬁNFF @ Té ~..;L: Viewports: v 1 | Mew | Modules
& BDF : B [ Map -
Import  Import Visualization JProperties Cutp Display Mesh: {} v
Fl.ecent New & or2 Operator
E Mesh Postprocessing |
g _ == Clear
v = Apply
. # Clear all
+* More___
W
=

Go back to Import the folder Visualize the

ActranVI maps.nff pressure in dB
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Visualize the output field map (2)

400 Hz

420 Hz

Map
PRESSURE

130.
I] 19.
107.

95.7
84.3
72.9
61.4

50.0
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Conclusions



Conclusions

» Acoustic _propagation of a gearbox in free_-fielc_:l conditions ¢ Going further:
structure directions

« Add a sound barrier (e.g. cover)

* The model involved: « Account for the floor (semi-free field) and its
» A coupling surface whose mesh was generated inside absorption
ActranVI

« A BC Mesh boundary condition supported by the
coupling surface

 Finite Fluid component for the near field
* Infinite Fluid component for the far field
« Field points for directivity plots and field maps

* The results highlighted a high directivity in the radiation
pattern
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