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Chapter 1

Introduction

Coustyx is a software program developed by Advanced Numerical Solutions (ANSOL), for the
computation of steady state sound fields. Coustyx integrates the Fast Multipole Method (FMM)
with Boundary Element (BEM) formulations to obtain rapid solutions to acoustic field problems.
The small memory footprint of Coustyx, coupled with fast solvers allows simulation of very large
problems in acoustics.

The Boundary Element Method (BEM) is widely used to predict sound radiation from vi-
brating mechanical components. BEM codes are popular since they involve only surface dis-
cretization and solve exterior (infinite domain) problems naturally. However, conventional BE
methods suffer from a major drawback - the BEM coefficient matrices are fully populated and
frequency dependent. This severely limits the size of models that can be built. The largest models
that can be analyzed presently are limited to about 10,000 unknowns. The dimensions of the
elements/panels are related to the frequency range of interest, and thus a limitation on model
size restricts the frequency range over which the BE model is useful. Presently, the usefulness of
BEM is restricted to coarse models of small objects such as engine blocks, in the low frequency
regime. In spite of its elegance and power, conventional BEM cannot be applied to aircraft
interior, submarine exterior or architectural acoustics problems.

The Fast Multipole Method (FMM) is a recent breakthrough, which makes it possible to
build intricate BEM models of real life systems and perform acoustic simulations efficiently.
ANSOL has developed new BE formulations which are used in conjunction with iterative solvers
from the Krylov family, and a new Multilevel Fast Multipole Method (MLFMM) that facilitates
extremely fast matrix-vector product computations. Thus, Coustyr implements this approach
to overcome the limitations of traditional BEM and allows to perform fast NVH analysis of large
problems in the mid-to-high frequency regime.

The main developments in this software are:

1. Implementation of a new and improved FMM, in conjunction with the BE formulations,
dramatically reduces the memory requirements of the problem, allowing it to handle large
problems (up to 1 Million unknowns) with faster performance.

2. A novel BE formulation robust enough to deal with several problems associated with
BE formulations, such as Thin Shape Breakdown (TSB), Irregular frequencies (or non-
uniqueness issue), ability to model single sided surfaces such as Mobius strip, handle ex-
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tremely complex junctions and inconsistent mesh normal orientations. Indepedent interpo-
lation schemes for coordinates and acoustic variables provide greater modeling flexibility.

3. The formulation allows Coustyz to deal with wide variety of boundary conditions (BCs).
Single sided BCs, Double sided BCs, Transfer BCs, Perforated BCs are all implemented.

4. Interpreter support to help users define custom analysis sequences. Coustyx provides the
ability to execute scripts in a special programming language. For example, scripts can be
written to define a complicated boundary condition, or to compute transmission loss for
mufflers.

5. Parallel implementation of the code on shared memory multi-CPU computers allows effi-
cient usage of system resources.

6. Numerous pre-processing tools provided in Coustyr cut down the time taken to setup an
acoustic problem. The user can directly build Coustyr BE model from FE structure mesh,
instead of using a third party software for converting FE meshes to BE meshes.

A very user-friendly Graphical User Interface (GUI) is developed to assist in setting up the
acoustic problem by creating and manipulating boundary element models, building the model
and running the analysis. It incorporates visualization tools and dialog boxes to query and
modify any parameter associated with a model. Availability of wide variety of pre-processing
tools in Coustyr make the model setup simple and easy. Some of the important pre-processing
features are listed below.

e Import options: Ability to import FEA mesh and data from any of the three FEA programs:
NASTRAN, ABAQUS and ANSYS, and Universal file format.

e Skinning: Ability to skin a finite element mesh to obtain surface mesh for Coustyr BE
model.

e Fill holes: Ability to fill holes based on delaunay triangulation method.
e Stitch seams: Ability to seam stitch gaps between meshes.

e Create new elements or delete existing ones.

e Change element orientations.

e Automatic generation of junction constraint equations, jump conditions, duplicate acoustic
nodes while skinning.

The main objective of this manual is to provide a comprehensive user’s guide on how to run
Coustyz for acoustic analysis. It describes how to import data files from different programs,
setup a model, define boundary conditions, carry out an analysis and retrieve analysis results.

In Chapter 2, instructions on how to install Coustyz on a windows machine are provided.

In Chapter 3, we present the unit conventions followed in Coustyz.

In Chapter 4, we discuss the structure of the Coustyr User Interface and brief descriptions
of all the steps required to setup an acoustic model for successfully carrying out an analysis.

In Chapter 5, we present more detailed discussion on how to generate a Coustyr BE mesh
from a FE mesh.



In Chapter 6, a detailed discussion is provided on how to define and apply boundary condi-
tions to a MultiDomain or an Indirect Coustyz model.

In Chapter 7, we provide details on how to set options required to run an analysis and how
to retrieve analysis results for post-processing.

Chapter 8 provides the language syntax for writing scripts in Coustyz interpretive language.

Lastly Chapter 9 provides a Tutorial which outlines detailed steps to build Coustyz MultiDo-
main, and Indirect models from Finite Element meshes. It also explains how to perform acoustic
analysis on these Coustyz models.



Chapter 2

Installing Coustyx

For installation on windows, you will need the windows installer file “Coustyx.msi” on your local
computer. If you have not received Coustyxr on a CD, please visit: http://www.coustyx.com
and follow the downloading instructions provided on the web site. Coustyz is compatible with
Windows XP, 2000, and Vista. For installation on linux machines contact us at sales@ansol.com

2.1. Software Installation

To start installation of Coustyx, double-click on “Coustyx.msi” or “Setup.exe”. The installer
will guide you through the steps required for the installation. Important: You will need Admin
privileges to install Coustyz. Log into an account with administrator privileges.

2.1.1. License Agreement

Before proceeding any further please read the Coustyz user’s license agreement carefully. If you
agree with all the terms and conditions specified in the agreement, you can select “I Agree” to
proceed further. If you do not agree, cancel the installation.

2.1.2. Select Installation Folder

By default, the folder selected to install Coustyz is:
C:\Program Files\Ansol\Coustyx\

You can change the installation folder by browsing through the folders using “Browse” button.
The “Disk Cost” button lists all the available drives on your computer to which Coustyz can be
installed, along with each drive’s available and required disk space.(Figure 2.1)

If you see the error message shown in Figure 2.2 this means that you need to do a Windows
Update.


http://www.coustyx.com
mailto:sales@ansol.com

2.1 Software Installation

5 Coustyp32 == [Eol |
! Select Installation Folder

= — = e

The installer will install Coustyx32 to the Following folder.

Tainstall in thiz falder, click "Mest". Tainstall to a different folder, enter it below or click "Browse'.

Folder:

C:\Program Filez\ansolhCoustye 32y Browse...

Cancel ] ’ < Back ] [ Mext > ]

Figure 2.1: Select path window.

x|

There iz a problem with thiz Windows Installer package. & program run as part of the
zetup did nat finish as expected. Contact your support personnel or pack.age wendor.

Figure 2.2: Windows installer error message.
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2.1.3. Confirm Installation

After the installation folder is selected you will need to confirm to proceed with the installation.
You can go back to the previous page to change the installation folder using Back button. Once
the installation is finished close the window by clicking on Close button.

2.2. Dongle Device Driver Installation

If you have been provided a USB dongle, then the dongle device driver needs to be installed
first. You will need Admin privileges for this step.

e To install the dongle device driver, open the Coustyz file folder and double click on the
icon labeled SentinelDongleDeviceDriver.exe.

Please read the user agreement and if you agree to all terms and conditions, select “I
Agree” to proceed with the installation.

After you have clicked on “I Agree”, the driver will be installed.

Click “Finish” to complete the installation of the dongle device driver.

2.3. License Key Installation

A wvalid License Key has to be installed before using the software. Open Install License Key
window by clicking on the icon found in the “Start menu”: Start—All Programs—Coustyx32 or
Coustyx64—InstallLicenseKey. Figure 2.3 shows the Install License Key window. You can use
any of the two licensing schemes listed in the window. Select the option Use Native License
when you have a valid license key provided by ANSOL. Select Use Altair Grid Works License
when you want to use Altair GridWorks License management system.

2.3.1. Use Native License

Choose this option if you want to use the license key provided by ANSOL.

2.3.1.1. If you have a local dongle

If you are using a ANSOL dongle attached to your local computer, the Install License Key
window displays the dongle ID as shown in Figure 2.4. The license key will have already been
sent to you with the dongle or by email. Copy and paste the license key into the License Key box.
You can verify the features licensed under this key from the tabbed window “License Features”
(Figure 2.6). If the license key is invalid or expired, appropriate information is highlighted
(Figure 2.7). Contact us to renew your expired license. Click on the “Copy License Information”
button to copy the information if you need to send us your license details. Press “OK” to install
the license key and exit the window, or press “Cancel” to discard changes before exiting the
window (Figure 2.5).
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Install License Key

License Key | License Features

Computer ID;  0021708A7C31705F 2244

IJse Metwork Dongle

Server Host Mame: | <Unavalable Server Name = | [ Find Dongle

Dongle ID: <Unavailable Dongle ID>

License Key:  185b286b185b236b 185b236b 1850286592 5b7c3a1d0a7e 3246097 2604302253 1508

In order to get a License Key, copy the Computer ID and email it to sales@ansol.com. The License
key will be e-mailed back to you, If you skip this step for now, you can install License Key later using
the "Install License Key" icon,

Coustyx will not run unless a valid License Key has been installed.

Figure 2.3: Install License Key window.
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Install License Key

Use Metwork Dongle

Server Host Mame: |<L'navallable Server Name> | [ Find Dongle

@_Ummmfm@

License Key:  185b288b185b286b185b236b185c28694e5h7c3a1d0a7e3a4609726c430a253a150a

In order to get a License Key, copy the Computer 1D and email it to sales@ansol.com, The License
Key will be e-mailed back to you. If you skip this step for now, you can install License Key later using
the “Install License Key"icon.

Coustyx will not run unless a valid License Key has been installed.

Figure 2.4: Computer and dongle IDs.
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License Type
@) Use Native License
(71 Use Altair GridWorks License

License Key | License Features

Computer ID: 002170BAZC31705F 2244

Use Metwork Dongle

Server Host Mame:  amd2400xpe4 | Find Dianale |

Dongle ID;  <Unavailable Dongle 10> 1

e
@lﬂﬁbz&ﬁb 185b285h M%ﬁ?cﬂaldﬂa?e%@

In order to get a License Key, copy the Computer ID and email it to sales@ansol.com. The License
Key will be e-mailed back to you. If you skip this step for now, you can install License Key later using
the “Install License Key" icon.

‘Coustyx will not run unless a valid License Key has been installed,

2

]
- — E—— ———-}

Figure 2.5: Steps to install a License Key.
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Install License Key 4 [

License Type
@) Use Mative License
(71 Use Altair GridWorks License

Key: 185h285b1850286b 185h286h 185028554 5b7c3a 1d0a7e 3246057260 43052535 15027438430

ID: 000000000000705F 2244

License ID Vs, Computer/Dongle ID: Valid Match.
Expiry Status: Perpetual,

Direct Boundary Element Model: [+
Indirect Boundary Element Model:
Acoustic Finite Element Model: [+
Structural Coupling: ]
Multi-domain Model; [
Multipale Method:
Max, Mo, of CPUs allowed: 4

Figure 2.6: License Features window.
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Install License Key.

Key: 410271304007703f1103723h430c7332 150027654558 Te6a4b0e 723243502560 1550 7462 435F
ID: 0021708A7C31705F 2248

Direct Boundary Element Model:
Indirect Boundary Element Model: [
Acoustic Finite Element Model: [
Structural Coupling: [
Multi-domain Maodel: [
Multipole Method:
Max. No. of CPUs allowed: 4

oc || cance |

Figure 2.7: Invalid or expired License status.
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2.3.1.2. If you have a network dongle

If you are using a network dongle, follow the steps below to install the license key.

Step 1: Start the License Server. Attach the dongle to your network server. Install Sen-
tinelDongleDeviceDriver.exe on the server (if it is not done already). This automatically
starts the “Sentinel Key Server” service. Allow ports 7001 and 7002 to go through the
server firewall. The status of the license server can be monitored via a web browser using
the url: http://<Server Internet Protocol (IP) Address>:7002 (your browser should be
java enabled). You can monitor the maximum number of seats (licenses) allowed and the
number of seats in use.

Step 2: Install License Key. You can now install the license key from any computer con-
nected to the server. Make sure Coustyx is installed on the computer. Open “Install
License Key” window by clicking on the icon found in the “Start menu”: Start—All Pro-
grams—Coustyx32 or Coustyx64—InstallLicenseKey. Choose the license scheme Use Na-
tive License. From the tabbed window “License Key”, select the option “Use Network
Dongle” (Figure 2.8). Enter the Server IP Address or Server Name in the “Server Host
Name” box and click on “Find Dongle” to look for the network dongle. When the local
computer finds a network dongle the Dongle ID will be updated. The license key will have
already been sent to you with the dongle or by email. Copy and paste the license key into
the License Key box. You can verify the features licensed under this key from the tabbed
window “License Features” (Figure 2.6). If the license key is invalid or expired, appropriate
information is highlighted (Figure 2.7). Contact us to renew your expired license. Click
on the “Copy License Information” button to copy the information if you need to send us
your license details. Press “OK” to install the key on to the network dongle and exit the
window, or press “Cancel” to discard changes before exiting the window (Figure 2.5).

Step 3: Register Server Name. Make sure you register the server name on local computers
that run Coustyx. Open “Install License Key” window by clicking on the icon found
in the “Start menu”: Start—All Programs—Coustyx32 or Coustyx64—InstallLicenseKey.
Choose the license scheme option Use Native License. From the tabbed window “License
Key”, select the option “Use Network Dongle”. Enter the Server IP Address or Server
Name in the “Server Host Name” box and click on “Find Dongle” to look for the network
dongle. When the local computer finds a network dongle the Dongle ID and the License
Key will be updated. Press “OK” to register and exit the window, or press “Cancel” to
discard changes before exiting the window (Figure 2.5).

2.3.1.3. If you are using Coustyx without a dongle

Copy the Computer ID (Figure 2.4) and email it to sales@ansol.com in order to get your license
key. After receiving the key, open Install License Key window from the “Start menu”: Start—All
Programs—Coustyx32 or Coustyx64—InstallLicenseKey. Copy and paste the license key into
the License Key box. You can verify the features licensed under this key from the tabbed window
“License Features” (Figure 2.6). If the license key is invalid or expired, appropriate information
is highlighted (Figure 2.7). Contact us to renew your expired license. Click on the “Copy License
Information” button to copy the information if you need to send us your license details. Press


mailto:sales@ansol.com

2.3 License Key Installation

License Type
(@ Use Native License
(71 Use Altair GridWarks License

License Key | License Features

Computer ID:  0021708ATCI1T05F 2244

Dongle ID:  Sentinel_LISB:E5608EF2531F 12639832[3/Nov,/2004] 4

——
icense Key: 495f7c694c5129371b0228334e027c344f002d331f037c334b 57736 143072537150 31

In order to get a License Key, copy the Computer ID and email it to sales @ansol.com, The License
Key will be e-mailed back to you. If you skip this step for now, you can install License Key later using
the "Install License Key " icon.

Coustyx will not run unless a valid License Key has been installed.

5

-
|

Figure 2.8: Steps to install a network dongle.
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“OK” to install the license key and exit the window, or press “Cancel” to discard changes before
exiting the window (Figure 2.5).

2.3.1.4. If you are using a Demo Model

If you are using a demo model posted on our web site, you do not need to install a license
key. The demo models have embedded license keys which are valid only for those models. Any
changes to the model will make the license key invalid.

2.3.2. Use Altair GridWorks License

Coustyx has partnered with Altair to enable users run Coustyx under Altair’s GridWorks License
Management (ALM) system. For more information on GridWorks License Management system,
contact your local Altair software distributor or visit: http://www.altair.com. Under this
licensing system, a predetermined number of tokens, also called GridWorksUnits (GWUs), will
be drawn from the Altair License server each time Coustyx is invoked. These GWUs are returned
to the server once the user exists Coustyx. The number of GWUs drawn varies with the number
of CPU-cores utilized.

To use this license scheme, make sure your computer is connected to a server running
the Altair License manager and the value of the environment variable LM_LICENSE FILE or
ALTATR_LM_LICENSE_FILE is set to 7788@servername or portnumber@servername. Contact your
network administrator to find the port number and the server name on which Altair License man-
ager is running. Now, open “Install License Key” window by clicking on the icon found in the
“Start menu”: Start—All Programs—Coustyx32 or Coustyx64—InstallLicenseKey. Choose the
license scheme Use Altair GridWorks License. Press the Test button to check the connec-
tion to the license server and the number of available GridWorksUnits (Figure 2.9). Press “OK”
to install the license and exit the window, or press “Cancel” to discard changes before exiting
the window.

2.3.3. Modify Path Environment Variable

Coustyz allows you to append the installation folder path to your computer’s Path environment
variable. This helps avoid having to specify the full path name of the folder containing the
executable every time you call Coustyx.exe from the command prompt (Figure 2.10).

2.4. Running Coustyx

After installation, you can start using Coustyz by opening the program from the “Start” menu:
Start—All Programs—Coustyx32 or Coustyx64—Coustyx. You can also run Coustyz from the
command prompt.

2.4.1. Running from the Command (DOS) Prompt

Coustyr can be run in interactive mode or in batch mode. To run the program interactively,
type coustyx at the command prompt and press enter. In order to avoid entering the full path
every time you call the executable, we advise you to modify the Path environment variable.


http://www.altair.com
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License Type

(71 Use Native License
@ Use Altair GridWorks License
Altair GridwWorks License

In order to use altair gridworks units, set the environment variable LM_LICENSE_FILE or
ALTAIR_LM_LICENSE_FILE value to "77838&servername” or “port#@servername”,

Click on the test button below to check the connection to the server.

Licensing Scheme  : Altair GridWorks Units {Altair GWU)
Feature : Pariner0032

Connecting to server...
Successfully connected to Altair GridWorks Units License Manager
Mo, of GridWarks Units available=15300

.

Figure 2.9: Use Altair GridWorks License.
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Figure 2.10: Set path variable.
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See Section 2.3.3 (Figure 2.10). Coustyx accepts the command line arguments explained below.
These command line arguments may appear in any sequence.

e -model=Model F'ileName specifies the name of the model file. There should be no space
between the = and ModelFileName. The Model FileName is a *.cyx file. If there are
spaces in the Model File Name, it should be enclosed within “”. This file contains infor-
mation about the Coustyr model. It also can contain analysis sequences which are invoked
to run the model.

e -analysissequence=AnalysisSequenceName specifies the name of the analysis sequence
to be used to run the analysis. The AnalysisSequence Name is defined inside the model
specified by Model File N ame. If there are spaces in the AnalysisSequenceName, it should
be enclosed within “”. This contains details on how to run an analysis, the solution method
to be used, etc. It is always used in conjunction with argument -model=M odel File N ame.

e -nthreads=NumberThreads specifies the number of threads to be used to run the analysis.
For a computer with dual-core CPU, you can specify -nthreads=2 to use multiple cores
to speed up the analysis.

e —command=ScriptFileName specifies the name of the Coustyx script file. There should
be no space between the = and ScriptFileName. The ScriptFileName is a *.csr file. If
there are spaces in the Script F'ile Name, it should be enclosed within “”. This file contains
commands which tell Coustyz from where to read the model, and how to run the analysis.
The model file it reads is a *.cyz file.

e —workdir=WorkingDirectoryName specifies the name of the working directory. There
should be no space between the = and WorkingDirectoryName. This argument is op-
tional. If omitted, Coustyr will assume that the current directory at the time Coustyz
command was started is the working directory.

The following are the possible ways to run Coustyz from command prompt:
C:\users\johnsmith>coustyx -model=sphere.cyx -analysissequence="Analysis Sequence"

the file sphere.cyx contains the information defining the model configuration and the script
Analysis Sequence. Analysis Sequence contains commands telling Coustyz how to run the
analysis. Note that Analysis Sequence is not a separate file but is already defined inside
the model. Since the -workdir argument has not been provided, Coustyr uses the directory
C:\users\johnsmith as the working directory.

C:\users\johnsmith>coustyx -command=radiation.csr

the file radiation.csr is a Coustyx script file that contains functions to read in the model
(*.cyx) file and other commands on how to run the analysis. Since the -workdir argument has
not been provided, Coustyz uses the directory C:\users\johnsmith as the working directory.



Chapter 3

Conventions in Coustyx

In this chapter we will discuss some of the important conventions followed in Coustyz.

3.1. Time Dependence

The time dependence of oscillating quantities in Coustyz follow a e 7“* convention, where
j = +/(—1). For example, the time-harmonic pressure wave P(t) in Coustyz is defined as

P(t) =Re {pe_j”t}

where Re stands for “real part of”, p is the complex amplitude of the sound pressure, and w is
the frequency of fluctuation.

3.2. Units
3.2.1. Model Units

The analysis process in Coustyx is independent of the system of units. However, to assist users
in keeping track of units for various physical quantities, Coustyz provides an option to choose
model units before building a new model. Model units are stored in the model for reference only.
It is the user’s responsibility to maintain consistent units among various inputs in the model.
Figure 4.16 shows the dialog box used to select model units before building a new model. The
model units specified are stored in the model tree member “Units” (Figure 3.1). Below are two
places where the model units are used:

e Model units are used to setup appropriate material properties (speed of sound and ambient
density) for commonly used materials - Air and Water, at the start of a new model setup.
Later on material properties can be changed only through “Materials” model tree member
and not by modifying model units. Note that editing model units through “Units” model
tree member does not rescale the model.
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e Model units are also used while computing sound power levels from ISO standards. The
acoustic variables are converted from model units to S.I units before using the empirical
relations in ISO standards.

B | Modell.op®

File Edit Analysis Preferences Help
=y =

=3 Model

----- [Z] Type <MultiDomain>

----- |Z] Version < 1.02.00>
----- |Z] Model Description

..... [ Struc Units
GD Mate R
lename
..... ] Plane
..... ] Interf Copy
..... ] Boun Paste
..... [ Direcl Delete
..... [ FE M
F-(_] Doma Open
..... [Z] Conte Close
..... ] Analy Edit...
Help...

Figure 3.1: Units model tree member.

Select: Model — Units.

The model units are set at the start of a new model setup (Figure 4.16). To edit units later
on, right-click on Units in the model tree and select: Edit (Figure 3.1). An edit dialog box
appears and you can make changes to model units here (Figure 3.2). Note that modifying the
model units does not rescale the model.

For convenience, six different standard unit systems are predefined: meter - kilogram -
second (m — kg — s), millimeter - newton - second (mm — N — s), meter - kilogram force
- second (m — kgf — s), millimeter - kilogram force - second (mm — kgf — s), inch - pound
force - second (inch — Ibf —s), and foot - pound force - second (ft — Ibf —s). Other unit
systems can be set by choosing other and entering the values for Length scale factor and
Mass scale factor (Figure 3.2).

Length scale factor The length scale factor is the conversion factor from model length units
to meters. For example, if the model unit for length is millimeter (mm), then the length
scale factor is 0.001, since 1 mm = 0.001 m. Table 3.1 shows length scale factors for some
commonly used length units.
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Edit Units

|2

Units
(@ meter - kilogram - second (SI units)
() millimeter - newton - second
") meter - kilogram force - second
1 millimeter - kilogram force - second
i inch - pound force - second
() foot - pound force - second
) other
Length scale factor: | 1.0000000000000
Mass scale factor: 1,0000000000000

Mote: Model units are presently only used
in the computation of sound power levels
from IS0 standards. Modifying model units
does not rescale the model.

[ oK ][ Cancel ]

Figure 3.2: Edit units dialog box.
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Table 3.1: Length scale factors.

Model units | Length scale factors
meter 1
millimeter 0.001
inch 0.0254
foot 0.3048

Table 3.2: Mass scale factors.

Model units | Mass scale factors
kilogram 1
gram 0.001
pound (1b) 0.45359

Mass scale factor The mass scale factor is the conversion factor from model mass units to kilo-
gram. For example, if the model unit for mass is pound mass (Ib), then the mass scale fac-
tor is 0.45359. Note that “lb” is international “avoirdupois pound” and 11b = 0.45359 kg.
Table 3.2 shows mass scale factors for some commonly used mass units.

3.2.2. How to choose model units?

It is very important for the user to clearly understand the units he or she is working with.
The building block for any Coustyz model is the mesh geometry. First, identify the units for
length in the geometry. Use this as the model unit for length. Choose any unit for mass. The
commonly used unit of time is seconds. Once the model units for Length, Mass (and Time) are
identified, all the inputs to the model should be scaled to be consistent with these units. Speed
of Sound and Ambient Density are two such important inputs that should be scaled correctly
before they are input into the model. Other inputs, such as boundary conditions, acoustic source
strengths, etc., should also be scaled correctly. The units for all the acoustic metrics derived
from the analysis, such as pressure, velocity, power, intensity, etc., depend on the units used to
define the Speed of Sound and Ambient Density.

e Identify the units for length in the mesh geometry. Select model units based on this.

e Scale all model inputs, such as speed of sound, ambient density, boundary condition values,
acoustic source strengths etc., to be consistent with model units.

e Derived acoustic variables will have units consistent with the model units. A simple di-
mensional analysis would be sufficient to derive the units for any derived quantity.

For example, consider a model with mesh geometry in meters. Select the model units to be
meter - kilogram - second (m — kg —s). As shown in Table 3.3, the speed of sound should
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Table 3.3: Variables and Units

Model units Inputs Outputs
Geometry| Speed of | Ambient Pressure Particle | Sound Power
units sound Density Velocity

m—kg —s m m/s kg/m? kg/m /s> m/s kg —m?/s? (W)

(Pa)

mm—N—s | mm mm/s N —s?/mm* | N/mm?(MPa)| mm/s N —mm/s (mW)

m—kgf—s | m m/s kegf —s?/m? | kgf/m? m/s kgf — m/s

mm — kgf —s | mm mm/s kgf — s2/mm?* | kgf /mm? mm/s kgf — mm/s

inch — 1bf —s | inch inch/s Ibf — s2/inch* | Ibf /inch? inch/s Ibf — inch/s

ft —Ibf —s | ft ft /s Ibf —s2/ft* | Ibf/ft? ft /s Ibf — ft /s

Table 3.4: Values for acoustic medium properties of air in different units

. Material Properties

Model units Speed of Sound Ambient Density
m—kg —s 343m/s 1.21 kg/m?

mm — N —s 343000 m/s 1.21 x 10712 N — §2 /mm*

m —kgf —s 343m/s 0.1233857 kgf — s?/m*
mm — kgf —s | 343000mm/s | 0.1233857 x 1072 kgf — s?/mm*
inch — Ibf —s | 13503.94inch/s | 1.132228 x 10~ 7 Ibf — s2/inch?
ft — Ibf — s 1125.33 ft /s 0.0023478 1bf — s2 /ft*

be in m/s and the ambient density should in kg/m3. The derived acoustic quantities, such as
acoustic pressure should be in Pascal (1 Pa = 1kg/m/s?), the particle velocity in m/s, the sound
power in Watts (1 W = 1kg.m?/s®), and the intensity in Watt/m?.

Consider another model with mesh geometry in inches. Set the model units to inch - pound
force - second (inch — Ibf —s). Following Table 3.3, the speed of sound should be in inch/s
and the ambient density should be in Ibf — s?/ inch®. The derived acoustic quantities, such as
acoustic pressure should be in psi (1 psi = 11bf/inch?), the particle velocity in inch/s, the sound
power in Ibf — inch/s, and the intensity in 1bf/inch/s.

As a reference, Table 3.4 shows the possible values for acoustic medium properties of air in
different unit systems.

3.3. Frequency Dependence Type

The acoustic variables pressure, normal derivative of pressure, impedance, or material prop-
erties such as sound speed are complex values which can vary with position, normal or frequency.
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The dependence on frequency is categorized into three different types shown below.

3.3.1. Constant

The Frequency Dependence Type is defined as a Constant when the acoustic variable doesn’t
vary with frequency. The constant real and imaginary values of the variable are entered.

3.3.2. Table

The Frequency Dependence Type is defined as a Table when the frequency variation of the
acoustic variable is given by a table. The frequency variation can be entered manually into the
table or it can be imported from an ASCII formatted text file with values separated by commas,
tabs, or spaces. The values can be copied from the table to the clip board or deleted from
the table by selecting the menu options Copy and Delete Rows. First select the desired row by
left-clicking the mouse on the row number, and then right-click to see the menu. (Figure 3.3,
Figure 3.4, Figure 3.5).

Mew Boundary Condition X|

Mame: |New B 2
Twpe: IUniFDrm Mormal Yelocity (Continuous) j Help
—Mormal Welori
requency Dependence Twpe: ITabIe j
AngFrg.{Rd/s) Freq. (Hz) Real{¥alue) Imag(¥alue)
New: l I

Import From file. ..
QK I Cancel |

Figure 3.3: Boundary Condition Table.

3.3.2.1. Import from File

The frequency variation of the variable can be imported from an ASCII file with components
separated by commas, tabs, or spaces. The file must contain three columns with the first column
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MNew Boundary Condition P
Mame: INew BiZ
Type: ILIniForm Marmal Yelocity (Continuous) j Help

—Marmal Welocity

Freguency Dependence Type: ITaI:uIe j
AngFrg.{Rd;s) Freq. (Hz) Real({¥alue) Imag(¥alue)
1 0 000000000000 2.0000000000000 =3.0000000000000
ndm
New:
Cuk
Copy
Paste
Deleke
Impart From file. .. |
Seleck &l

OF I Cancel |

Figure 3.4: Edit Boundary Condition Table.
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Import Options ﬂ
Form of harmonic dependence used in data File:
Frequency units: IHertz
whether ko replace the kable, or append the daka boik: IRepIace j
Scale Fackor: I 1.0000000000000
Ornega Exponent: IEI
Ok | Cancel |
ew Boundary Condition x|
Mame: INew B
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Impaort From file. ..
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Figure 3.5: Table Boundary Condition example.
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for the frequency, the second for real part of the variable and third for its imaginary part. Each
new frequency is added to a new row.
3.3.2.2. Import Options

The import options window, Figure 3.6, appears after the selection of the ASCII file to be
used to import the table. This window controls the interpretation of the data from the file.

Mew Boundary Candition =]
Marne: T BC
Type: Unifarm Mormal Yelocity vl Help
Mormal Yelocity Impaort Options @
Frequency Dependd Form of harmonic dependence used in data File: [exp(+j*0mega*time]l v]
Frequency units: Hertz VI
Anl hether to replace the table, or append the data to it: [Replace VI
New: : Scale Fackor: 1.0000000000000
Cmega Exponent: 0
[ K ] [ Cancel

Impott From file. ..

Impedence
[T[use Impedence

QK l [ Cancel

Figure 3.6: Table import options window.

Form of harmonic dependence used in data file exp(+j* Omega x time) (or e*“?) and
exp(—j * Omega * time) (or e~/*?) are the two available options, where Omega (w) is the
angular frequency in radians/s, and j = \/(—1). Since Coustyz follows e~7“* convention,
the values in the data file are adjusted prior to importing.

Frequency units The first column of the ASCII file from which the data for the table is
imported contains frequency values. This frequency could be defined in any one of the fol-
lowing units (Figure 3.6). Appropriate unit conversions are applied based on this selection.
Available options are Hertz, Radians/sec, RPM.

Whether to replace the table, or append the data to it The imported data from the file
can be used to either replace the current table or append to the existing table by the
selection of one of the options: Replace or Append. (Figure 3.6).
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Scale factor All the values in the ASCII file (except the first column, which is the frequency)
are multiplied by the Scale factor before being read into the table (Figure 3.6). This is
specifically useful when the imported file has different units compared to Coustyz model.
A unit conversion factor should be used as the Scale factor to convert these values. For
example, when the velocities in the ASCII file are in m/s and the Coustyz units are in
mm/s, a Scale factor of 10 is entered to convert the values in the file from m/s to mm/s.
A Scale factor of 1 imports the values as they are.

Omega exponent The Omega exponent sets the power of jw, which is then multiplied with
all the values in the ASCII file (except the first column which is the frequency w) before
being read into the table (Figure 3.6). This is useful when the imported values from the
file vary from the variable values in the table by a factor of jw. For example,

e Assume that a velocity boundary condition needs to be applied through the Table
option. But the user has only the displacement data in an ASCII file. The Table
can still be populated by importing displacement values from the ASCII file and
setting the Omega exponent value to 1. That is, the velocity values are obtained by
multiplying the displacement values in the file with jw, v = (jw)s, where s = s,e/%*
is the displacement variation, v is the corresponding velocity variation.

e Similarly, when only acceleration data is available, the velocity values can be obtained
by setting the Omega exponent value to —1, v = (jw)fla, where a = a,e’*? is the
acceleration variation.

o If the values in the file are velocity components then the Omega exponent is to be set
to zero.

3.3.3. Script

The Frequency Dependence Type is defined as a Script when the frequency variation of the
acoustic variable is given through a script. Predefined variables for frequency, AngularFreq or
Frequency, can be used here. The AngularFreq variable is in radians/sec and Frequency is in Hz.
A sample script with normal velocity varying linearly with frequency is shown in Figure 3.7.
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Mew Boundary Condition
Marne: Mew BC
Tvpe: Uniform Marmal Yelocity v] Help

Mormal Yelociky

Frequency Dependence Type: Scripk v]

function Freglependentho(] {

ff Use one of the predefined variables
A4 AngularFreq or Fregquency to compute
/¢ the wvalue. AncmlarFreg is in Rad/sec
/¢ and Frecquency iz in Hz.

rar vn = Fregquency®1l0;

return vn:

W0 -1 om0k o
e L
—

Impedence
[ use Impedence

[ Ok ] l Cancel

Figure 3.7: Script to define frequency dependent acoustic variable for the boundary condition.



Chapter 4

Getting Started

Coustyz User Interface (UI) assists the user in building an acoustic model by bringing pieces
of the model from other files. The user may put the model through several consistency checks,
visually inspect it, query objects through dialog boxes, apply boundary conditions, save the
model to a file, specify analysis parameters, run analysis and save the results to a file.

In this chapter we will discuss the features provided in Coustyxz Ul and the procedure to be
followed in setting up the acoustic problem and running an analysis.

4.1. Main Menu Features
A Drief description of items in Coustyz UI’s main menu bar (Figure 4.1) is given below.

Table 4.1: Description of the main menu bar items in Coustyz Ul

Menu Items | Description

File

Open Model File | Open an existing Coustyr model (*.cyx files
only)

New Model | Create a new MultiDomain or Indirect Coustyx
model

Save Model File | Save all the changes made to a model
Save Model File as | Save the model to a new file

Close | Close the open model
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Table 4.1: (continued)

Menu Items

Description

Print Setup

Print Preview
Print
Recent Files

Properties

Specify print setup properties. Active only for
scripts

Show print preview. Active only for scripts
Print the selected text. Active only for scripts
List the most recently visited model files

Show the maximum valid frequency for the cur-

rent acoustic model based on the size of the ele-
ments in the mesh

Edit (Note: This menu is active on

ly for text in scripts)

Undo

Redo

Cut

Copy

Paste

Select all
Match braces

Search Previous

Search Previous Selected

Undo the last action

Redo the last action

Cut the selected text

Copy the selected text

Paste the text in clipboard

Select the entire text in a script

Match opening and closing braces in a script
Do backward search for the word typed in the
search text box. Search criteria include Case
sensitivity search (Case), Whole word search
(Word), and Regular expression search (RegFEzp)
Do backward search for the word selected in the
script. Search criteria include Case sensitivity

search (Case), Whole word search (Word), and
Regular expression search (RegFErp)
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Table 4.1: (continued)

Menu Items

Description

Search Next

Search Next Selected

Do forward search for the word typed in the
search text box. Search criteria include Case
sensitivity search (Case), Whole word search
(Word), and Regular expression search (RegEzp)

Do forward search for the word selected in the
script. Search criteria include Case sensitivity
search (Case), Whole word search (Word), and
Regular expression search (RegFEzp)

Search | Search
Page | Browse through multi-page window to view
First, Previous, Next, and Last pages
Analysis
Run | Run the selected Analysis Sequence

Abort | Abort the current analysis run
Preferences
Common (Figure 4.2)

Show splash screen on start up

Show log messages

Verbosity Level

Enable or disable splash window at the startup
of Coustyx

Show log messages in the log window

This determines how much data that is output
while running Coustyx. Verbosity levels, 0=Fa-
tal messages only, 1=Critical errors or warnings,
2=Action notices, 3-5=General information. Set
high verbosity level to display verbose output.
The verbosity level can only be set when Show
log messages is enabled
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Table 4.1: (continued)

Menu Items

Description

Save file in binary format

Enable saving Coustyx model file (*.cyx) in com-
pressed binary file format. When unchecked the
file is saved in ASCII (XML) format. It is rec-
ommended to save a large Coustyx model file in
the compressed binary file format

3D Viewer

(Figure 4.3)

Feature angle (deg)

Incremental rotation angle (deg)
Time for rotation (msec)

Zoom Increment

Show element edges by default

Element resolution level by default

Relative size of nodes

Show shadows

Set the feature angle to be used in the GUI. Fea-
ture angle corresponds to the angle between two
connected elements, as shown in Figure 4.4. The
function Select Connected Elements Through
Feature Angle is used to select surface features in
a mesh. The default value for the feature angle
is set at 15°. But it can be any value between 0°
and 180°. Note that the definition is applicable
only for 2D elements

Set the increments of rotation angle in the GUI
Set the speed of the rotation in the GUI

Specify the increments at which the zoom takes
place in the GUI

Show element edges when a structure mesh is
opened in the GUI

This option sets the order of the coordinate in-
terpolation used to display the element in the
GUI A resolution level=1 displays the element
as a linear element. Higher resolution levels dis-
play the element with higher coordinate interpo-
lations. Set level=1 for quick plots

Set the relative size of the nodes displayed in the
GUI

Show shadows while displaying a structure mesh
in the GUI
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Table 4.1: (continued)

Menu Items

Description

Use fast draw mode

Background Color

Draw the structure mesh faster while using pan,
zoom, rotate tools in the GUI. This mode draws
only a wire frame of the mesh in the intermediate
steps while using these GUI tools

Set the background color of the GUI

Help

Help Content

About

Show the user manual for help

Show the license information

B Prefyx

[ File | Edit Analysis Preferences Help
Open Madel File... Ctrl-0 E
Mew Model... Ctrl-I
Save Maodel File Ctrl-5
Save Model File as Ctrl-2
Close CErl +W
Print Setup
Print Preview
Print Ctrl+P
Recent Files k
Praperties

Figure 4.1: Main menu items



34 Getting Started

Preferences (5]
Comman 3D Yiewer

Showe splash screen on skarkup

Show log messages
Verbosity level 4 =

[7] savefile in binary format

[ Ok ] [ Cancel

Figure 4.2: Preferences dialog box - Common parameters

4.2. Operations on Mesh Viewer Window

We can view the Finite Element (FE) structure mesh or the Boundary Element (BE) mesh
by opening them in a Mesh Viewer window. This section describes the user controls and the
functions available to manipulate a mesh when it is open in the Mesh Viewer window. Note that
the Mesh Viewer window appears only when a FE or a BE mesh is opened. To open a mesh in
the Mesh Viewer window, right-click on the desired mesh in the model tree and select Open.
Figure 4.5 shows Coustyr Ul with the Mesh Viewer window opened for a BE mesh. The Mesh
Viewer window is made of two panes: the top pane with the Graphical User Interface (GUI)
displays a mesh and the bottom pane with the tabbed windows lists various mesh manipulation
tasks.

4.2.1. GUI Control Panel Tools

The GUI control panel is located on the top-left corner of the Mesh Viewer window (Fig-
ure 4.5, Figure 4.6). It has tools to zoom and rotate the model. Brief descriptions of these GUI
tools are in Table 4.2.

Table 4.2: Description of GUI control panel tools

Tool  Used to Tool  Used to

ﬂ show an isometric view of the » rotate the mesh to the right by
mesh 90°
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Table 4.2: (continued)

Tool

Usage

Tool

Usage

* E] N ¥ [X]

»

&

show the view perpendicular to
the X-axis

show the view perpendicular to
the Y-axis

show the view perpendicular to
the Z-axis

turn the reference axis off or on

zoom into the mesh

zoom out of the mesh

fit the mesh in the window

rotate the mesh up by 90°

rotate the mesh down by 90°

move and rotate the mesh. This
is the default GUI mouse cursor
style

- (] [ [ 2

* ¥

L

&

rotate the mesh to the left by 90°

rotate the mesh CCW by 90°

rotate the mesh CW by 90°

rotate the mesh up in increments
specified in Preferences menu

rotate the mesh down in in-
crements specified in Preferences
menu

rotate the mesh to the right in in-
crements specified in Preferences
menu

rotate the mesh to the left in in-
crements specified in Preferences
menu

rotate the mesh CCW in in-
crements specified in Preferences
menu

rotate the mesh CW in incre-
ments specified in Preferences
menu

perform operations on the selec-
tion on the mesh. This cursor
style is obtained by holding shift-
key while the cursor is in the GUI
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Preferences @

Feature angle {deq)  15.000000000000

Incremental robation anglefdeq) 1 =

Timer for rokakion (msect 5 =

Zoom Increment  0,02000000000000

[ show element edges by defaulk

Elerment resolukion level by defaulk 1 =

Relative size of nodes £ =

[T show shadows

Ilse Fast draw mode

[ Background Calor. .. ] J

l (04 H Cancel ]

Figure 4.3: Preferences dialog box - 3D Viewer parameters

Figure 4.4: Definition of feature angle between two connected elements. Note: This definition is
applicable only for 2D elements.
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4.2.2. Rotate, Pan & Selection Operations

When the mouse cursor is moved into the Mesh Viewer window, the cursor style changes to

% To rotate the mesh, hold down the left mouse button and drag the mesh with the mouse.
To pan, drag while holding down the right mouse button. When the shift-key is depressed, the
cursor style changes to *. When this cursor style is active, the left mouse button may be used
to select parts of the mesh. The right mouse button will display a pop-up context menu which
lists operations that may be performed on the selection.

4.2.3. Operations on Selection in GUI

Below is a brief description of the operations that may be performed on displayed elements,
nodes or faces in the Mesh Viewer window. Figure 4.7 shows the context menu that pops up
when you right-click any where in the Mesh Viewer window while holding down the shift-key.

4.2.3.1. Operations on Displayed Elements
Unselect All This un-selects all the elements in the GUI.

Select Elements This lists two different options by which one can select displayed elements in
the GUL: By BC and By Set.

By BC Select elements belonging to any particular boundary condition from the displayed
list. Note that this option is available only for boundary element meshes.

By Set Select elements belonging to any particular set from the displayed list.
Select All Displayed Elements This selects all the elements that are displayed in the GUI.

Select All Bad Elements This operation is active only when Coustyz finds bad elements in
the mesh and throws error messages in the log window mentioning the same. Bad elements
are those with bad element connectivities or have other inconsistencies that prevent Coustyx
to perform its usual tasks. Generally, this set is populated if some elements in the mesh fail
the consistency checks done before skinning a FE mesh to get a BE mesh. This operation
selects all the bad elements in the mesh. See Table 5.1 for some common types of bad
elements.

Selected Elements This sub-menu lists the operations that are performed on selected elements
(Figure 4.7). It is activated only elements are selected in the GUIL.

Unselect This un-selects the selected elements.
Display Style The user can pick the display style for elements (Figure 4.8).

Display This option when selected displays the element. The selected element will
be hidden if this option is turned off.

Show Faces Display element faces.

Show Edges Display element edges.
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Operations on Selection:

Unselect All

Select Elements 3
Select All Displayed Elements.

Select All Bad Elements
Selected Elements 3 Unselect

Display Style...
Display Connected Modes

Select All Displayed Mades

Select All Bad Maodes
Select Connected Elements Through Feature Angle

Select Elements Connected Through CoardMaodes

Select Elements Connected Through Variable Nodes

Hide

Set Boundary Condition 3

Selected Mades 3

Selected Faces 3

Add to Set »
Remave from Set 3
Add to a Mew Set

Figure 4.7: GUI operations on elements available through the context menu, activated by the
right mouse button with the shift-key held down.
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Element Display Style (3]
Display
Show Faces |:| Transparent
7] show Edges
[ pisplay Nodes
Apply  Resolubion level: 1 =
apply Calar
Red: 200 =
Green: oo =
Blue: 255 =
Color Palette, ..
[ (04 ] [ Cancel ]

Figure 4.8: Element Display Style Window.
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Display Nodes This option when selected displays the coordinate nodes of the se-
lected elements.

Apply Resolution level This option controls the order of the coordinate interpola-
tion used to display the element. A resolution level of one when applied displays
the element as a linear element. Higher resolution levels display the element with
higher coordination interpolations.

Transparent This option makes the selected element transparent.

Apply Color The color of the element face displayed can be changed using this
option. The user can select the color by using the color palette provided, or by
changing the composition of red, green and blue. If this checkbox is unchecked,
the colors are not changed.

Display Connected Nodes Displays all the coordinate nodes connected to the selected
element.

Select Connected Elements Through Feature Angle This option is used to select
all the 2D elements that are connected to the current element(s) in the GUI through
feature angle(s) less than the specified feature angle in Preferences—3D Viewer
(Figure 4.3). Refer to Figure 4.4 for the definition of feature angle between two
connected elements. Note that this function is applicable only for 2D elements.

Select Elements Connected Through Coord Nodes This option is used to select all
the elements that are connected to the current element through coordinate nodes.
This can be useful when the mesh consists of several disconnected pieces, and one
contiguous set of elements are needed for selection.

Select Elements Connected Through Variable Nodes This option is used to select
all the elements that are connected to the current element through variable nodes.
The variable node considered for the MultiDomain model is P (pressure) node and
for the Indirect model is p (pressure jumps) node. This function is especially useful
to identify pressure jumps along junction constraints in Indirect models. Note that
this function is available only for BE meshes.

Hide This option is used to hide selected elements.

Set Boundary Condition Boundary conditions are defined with unique names in Coustyz.
A boundary condition can be applied to selected elements by setting the boundary
condition to the unique name defined. Refer to Chapter 6 on how to define boundary
conditions.

Add to Set This option allows user to add selected elements to a pre-defined Set. Refer
to Section 4.4 on how to define a Set. Elements or nodes are grouped together to
form a Set. Operations on a Set is propagated to all its components. For example, it
is easy to apply or change boundary conditions on the Set than on each element in
the Set.

Remove from Set This option is used to remove selected elements from their current
Sets. Refer to Section 4.4 for more information on Sets.

Add to a New Set This option allows user to add selected elements to a new Set. A
new set with a default name New Set or New Set i (i is a number) is created. Refer
to Section 4.4 on how to rename the Set.
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4.2.3.2. Operations on Displayed Nodes

To use operations on displayed nodes, first make nodes visible in the GUI.

Operations on Selection:

Unselect All

Select All Displayed Elements
Select All Bad Elements

Selected Elements 3

Select
Select All Bad Modes

All Displayed Mades

Selected Modes » Unselect
Display Style...
Display Cannected Elements

Hide

Selected Faces 3

Add to Set »
Remave fram Set 3

Add to a New Set

Figure 4.9: GUI operations available for selected nodes.

Select All Displayed Nodes This selects all the nodes that are displayed in the GUIL.

Select All Bad Nodes This selects all the Bad nodes identified by Coustyz.  This operation
is active only when Coustyz finds Bad nodes in the mesh and throws error messages in the
log window mentioning the same. Bad nodes are those nodes with incorrect solid angles or
have some inconsistencies that prevent Coustyx to perform its usual tasks. Generally, this
set is populated if some nodes in the mesh fail the consistency checks done before skinning
a FE mesh to get a BE mesh. This operation selects all the bad nodes in the mesh.

Selected Nodes This sub-menu lists the operations that are performed on selected nodes (Fig-
ure 4.9). It is activated only when nodes are selected in the GUL

Unselect This un-selects the selected nodes.

Display Style The user can pick the display style for nodes (Figure 4.10).
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Node Display Style =
Display

[¥] Apply  Resolution level: 1

Apply Calar

Red: ]

3

4

[
.3

Green:

4

.3

Blue: 255

Caolor Palette. ..

[ k. ][ Cancel ]

4

Figure 4.10: Nodes Display Style Window.

Display This option when selected displays the nodes. The selected node will be
hidden if this option is turned off.

Apply Resolution level This option controls the resolution of the sphere used to
display the node.

Apply Color The color of the element face displayed can be changed using this
option. The user can select the color by using the color palette provided, or by
changing the composition of red, green and blue. If this checkbox is unchecked,
the colors are not changed.

Display Connected Elements Displays all the elements connected to the selected co-
ordinate node.

Hide This option is used to hide selected nodes.

Add to Set This option allows user to add selected nodes to a pre-defined Set. Refer to
Section 4.4 on how to define a Set.

Remove from Set This option is used to remove selected nodes from their current Sets.
Refer to Section 4.4 for more information on Sets.

Add to a New Set This option allows user to add selected nodes to a new Set. A new
set with a default name New Set or New Set i (i is a number) is created. Refer to
Section 4.4 on how to rename the Set.
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4.2.3.3. Operations on Displayed Faces

Figure 4.11 shows the menu of operations available on faces. Operations on faces are activated
only when faces are selected in the GUI.

Operations on Selection:

Unselect All

Select All Displayed Elements
Select All Bad Elements

Selected Elements 3

Select All Displayed Nades

£ All Bacl Mades

Selected Mades L4

Selected Faces 3 Add to Set 3

Remave from Set 3

Add to a Mew Set

Figure 4.11: GUI operations on faces available through the context menu, activated by the right
mouse button with the shift-key held down.

Selected Faces This lists the operations that are performed only on the selected faces.

Add to Set This option allows user to add selected faces to a pre-defined Set. Refer to
Section 4.4 on how to define a Set.

Remove from Set This option is used to remove selected faces from their current Sets.
Refer to Section 4.4 for more information on Sets.

Add to a New Set This option allows user to add selected faces to a new Set. A new
set with a default name New Set or New Set i (i is a number) is created. Refer to
Section 4.4 on how to rename the Set.

4.2.4. Selected Coord Nodes

This tabbed window is part of the bottom pane of the Mesh Viewer window (Figure 4.5). This
window is read-only. The window contains a table that shows the id and the coordinates of the
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selected nodes in the mesh viewer.

4.2.5. Selected Elements

This tabbed window is part of the bottom pane of the Mesh Viewer window (Figure 4.5). This
window is read-only. The window contains a table that shows properties of the selected elements
in the mesh viewer. The details presented in the table vary with the type of mesh, FE or BE
mesh, and also vary with the type of the model, MultiDomain or Indirect BE model. The
possible columns in the table are:

Index The indexes of selected elements. An element index can only vary from one to the total
number of elements.

Elem ID The ids of selected elements. An element id can be any unique positive number.
B.C. The boundary conditions applied on selected elements are displayed here.

Selected Faces The face number of the selected face of the element. Face 1 refers to the face
on the positive side of the element normal, and Face 2 refers to the face on the negative
side of the normal.

Type For a BE mesh, only two type of elements are considered: Triangle and Quadrilateral.

Coord Conn Type The coordinate connectivity type describes the type of interpolation scheme
used to define the geometry on an element. This can be linear, quadratic or cubic. This
detail is displayed only for BE meshes.

Coord Nodes The list of coordinate nodes used to define selected elements.

Var Conn Type The variable connectivity type describes the interpolation scheme used for
acoustic variables on an element. The variable connectivity can be linear, quadratic or cu-
bic. This detail is displayed only for BE meshes. Coustyx allows independent interpolation
schemes for coordinates and acoustic variables. This increases the flexibility in modeling.
For example, consider a uniformly pulsating sphere modeled for acoustic analysis. The
sphere geometry should be modeled with quadratic connectivity to accurately model the
surface. But we don’t need to do the same for variable connectivity, as the pressure is con-
stant over a pulsating sphere. Hence, a simple linear variable connectivity should result in
good accuracy. This kind of flexibility decreases the analysis run times without reducing
the accuracy.

Baffled (Only for Indirect BE meshes). This shows whether the selected element lies on a
baffle plane or not. For a model with baffled planes the acoustic variables include normal
derivative of pressures on both sides in addition to the single layer (o) and double layer
(1) potentials).

P Nodes (Only for MultiDomain BE meshes). This displays a list of pressure nodes (p nodes)
used in MultiDomain models.
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Pn Nodes (Only for MultiDomain BE meshes). This displays a list of normal derivative of
pressure nodes (pn nodes) used in MultiDomain models.

Pn Plus Nodes (Used in Indirect BE meshes with baffled elements). This displays the normal
derivative of pressure on the positive side of an element (pn plus) in Indirect BE elements.

Pn Minus Nodes (Only for Indirect BE meshes with elements on baffled plane). This displays
the normal derivative of pressure on the negative side of an element (pn minus) in Indirect
BE elements.

Sigma Nodes (Only for Indirect BE meshes). This displays single layer potential (o) nodes
used in defining the variable connectivity of the element. The single layer potential at a
point is defined as the difference between the normal derivative of pressures on the positive
(p;r) and the negative (p;,) sides of an element, that is, o = p;7 — p;,.

Mu Nodes (Only for Indirect BE meshes). This displays double layer potential (1) nodes used
in defining the variable connectivity of the element. The double layer potential is defined as
the difference between the pressures on the positive (p) and the negative (p~) sides of an
element, that is, © = p™ — p~. Each u node is displayed with a positive or a negative sign.
These signs are defined to accommodate BE meshes with adjacent elements not oriented
consistently. Refer to Section 4.3.1.2 for more details.

4.2.6. Fill Hole

This tabbed window is located at the bottom pane of the Mesh Viewer window. This is used
to fill holes in both FE and BE meshes. Coustyx uses optimized delaunay triangulation method
to fill holes with two-dimensional triangle elements. This method needs a closed path to fill a
hole (Figure 4.12). A detailed discussion on how to fill holes is provided in Section 5.4.

4.2.7. Skin

This tabbed window located at the bottom of the Mesh Viewer window is used to generate
a 2-D surface mesh (BE mesh) by skinning the 3-D FE mesh. Seams are defined to stop the
propagation of skin to unwanted regions of the mesh. This function appears only for FE meshes.
More details on how to skin a structure mesh are discussed in Section 5.5. (Figure 4.13).

4.2.8. New Element

This tabbed window located at the bottom of the Mesh Viewer window is used to fill gaps
in the mesh by creating new surface elements. This function is especially useful to create new
elements for cases where the functions Fill Hole and Stitch Seams can not be used. A new element
is added by specifying the coordinate node ids and the type of the element to be created. Refer
to Section 5.6 for more details.
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4.2.9. Stitch Seams

This tabbed window located at the bottom of the Mesh Viewer window is used to fill gaps
between disjoint parts of a mesh (FE or BE) by generating new triangle elements between two
seams (Figure 4.14). The seams are created by selecting coordinate nodes. More details on how
to create and stitch seams are discussed in Section 5.7.

Figure 4.14: Stitch Seams

4.2.10. Delete Elements

This tabbed window located at the bottom of the Mesh Viewer window is used to delete
selected elements in the GUI by pressing the Delete Selected Elements button. Coustyx
provides options to remove unshared coordinate nodes and unshared variable nodes of the deleted
element. Refer to Section 5.8 for more details.

4.2.11. Merge Nodes

This tabbed window located at the bottom of the Mesh Viewer window is used to merge
selected nodes with all coincident nodes in the GUIL. Refer to Section 5.9 for more details.

4.2.12. Split Pn Nodes / Split Sigma Nodes

This tabbed window located at the bottom of the Mesh Viewer window is used to split
selected Pn (or Sigma) nodes in a MultiDomain BE mesh (or Indirect BE mesh). Use this
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function only to split nodes along the common edge of adjacent elements which have different
velocity boundary conditions but no duplicate nodes. During skinning, Coustyx automatically
creates duplicate nodes for most other cases, such as geometry discontinuities, edges, corners,
junctions etc. Refer to Section 5.10 for more details.

4.2.13. Element Orientation

This tabbed window located at the bottom of the Mesh Viewer window is used to view and/or
flip the normals of the selected elements in the GUI. Refer to Section 5.11 for more details.

4.3. Model Setup

In this section we will briefly discuss the procedure one needs to follow to set up the Coustyz
model and run the acoustic analysis. We recommend that these steps be followed in the order
described below. To start using the software, open Coustyr from the start menu or from a
shortcut on your desktop.

Coustyr window shows a tree structure named Model at the top-most level and several
branch members fulfilling specific tasks in building the model or running the analysis. The
model tree appears at the top left portion of the Coustyxr window when a model is open or when
a new model is created from the File menu. Figure 4.15 shows the structure of the Model tree
for MultiDomain and Indirect Coustyr models.

A brief description on each of the model tree member tasks are provided below.

4.3.1. New Model/Open Model File

To create a new model from the Coustyz Main Menu select: File — New Model (Fig-
ure 4.16). Choose the model type from the options: MultiDomain or Indirect. Also, choose
Model Units from the selection. See Section 3.2.2 for more details on model units. Press OK
to accept selections and create a new model.

To open an existing model select: File — Open Model File.
4.3.1.1. MultiDomain Model

A MultiDomain model is created to solve the acoustic problem using Direct Boundary Inte-
gral Formulation. The primary variables in the direct formulation are pressure (p) and normal
derivative of pressure (pp).

The normal derivative of pressure (p,) and normal velocity (vy,) at a point are related as
follows:

Pn = ipowvn

where p, is the ambient density, w is the frequency.

This formulation allows several bounded interior domains and/or one unbounded exterior
domain. It requires all the elements of the BE mesh to be oriented consistently. The domain
can be either on the positive side of the mesh or on the negative side of the mesh at a time, but
not both. Each boundary element domain can have a different set of material (fluid) properties.
Table 4.3 shows some of the important differences between MultiDomain and Indirect models.
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4.3.1.2. Indirect Model

An Indirect model is created to solve the acoustic problem using the Indirect Boundary
Integral Formulation. The primary variables used in this formulation are pressure jumps or
pressure discontinuities and wvelocity jumps or velocity discontinuities across the boundary. These
are also known as double layer potentials (1) and single layer potentials (o) respectively.

The single layer potential (o) is the difference between the normal derivative of pressures on
positive (p;7) and negative (p,,) sides of an element, that is,

o=pt—p,

The double layer potential (1) is the difference between the pressures on the positive (p™)
and negative (p~) sides of an element , that is,

p=p—p”

This formulation solves both the upper and lower sides of the boundary simultaneously. For
a closed mesh, it solves both the exterior and interior domains at once. Note that only one
mesh is allowed in this model type. Table 4.3 shows some of the important differences between
MultiDomain and Indirect models.

Variable Node Concept The concept of Variable node is introduced in Indirect model to allow
greater flexibility in the modeling of an acoustic problem. The concept of Variable node
relates the value of a variable (u) at a geometry node in an Element ¢ to its variable
node through a positive or a negative sign (Figure 4.17). Each p node in an element is
assigned with a positive or a negative sign to allow meshes with adjacent elements oriented
inconsistently. This adds the flexibility to even handle one-sided surfaces such as Mobius
strip. The sign coefficient for the first element at the node is chosen arbitrarily. The sign
coeflicients for the remaining elements at a geometry node are determined uniquely based
on their orientations with respect to the first element. Coustyr automatically creates these
nodes with appropriate signs when it skins the structure mesh.

pi(Within Element) = sign coefficient o p(Variable Node) (4.1)

This concept is illustrated using Figure 4.18, for two elements, element ¢ and element j
oriented in opposite directions. Local node 4 of element i and local node 1 of element j
share the same coordinate location. Also they share the same variable nodes iy, and oyy,.

wi(4) = pr — PB = lvn

T 9n; On; Oz 9z ™

(1) = dpr Opsp  Opr Opgp

Element j has the opposite orientation as element i, since the common edge PQ is traversed
in the same sense in both element ¢ and element j.
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Figure 4.18: Variable Nodes in Indirect BEM
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/J‘J(l) =PB — Pr = —Hvn

Opr

_ 9 Opr _ _9ps

(1) = = =
o(1) on; on; 0z 0z
The sign coefficient for p;(1) is —1, negative of the sign coefficient for p;(4).

M1(4) = Hvn
Mj(l) = —Hvn

However, the sign coefficient for ;(1) is equal to the sign coefficient for ¢;(4). This is true
in both cases — if Element j has the same orientation as Element i, if or Element j has the
opposite orientation as Element i.

Table 4.3: Differences between MultiDomain and Indirect models

No. | MultiDomain Indirect

1 | Uses Direct Boundary Integral Formu- | Uses Indirect Boundary Integral For-
lation. mulation.

2 | Allows several interior domains and | Allows only one domain. It solves the
one exterior domain. Each mesh | problem on both sides of the bound-
should enclose a volume. ary simultaneously. The mesh does not

need to enclose a volume.

3 | Allows multiple meshes in a single | Allows only one mesh.
model.

4 | Primary variables in the formulation | Primary variables in the formulation
are pressure (p) and normal derivative | are single layer (o) and double layer
of pressure (p,) on the surface. (1) potentials, ¢ = pf —p,, p =

pT — p~, where + is for variables on
the positive side of the element, — is
on the negative side.

5 The surface pressures (p) and normal | The surface pressures and normal ve-

velocities (v,) are directly obtained
from the solution.

locities are derived from the single
layer (o) and double layer (u) poten-
tials on the surface.
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Table 4.3: (continued)

No. | MultiDomain Indirect
6 | Can’t model ribs or any two- | Allows modeling of ribs or any two-
dimensional panels which don’t | dimensional panels which don’t enclose

enclose a volume. These are automat-
ically removed during skinning.

a volume. These are automatically
generated during skinning.

7 | Can’t model acoustic problems with
pressure jumps at the boundary.

Allows modeling of acoustic problems
with pressure jumps. For example, can
model a 2-D circular disk with zero
pressure jumps at the edges.

4.3.2. Structures

Select: Model — Structures.

Structures is a model tree member which is used to import a FE mesh, load frequency
response data and natural mode data. The mesh imported here is the main geometry source
for generating BE mesh for acoustic analysis. The imported FE mesh can be manipulated using
Manipulation Task Functions and then skinned to generate the BE mesh (Refer to Section 5.5).

4.3.3. Materials

Select: Model — Materials.

Materials is the model tree member used to define the Speed of Sound and Ambient
Density of the fluid medium surrounding the meshes in the model. These properties are defined
through selecting any of the frequency dependent types: Constant, Table, or Script. Any other
relevant property is derived from these two.

e Define a New Material Right-click on Materials and select: New and proceed with
entering new parameters information. Click OK to accept. See Figure 4.19 and Figure 4.20.

e Edit Materials Select:
Name> and select: Edit.
(Figure 4.20).

Materials — <Material Name>. Right-click on <Material
Proceed with editing the parameters. Click OK to accept



4.3 Model Setup

File Edit Preferences Help

DicslE| =l elole] Sk e

= Madel

----- |Z] Type <Indirect

----- |Z] wersion < 1.00.003
----- |=] Model Description
Sl Structures

& Struckmesh_0

..... o
..... (] Flanes Materials
=14 s Indirect m nCreatedFraomskin
----- |=] Mat Copy
Coao
5 Elen Paske
Sian Delete
Mu | ODEI‘I
A PO e
B Bou | g
..... D Sou
F-] Jum  Help...

Figure 4.19: Create New Material



58 Getting Started

MNew Material x|
Mame: IHelium
— Speed3ound
Freguency Dependence Tvpe: ICDnstant j
Real| 450.00000000000 Imaginaryl 1.0000000000000
— AmbientDensity
Frequency Dependence Tvpe: ICDnstant j
Walue |1 A
Ik, I Cancel |

Figure 4.20: Edit Material Properties

4.3.3.1. Speed of Sound

The value for the speed of sound (¢) in a fluid medium is defined here. For most of the
cases the speed of sound is defined as a purely constant real value. But it can also be defined
as a frequency dependent complex value, ¢ = ¢, + jc¢;, to introduce damping in the system. The
variation with frequency is simulated by defining the speed of sound to be a frequency dependent
type: Table or Script.

Note that for a decaying wave the imaginary part of the speed of sound should always be
negative, that is ¢; < 0 (Refer to Figure 4.21). This is due to the adoption of the following
convention in Coustyz,

P = Re (pe ")

where Re stands for “real part of”, P is the time-harmonic pressure wave, p is the complex
amplitude of the sound pressure, w is the frequency of fluctuation, and j = 1/(—1).

Consider a point source in a medium with the speed of sound ¢ = ¢, + j¢;. The outgoing
wave has the form
Jkr

P = poe OeRcirechT'r

=D
where k = w/(c, + je;) is the wave number, R = w/(c2 + ¢?) is purely real, p, is real. If ¢; < 0,
the pressure p is bounded with an exponential decay in the amplitude as shown Figure 4.21,
where as for ¢; > 0 the pressure p exponentially grows which is physically improbable.

Note that the units used for speed of sound along with the units for ambient density determine
Coustyr model units. For more information on the unit conventions followed in Coustyx refer
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Figure 4.21: Effect of complex speed of sound, ¢ = ¢, + jc;, on the pressure variation with
distance from a point source.

to Chapter 3.

4.3.3.2. Ambient Density

The value for the ambient density (p,) of the fluid medium is defined here. Ambient den-
sity can be defined as a frequency dependent real value. The variation with frequency can be
introduced by defining the ambient density to be a frequency dependent type: Table or Script.

Note that the units used for ambient density along with the units for speed of sound determine
Coustyr model units. For more information on the unit conventions followed in Coustyx refer
to Chapter 3.

4.3.4. Planes

Select: Model — Planes.

Planes is the model tree member used to define ground or symmetry planes. Symmetry
planes are defined to exploit the symmetry of a structure geometry and its boundary conditions
by modeling only a portion of the full model. This reduces the size of the problem significantly
and also results in faster analysis. Coustyx provides options to define four different types of
planes: Symmetry, Anti-symmetry, Ground and Baffie. A plane is uniquely defined by a point on
the plane and its normal vector. A maximum of three planes from symmetry or anti-symmetry
plane types can be defined per model. When multiple planes (other than baffled plane) are
defined, they must be orthogonal to each other.

e Define a New Plane Right-click on Planes and select: New and proceed with entering

new parameters information. Click OK to accept.

e Edit Planes Select: Planes — <Plane Name>. Right-click on <Plane Name> and
select: Edit. Proceed with editing the parameters. Click OK to accept.
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those points.
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Name The name of the new plane can be entered here.
Type The different types of planes that can be defined in Coustyx are

Symmetry A symmetry plane is defined when both the geometry and boundary condi-
tions are symmetric with respect to the plane. Example: Consider a sphere model
with uniform radial velocity (pulsating sphere). The sphere geometry and the ra-
dial velocity (boundary condition) are symmetric with respect to any plane passing
through the center of the sphere. Figure 4.23 shows a sphere with the velocity vectors
plotted by arrows. The size of this problem could be halved by defining a symmetry
plane and modeling only half of the sphere geometry.

Anti-symmetry An anti-symmetry plane is defined when the geometry is symmetric and
the boundary conditions are anti-symmetric with respect to the plane. Example: Con-
sider a sphere model with axial velocity (oscillating sphere). The sphere geometry is
symmetric and the axial velocity (boundary condition) is anti-symmetric with respect
to any plane perpendicular to the axial direction and passing through the center of
the sphere. Figure 4.23 shows a sphere with the velocity vectors plotted by arrows.
The size of this problem could be halved by defining an anti-symmetry plane and
modeling only half of the sphere geometry.

Ground A ground plane is defined when the reflection from the ground needs to be taken
into account. The ground plane defined in Coustyz is a perfect reflector.

Baffle Infinite acoustic baffles can be defined by this plane. This feature is not imple-
mented in the current version and will be available in future versions of Coustyz. Do
not use this feature for now.

Origin The point through which the plane passes. The coordinates of the point are input in X
component, Y component, and Z component.

Normal Vector The normal vector of the plane is described here. The components of the
normal vector are input in X component, Y component and Z component.

4.3.5. Interfaces

Select: Model — Interfaces.

This model tree member is present only for MultiDomain models. An acoustic interface
connects two fluid domains. It defines the relationship between the acoustic pressure and velocity
at coincident points on either side of the separating surface. The normal vector that is used is
that of the interface elements. The interface is defined by a geometry mesh and certain types of
boundary conditions, such as perforated or arbitrary BCs.

4.3.6. Boundary Conditions

Select: Model — Boundary Conditions.
The boundary conditions to be imposed on the model are defined here. Boundary conditions
are the acoustic physical constraints, such as sound pressure, particle velocity, acoustic impedance,
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that are applied on the surface. Coustyx provides options to define a wide variety of boundary
conditions in a user friendly way. Refer to Section 6.3 for a detailed discussion on different types
of boundary conditions. The user defines the boundary conditions as separate entities which are
named uniquely here. These boundary conditions are applied later to BE elements directly or
through sets (group of elements), before running the analysis (refer to Section 6.5.2).
e Define a New Boundary Condition Right-click on Boundary Conditions and select:
New and proceed with entering new parameters information. Click OK to accept.

e Edit an Existing Boundary Condition Select: Boundary Conditions — < Boundary
Condition Name>. Right-click on <Boundary Condition Name> and select: Edit. Pro-
ceed with editing the parameters. Click OK to accept.

4.3.7. Direct BE Meshes

Select: Model — Direct BE Meshes.

This model tree member is present only for MultiDomain models. It consists of a list of
BE meshes generated by skinning FE structure meshes. Refer to Section 5.5 for details on how
to skin a FE mesh to generate a BE mesh. To open a BE mesh in the GUI, expand Direct
BE Meshes to find the desired BE Mesh <Direct BE Mesh Name> and select the mesh by
left-clicking on it. Then right-click and select Open. The mesh in the GUI can be closed by
selecting Close.

The Mesh Manipulation Functions located at the bottom of the GUI are used to manipulate
the mesh opened in the GUIL. Use Selected Coord Nodes to view the coordinates of the
selected nodes in the GUI, Selected Elements to view details of the selected elements in the
GUI, Fill Hole to fill holes, New Element to create a new boundary element, Stitch Seams
to fill gaps by stitching seams, Delete Elements to delete elements from the mesh, Merge
Nodes to merge coincident nodes in the mesh, Split Pn Nodes to split selected Pn nodes
to create duplicate nodes along the common edge of elements with discontinuities in velocity
boundary conditions, Element Orientation to view and flip the element normals. Refer to
Section 4.2 for more details on the mesh viewer functions and GUI tools used to manipulate the
BE mesh.

Each BE mesh member can be expanded to see the sub-tree members mentioned below.
4.3.7.1. Coord Nodes

Select: Model — Direct BE Meshes — <Direct BE Mesh Name> — Coord Nodes.
This sub-tree member is used to review the coordinate nodes of the mesh. Right-click on
Coord Nodes to find the following menu options:

Open Opens the list of all coordinate nodes with their ID’s and coordinates in a new window.
The table rows can be copied to a clip board by right-clicking on the rows and selecting
Copy.

Close Closes the window opened by Open menu item.
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Display All Displays all of the coordinate nodes in the mesh opened in the GUI. This menu
item is active only for meshes open in the GUI.

Hide All Hides all the displayed coordinate nodes in the GUI. This menu item is active only
for meshes open in the GUIL

Display Style Changes the display style of the coordinate nodes. Refer to Section 4.2.3.2 for
more details on each of the options in the Display Style dialog window.

4.3.7.2. Elements

Select: Model — Direct BE Meshes — <Direct BE Mesh Name> — Elements.
This sub-tree member is used to review the elements of the mesh. Right-click on Elements
to find the following menu options:

Open Opens the list of all elements with their ID’s and connectivity details in a new window.
The table rows can be copied to a clip board by right-clicking on the rows and selecting
Copy.

Close Closes the window opened by Open menu item.

Display All Displays all the elements in the mesh opened in the GUI. This menu item is active
only for meshes open in the GUI.

Hide All Hides all the displayed elements in the GUI. This menu item is active only for meshes
open in the GUL

Display Style Changes the display style of the elements. Refer to Section 4.2.3.1 for more
details on each of the options in the Display Style dialog window.

The Elements sub-tree can be expanded to browse through individual elements using Prev
and Next or by directly entering the ID of the element. The right-click menu on the element ID
provide these options:

Display Displays the chosen element.

Hide Hides the chosen element.

Select Selects the chosen element.

Unselect Unselects the chosen element.

Add to Set Adds the chosen element to a set. Refer to Section 4.4 for more details on Sets.
Remove from Set Removes the chosen element from its current set.

Set Boundary Condition Sets the selected boundary condition on the chosen element. Bound-
ary condition should already be defined.
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4.3.7.3. P Nodes

Select: Model — Direct BE Meshes — <Direct BE Mesh Name> — P Nodes.

Use this sub-tree member to review P Nodes in the mesh. P Nodes are variable nodes
associated with pressure at the location of the node. pressure (p) and normal derivative of
pressure (py,) are the primary acoustic variables in Direct BE formulation used for MultiDomain
models.

The right-click on P Nodes provides these menu options:

Open Opens the list of all pressure nodes. The table shows the ID of the pressure node, location
coordinates (X,Y,Z), mean normal components (mean(Nx), mean(Ny), mean(Nz)), and
solid angle covered by the Pnode. The mean normal components are obtained by averaging
the normals at the node on all the elements connected to the node.

Close Closes the window opened by Open menu item.

4.3.7.4. Pn Nodes

Select: Model — Direct BE Meshes — < Direct BE Mesh Name> — Pn Nodes.

Use this sub-tree member to review Pn Nodes in the mesh. Pn Nodes are variable nodes
associated with normal derivative of pressure (p,) at the location of the node. The normal
derivative of pressure (py,) and normal velocity (v,) at a point are related as follows:

Dn = 1PoWUy,

where p, is the ambient density, w is the frequency.

pressure (p) and normal derivative of pressure (py) are the primary acoustic variables in
Direct BE formulation used for MultiDomain models.

The right-click on Pn Nodes provides these menu options:

Open Opens the list of all Pnnodes. The table shows the ID of the Pn node, location coordinates
(X,Y,Z), mean normal components (mean(Nx), mean(Ny), mean(Nz)), and solid angle
covered by the Pn node. The mean normal components are obtained by averaging the
normals at the node on all the elements connected to the node.

Close Closes the window opened by Open menu item.

4.3.7.5. Constraint Equations

Select: Model — Direct BE Meshes — < Direct BE Mesh Name> — Constraint Equa-
tions.

This sub-tree member is used to review or create a new set of constraint equations. Constraint
equations are necessary to correctly setup an acoustic problem when the BE model created has
slightly mismatched or disjoint meshes. In constraint equations, pressure P nodes along the
demarcating borders of the mismatched meshes are combined together to satisfy the pressure
continuity at a point. These equations are not required when the model is created from a single,
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contiguous mesh; in which case the pressure continuity among adjacent elements is automatically
satisfied by the sharing of common P nodes.

4.3.7.6. Sets

Select: Model — Direct BE Meshes — <Direct BE Mesh Name> — Sets.

This sub-tree member is used to review or create a new Set and add elements, faces or
coordinate nodes to it. A Set is a group of elements, faces and coordinate nodes grouped
together for organization and manipulation convenience. Refer to Section 4.4 for more details.

4.3.8. Indirect BE Mesh

Select: Model — Indirect BE Mesh.

This model tree member is present only for Indirect models. It consists of one BE mesh
generated by skinning a FE structure mesh. Refer to Section 5.5 for more details on how to skin
a FE mesh to generate a BE mesh. To view the Indirect BE mesh in the GUI: Right-click on
Indirect BE Mesh and select Open. The mesh in the GUI can be closed by selecting Close.

The Mesh Manipulation Functions located at the bottom of the GUI are used to manipulate
the mesh opened in the GUI. Use Selected Coord Nodes to view the coordinates of the selected
nodes in the GUI, Selected Elements to view details of the selected elements in the GUI, Fill
Hole to fill holes, New Element to create a new boundary element, Stitch Seams to fill
gaps by stitching seams, Delete Elements to delete elements from the mesh, Merge Nodes
to merge coincident nodes in the mesh, Split Sigma Nodes to split selected Sigma nodes
to create duplicate nodes along the common edge of elements with discontinuities in velocity
boundary conditions, Element Orientation to view and flip the element normals. Refer to
Section 4.2 for more details on the mesh viewer functions and GUI tools used to manipulate the
BE mesh.

The Indirect BE mesh when expanded shows the following sub-tree members.

4.3.8.1. Material

Select: Model — Indirect BE Mesh — Material.

This sub-tree member is used to select the fluid medium on either side of the boundary
for acoustic analysis. To select: Right-click and select Material — < Material Name> (refer to
Figure 4.24). The material defined by the <Material Name> is created in Model — Materials.
See Section 4.3.3 on how to create a new material or edit an existing one.

4.3.8.2. Coord Nodes

Select: Model — Indirect BE Mesh — Coord Nodes.
This sub-tree member is used to review the coordinate nodes of the mesh. Refer to Sec-
tion 4.3.7.1 for more details.

4.3.8.3. Elements

Select: Model — Indirect BE Mesh — Elements.
This sub-tree member is used to review the elements of the mesh. Refer to Section 4.3.7.2
for more details.
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4.3.8.4. Sigma Nodes

Select: Model — Indirect BE Mesh — Sigma Nodes.

Use this sub-tree member to review Sigma Nodes. Sigma Nodes are variable nodes
associated with the single layer potential (o) at the location of the node. The single layer
potential at a point is defined as the difference of the normal derivative of pressures on the
positive side (p}) of the element to the negative side (p;,), that is, o = p7 — p;,.

Single layer potential (o) and double layer potential (1) are the primary acoustic variables
in the Indirect BE formulation used for Indirect models.

The right-click menu provides the following options:

Open Opens the list of all Sigma nodes. The table shows the Sigma node ID, its location
coordinates (X,Y,Z), and the Status of the node. The Status is determined by the solid
angle covered by the node. When the solid angle is 47 the status shows: On Free Edge.

Close Closes the opened Sigma nodes window.

4.3.8.5. Mu Nodes

Select: Model — Indirect BE Mesh — Mu Nodes.

Use this sub-tree member to review Mu Nodes. Mu Nodes are variable nodes associated
with double layer potential (1) at the location of the node. The double layer potential at a point
is defined as the difference of the pressure on the positive side (p™) of the element to the pressure
on the negative side (p™), that is, u = p™ —p~.

Single layer potential (o) and double layer potential (1) are the primary acoustic variables
in the Indirect BE formulation used for Indirect models.

The right-click menu provides the following options:

Open Opens the list of all Mu nodes. The table shows the Mu node ID, its location coordinates
(X,Y,Z), and the Status of the node. The Status is determined by the solid angle covered
by the node. When the solid angle is 47 the status shows: On Free Edge.

Close Closes the opened Mu nodes window.

4.3.8.6. Pn Nodes
Select: Model — Indirect BE Mesh — Pn Nodes.

This sub-tree member is used to review the normal derivative of pressure (Pn) nodes defined
on a Baffled plane.

4.3.8.7. Boundary Conditions

Select: Model — Indirect BE Mesh — Boundary Conditions.
The boundary conditions to be imposed on the Indirect model are defined here. Bound-
ary conditions are applied in terms of the surface sound pressure, particle velocity, acoustic
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impedance. Coustyr has a user friendly interface to define a wide variety of boundary condi-
tions. Refer to Section 6.4 for a detailed discussion on different types of boundary conditions
available for an Indirect model. The user defines the boundary conditions as separate entities
which are named uniquely and these are applied over BE elements directly or through sets (group
of elements) before running the analysis (refer to Section 6.5.2).
e Define a New Boundary Condition Right-click on Boundary Conditions and se-
lect: New and proceed with entering new parameters information. Click OK to accept.
(Figure 4.25).

e Edit an Existing Boundary Condition Select: Boundary Conditions — < Boundary
Condition Name>. Right-click on <Boundary Condition Name> and select: Edit. Pro-
ceed with editing the parameters. Click OK to accept.

4.3.8.8. Sources

Select: Model — Indirect BE Mesh — Sources.

This is used to include acoustic sources in the model. Available acoustic sources in Coustyx
are: Monopole, Dipole, Quadrupole, Plane Wave, Cylindrical and User Defined. Refer
to Section 4.5 for detailed discussion on how to define an acoustic source. To add a new acoustic
source right-click on Sources and select New (Figure 4.26). The right-click menu items Edit
and Delete are used to edit and delete selected sources.

4.3.8.9. Jump Conditions

Select: Model — Indirect BE Mesh — Jump Conditions.

The Jump conditions in the Indirect model can be reviewed here. Right-click and select
Open to see the list of Mu nodes and their jumps in a table. The table shows the list of Mu
node IDs and the magnitude of jumps at these nodes. For a node on Free Fdge the magnitude
of jump will be zero, that is u = p* — p~ = 0, as the pressures p* and p~ on either side of the
surface are equal at the edge. Coustyr automatically generates this list for all Free Edges while
skinning the FE structure mesh.

4.3.8.10. Junction Constraints

Select: Model — Indirect BE Mesh — Junction Constraints.

The Junction constraints in the Indirect model can be reviewed here. Right-click and select
Open to see the list of constraint equations in a table. The table shows the Constraint ID of
the equation; the left hand side consisting of the Node Type with its ID and the Coefficient; the
right hand side (RHS) of the constraint equation. The Node Type can be any of the following
types: Sigma, Mu, or Pn.

These constraint equations are automatically generated during the skinning of the FE struc-
ture mesh. These equations typically represent the junction constraints between double layer
potentials (Mus) associated with various acoustic subspaces. For example, the nodes connecting
a two dimensional rib to a mesh are to be associated with junction constraints as they connect
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different subspaces. The double layer potentials at this junction are interdependent. Figure 4.27
shows a junction constraint with surfaces dividing the space into three regions. The nodes p;,
1o, ps represent the value of the double layer density at the same spatial location. By definition,
11, b2, w3 represent the following pressure differences.

H1 = Pa — Pc
H2 = Pb — Pa
H3 = Pc — Do

From the above expressions, the constraint equation at the junction is

p1+pe+p3 =0 (4.2)

Surface 2

Surface 3 pi Surface 1

Figure 4.27: Junction constraints

4.3.8.11. Sets

Select: Model — Indirect BE Mesh — Sets.

This sub-tree member is used to review or create a new Set and add elements and nodes to
it. A Set is a group of elements and nodes grouped together for organization and manipulation
convenience. Refer to Section 4.4 for more details.

4.3.9. Domains

Select: Model — Domains.

This model tree member is present only for MultiDomain models. Multiple domains can be
defined here. Each domain can have a different acoustic medium and is identified with a unique
name and type. Currently only domains of type Direct BE are allowed. A default domain is
automatically created when a new MultiDomain model is opened. For each domain we need to
set the following options with proper care in order to solve the acoustics problem correctly.
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4.3.9.1. Sources

Select: Model — Domains — <Domain Name> — Sources.

This is used to include acoustic sources in the model. Available acoustic sources in Coustyz
are: Monopole, Dipole, Quadrupole, Plane Wave, Cylindrical and User Defined. Refer
to Section 4.5 for detailed discussion on how to define an acoustic source. To add a new acoustic
source right-click on Sources and select New (Figure 4.26). The right-click menu items Edit
and Delete are used to edit and delete selected sources.

4.3.9.2. Boundedness

Select: Model — Domains — <Domain Name> — Boundedness.

This is used to set the boundedness of the Domain. Right-click on Boundedness and select
Boundedness — Unbounded or Bounded (Figure 4.28). If the domain of interest is exterior
then set the flag to Unbounded. If the domain of interest is interior then set the flag to
Bounded. Please note that in a MultiDomain model we can have multiple Bounded Domains
but only one Unbounded Domain.

4.3.9.3. Material

Select: Model — Domains — <Domain Name> — Material.

This sub-tree member is used to select the fluid medium present in the domain. To select:
Right-click and select Material — <Material Name>. The material defined by the <Material
Name> is created in Model — Materials. See Section 4.3.3 on how to create a new material
or edit an existing one.

4.3.9.4. Direct BE Meshes

Select: Model — Domains — <Domain Name> — Direct BE Meshes.
Each domain can have multiple BE meshes. By default all the meshes available in the Model

— Direct BE Meshes are included. To delete any particular mesh from the domain right-click

on Model — Domains — <Domain Name> — Direct BE Meshes — <Direct BE Mesh

Name> and select Delete. To modify the existing mesh in the domain to a different mesh,

right-click and select BE Mesh — < Different Direct BE Mesh Name>.

For each Direct BE mesh the following options should be verified before running the analysis.
Select: Model — Domains — <Domain Name> — Direct BE Meshes — <Direct BE

Mesh Name>.

Xfm Matrix This defines a 4x4 coordinate transformation matrix. The current location of
the mesh in the domain is obtained by applying the transformation to all the coordinates
of the BE mesh. The default transformation matrix is a unit matrix which places the BE
mesh at its original position. The transformation matrix is given by

Ry Rio Ris Ax
Ro1 Ry Ros Ay
R31 Rz Rss Az
0 0 0 |1
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where the first 3x3 entries are for rotation transformation; Az, Ay, Az are the translations
in x, y and z directions.

Note that the above transformation matrix is a general matrix that can be applied to an
absolute vector (s), such as position vector, or to a relative vector (n), such as normal and
velocity vector. These vectors are represented in Coustyx as follows:

S B SR

where z, y, z are components of absolute vector; n,, n,, n, are components of relative
vector.

Side of Mesh on which Domain is This is used to set the side of the Mesh on which the
Domain is present. Right-click on Side of Mesh on which Domain is to select Side of
Mesh on which Domain is — Positive or Negative (Figure 4.29). The positive side
of a mesh is defined as the side with positive mesh normal. For example, consider a sphere
mesh with all the element normals pointing inward. The sphere interior is on the positive
side of the mesh (as the mesh normals point inward) and the exterior is on the negative
side of this mesh. If you are interested in solving the exterior acoustics problem for this
mesh (where the mesh normals point inward), then you need to set the flag to Negative.
To solve the interior problem set the flag to Positive. To view element orientations use the
tabbed window Element Orientation located at the bottom of the Mesh Viewer window
(refer to Section 5.11).

Note that in order to specify this flag we need to have all the elements of the mesh to be ori-
ented consistently. For a MultiDomain model Coustyr automatically generates consistent
BE mesh normals when skinned from a FE mesh.

Boundary Condition Mapping This lists all the boundary conditions applied on the ele-
ments of a mesh.

4.3.9.5. Chief Points

Select: Model — Domains — <Domain Name> — Chief Points.

Chief points are used to specify additional constraints in the interior region of a MultiDomain
model while solving an exterior radiation problem. Chief points, which are also called Over-
determination points, are widely used to avoid large errors in the solutions to a radiation problem
at the natural frequencies of the interior region under complimentary boundary conditions. To
obtain accurate solutions at all frequencies, specify random distribution of chief points in the
interior region.

A chief point is identified with an ID, and coordinates X, Y, Z. Right-click and select Edit
to review or modify the list of Chief Points from a table. (Figure 4.30)

Id The id of a Chief Point. Note that each Chief Point should have unique Id.
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[ Ok ] ’ Cancel ]

Figure 4.30: Chief Points Edit Dialog Box.

X The z coordinate of a Chief Point.
Y The y coordinate of a Chief Point.

Z The z coordinate of a Chief Point.

Import From File Chief Points can be imported from an ASCII file with components sepa-
rated by commas, tabs or spaces. The file must contain four columns with Id and, X, Y
and Z coordinates of a Chief Point (Figure 4.31). Each new Chief Point is added to a new
row. Import Options window opens up after the selection of the file with the following

options:

Whether to replace the table, or append the data to it The imported data from
the file can be used to either replace the current table or append to the existing table
by the selection of one of the options: Replace or Append. (Figure 4.31)

Scale factor The X, Y, Z coordinates of Chief Points in the ASCII file are multiplied by
the Scale factor before being read into the table (Figure 4.31). This is specifically
useful when the imported file has different units compared to Coustyz model. A unit
conversion factor should be used as the Scale factor to convert these values. For
example, when the coordinates in the ASCII file are in m and the Coustyz units are
in mm, a Scale factor of 1000 is entered to convert the values in the file from m to

mm. A Scale factor of 1 imports the values as they are.
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Figure 4.31: Import Chief Points from a File.

4.3.10. Context Script

Select: Model — Context Script.

Coustyz provides the option to define global variables through Context Script. These vari-
ables can then be used in any other scripts, such as Boundary Condition, Analysis Sequence, etc.
The Context script is executed once at the start of the analysis to compute the global variable
values. The predefined read-only variables that can be used in the Context script are: Angular-
Freq (w) — frequency in radians/sec, SoundSpeed (¢) — speed of sound in the fluid medium with
the same units as those defined in materials, WaveNumber (k = ), AmbientDensity (p) — den-
sity of the fluid medium with the same units as those defined in materials. Right-click and select
Open to open the Context script for editing, select Close to close the window. (Figure 4.32).

4.3.11. Analysis Sequences

Select: Model — Analysis Sequences.

Analysis Sequences is a model tree member which is used to set the options, such as
frequency range, solution methods, etc., required to run an analysis. New analysis sequence is
created by right-clicking and selecting the menu item New. Multiple Analysis Sequences can
be created by repeating this action. Refer to Chapter 7 for a detailed discussion on selection of
various parameters for the analysis.

Once the Coustyr model setup is completed, run the acoustic analysis by right-clicking on the
desired sequence: Model — Analysis Sequences — < Analysis Sequence Name> and selecting
Run. The analysis results are stored in the output files referred in < Analysis Sequence Name>.

4.4. Sets
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For a MultiDomain BE mesh, Select: Model — Direct BE Meshes — <Direct BE Mesh
Name> — Sets.

For an Indirect BE mesh, Select: Model — Indirect BE Mesh — Sets.

For a structure mesh, Select: Model — Structures — <Structure Name> — Sets.

A Setis a collection of elements, coordinate nodes, and faces grouped together for organization
and manipulation convenience. This sub-tree member is used to review or create a new Set and
add elements, coordinate nodes, or faces to it.

Create a new Set Right-click on Sets and select New to create a new Set (Figure 6.41).
Rename To rename the new Set, right-click on <Set Name> and select Rename.
Copy To copy contents of a Set, right-click on <Set Name> and select Copy.

Paste To paste the copied contents of a Set to a new Set, right-click on <Set Name> and select
Paste.

Open To open the list of contents of a Set in a table, right-click on <Set Name> and select
Open. The table lists the components in the Set. The first column shows the Type of
the component, that is Elements, Nodes or Faces, the second column shows the ID of the
component, and the third column shows the Data related to the component. The data
exists only for a face and it represents the face number in the element.

Close To close the list of contents of a Set opened in a table, right-click on <Set Name> and
select Close.

Replicate To replicate the contents of a Set, right-click on <Set Name> and select Replicate.
This function performs the tasks: Copy and Paste together.

Elements Right-click on <Set Name> and select Elements to find the following sub-menu
options. Note that all the options are not enabled when the mesh is not open in the GUIL.
Figure 4.34.

Display Style Changes the display style of the elements in the Set. Refer to Section 4.2.3.1
for more details on each of the options in the Display Style dialog window.

Display All Displays all the elements of the Set in the GUL
Hide All Hides all the displayed elements of the Set in the GUI.

Set Boundary Condition Sets the selected boundary condition to all the elements of
the Set. This option is available only for BE meshes.

Select Selects all the elements of the Set in the GUI.

Unselect Unselects elements of the Set in the GUL

Add Selection to Set Adds selected elements to the current Set.

Remove Selection from Set Removes the selected elements from the current Set.
CoordNodes Right-click on <Set Name> and select CoordNodes to find the following sub-

menu options. Note that all the options are disabled when the mesh is not open in the
GUI. Figure 4.35.
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Display Style Changes the display style of the coordinate nodes in the Set. Refer to
Section 4.2.3.2 for more details on each of the options in the Display Style dialog
window.

Display All Displays all the coordinate nodes of the Set in the GUI.
Hide All Hides all the displayed coordinate nodes of the Set in the GUI.
Select Selects all the coordinate nodes of the Set in the GUI.

Unselect Unselects coordinate nodes of the Set in the GUI.

Add Selection to Set Adds selected coordinate nodes to the current Set.

Remove Selection from Set Removes the selected coordinate nodes from the current
Set.

Faces Right-click on <Set Name> and select Faces to find the following sub-menu options.
Note that all the options are disabled when the mesh is not open in the GUI. Figure 4.36.
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Figure 4.36: Menu options for faces in a Set.

Select Selects all the faces of the Set in the GUIL.
Unselect Unselects faces of the Set in the GUIL
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Add Selection to Set Adds selected faces to the current Set.
Remove Selection from Set Removes selected faces from the current Set.

Switch Sides This option is available for BE meshes (surface elements) only. See Fig-
ure 6.16 for the description of Side 1 and Side 2 of a surface element. When selected,
Coustyz switches the selection side of the element from the current face to its opposite.
It modifies the component list of the Set with the new face selection. For example,
consider a Set which contains Side 1 of an element as its Face component. When
Switch Sides is applied, the Set is modified and the Side 2 of the element (that is, the
opposite side) is saved in the place of Side 1. If you press Switch Sides again you will
get back to the original Set configuration. Note that this option is enabled only when
the Face components of the Set are selected in the GUI. Also, this option is available
only for BE meshes.

Add Face 1 of Selected Elements to Set This option is available for BE meshes (sur-
face elements) only. See Figure 6.16 for the description of Side 1 and Side 2 of a surface
element. When selected, Coustyz adds Face 1 (or Side 1) of selected elements in the
GUI to the Set.

Add Face 2 of Selected Elements to Set This option is available for BE meshes (sur-
face elements) only. See Figure 6.16 for the description of Side 1 and Side 2 of a surface
element. When selected, Coustyz adds Face 2 (or Side 2) of selected elements in the
GUI to the Set.

4.4.1. Add elements, coordinate nodes, or faces to a Set

Select elements, coordinate nodes, and faces to be added to a Set from the GUI by left-
clicking on them while holding down the shift-key. Right-click to see the menu on Operations
on Selection. To add the selected to a set: Selected Elements, Selected Nodes, or Selected
Faces — Add to Set — <Set Name> or Add to New Set. Figure 4.37.

4.5. Acoustic Sources

Acoustic sources can be introduced in addition to BE meshes in Coustyz. These acoustic
sources have analytical solutions which are incorporated into the BE formulation. Coustyz
offers the following acoustic wave sources.

4.5.1. Monopole

A monopole is a spherical wave source which produces spherically symmetric waves in an
un-bounded space. This source is defined by a position vector R(z, ¥, 2-), and amplitude, A
(or volume velocity, V') (Figure 4.38).

The monopole amplitude A and the volume velocity V are related as follows:

A=jkZ,V
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where Z, = p,c is the characteristic impedance of the fluid medium, ¢ is sound speed, p, is
ambient density, k = w/c is wave number, w is frequency in radians/sec, and j = \/(—1). Note
that the amplitude A has dimensions M/T?, whereas the volume velocity V has dimensions

L3T.

The wave equation for a monopole source in frequency domain and its solution is given by

V2p(r) + k?p(r) = jkZ,VS(r — R)

Jklr—R|

. jklr—R|
p(I‘) = _Aéel'lr|r7R| = _ijOVZﬂ'\rfR\

where p(r) is sound pressure at position r(x,y,z).
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Figure 4.38: Monopole

(4.3)

(4.4)

Position Vector The location R of the monopole source is set by X component, Y com-
ponent, and Z component. Note that the units should be consistent with the geometry

units.

Source Strength The monopole source strength could be set to be any of the following two
types: Amplitude, A, or Volume Velocity, V. Choose the type from the drop-down
menu: Strength Type. Then define the value of the monopole source strength (amplitude,
A, or volume velocity, V') through any of the frequency dependent types: Constant, Table,
or Script. Note that the units used here should be consistent with the rest of the model

inputs.
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4.5.2. Plane Wave

Q(x, y.2)

|

R (xr, yr, zr)

Figure 4.39: Description of a plane wave acoustic source.

A plane wave source is defined by a location R(x,, y,, 2,-), an amplitude A and a direction of
propagation n,. A has the same dimensions as pressure (Figure 4.39, Figure 4.40). The pressure
p due to a plane wave at any point Q(z,y, z) is

(4.5)

Position Vector The location R of the plane wave source is set by X component, Y com-
ponent, and Z component. Note that the units should be consistent with the geometry
units.

Source Strength Set the amplitude A of the plane wave through any of the frequency depen-
dent types: Constant, Table, or Script. Note that the units used here should be consistent
with the rest of the model inputs.

Direction Vector The plane wave propagation direction n,. is set by X component, Y com-
ponent, and Z component.

4.5.3. Cylindrical

A cylindrical wave source is defined by a location R(z,, y,, z,-), an amplitude A and its axial
direction of propagation n, (Figure 4.41, Figure 4.42). The wave equation for a cylindrical wave,
propagating in z direction is
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MNew Source ﬂ
ID: 1
Type: Plane Wave "I
Paosition Vector
¥ component 0.0
' component 0.0
Z component 0.0
Source Strength
Freguency Dependence Type: lConsEnt >
Resl 1.0000000000000 Imaginary 0.0
Direction Vector
X compaonent 0.0
¥ component 0.0
Z component 1.0000000000000
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Figure 4.40: Plane Wave
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Figure 4.41: Description of a cylindrical wave acoustic source.
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V2p+k*p = Ad(x — 2,)6(y — yr) (4.6)

where p is the pressure at a point Q(z,y, 2).

Position Vector The location R of the cylindrical wave source is set by X component, Y
component, and Z component. Note that the units should be consistent with the
geometry units.

Source Strength Set the amplitude A of the cylindrical wave through any of the frequency
dependent types: Constant, Table, or Script. Note that the units used here should be
consistent with the rest of the model inputs.

Direction Vector The cylindrical wave axial direction n, is set by X component, Y com-
ponent, and Z component.

Mew Source Lﬁ

ID: 1

o | Cyiindrical -

Position Vector

¥ component 0.0
¥ component 0.0
Z component 0.0

Source Strength

Freguency Dependence Type:

Real 1.0000000000000 Imaginary 0.0

Direction Vector

X component 0.0
¥ component 0.0
Z component 1,0000000000000

o) [ ]

Figure 4.42: Cylindrical

4.5.4. Dipole

A dipole source is defined by a location, an amplitude, A (or dipole moment, D) and the
direction of the dipole. Figure 4.43 shows an acoustic dipole source at a location R(x;, ¥y, 2,)
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Figure 4.43: An acoustic dipole at R(x;, ¥, 2,), modeled by two point monopole sources with
equal and opposite volume velocities —V and +V.

modeled by two point monopole sources. The direction of the dipole source n, is from the
monopole sink (—V') to the monopole source (+V), where V is the monopole volume velocity.
The dipole moment, D = Vd, where d is the distance between the two monopole sources that
make up the dipole.

The dipole amplitude A and the dipole moment D are related as follows:

A= jkZ,D

where Z, = p,c is the characteristic impedance of the fluid medium, c¢ is sound speed, p, is
ambient density, kK = w/c is wave number, w is frequency in radians/sec, and j = y/(—1). Note
that the amplitude A has dimensions M L/T?, whereas the dipole moment D has dimensions
LY)T.

The wave equation for a dipole source is given by

d d
v2p + kzp = ijo _V(S(R - §nr - Q) + V(S(R + gnr - Q) (47)

where p is the pressure at a point Q(z,y, z).
Position Vector The location R of the dipole source is set by X component, Y component,
and Z component. Note that the units should be consistent with the geometry units.

Source Strength The dipole source strength could be set to be any of the following two types:
Amplitude, A, or Dipole Moment, D. Choose the type from the drop-down menu:
Strength Type. Then define the value of the dipole source strength (amplitude, A, or
dipole moment, D) through any of the frequency dependent types: Constant, Table, or
Script. Note that the units used here should be consistent with the rest of the model
inputs.
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Direction Vector The direction of the dipole n, is set by X component, Y component,
and Z component.

MNew Source Lﬁ
1D: 1
Type: ID'POLE vJ
Position Vectar
X component 0.0
Y component 0.0
Z component 0.0
Source Strength
Strength Type: [Amplimde - ]
Frequency Dependence Type: | Constant b |
Real 1.0000000000000 Imaginary 0.0
Direction Vector
¥ component 0.0
Y component 0.0
Z component 1.0000000000000
[ ox || cancel

Figure 4.44: Dipole

4.5.5. Quadrupole

A quadrupole source is defined by a location R(x,,y,, 2,), and a tensor quantity T with its
quadrupole moments or amplitudes in various directions (Figure 4.45).

T T Tis
T=| T51 To To3
T3 T3z T33

The components in the tensor of quadrupole amplitudes (T;;‘) are related to the components
in the tensor of quadrupole moments (T;;) as follows:

A .
T = jkZ.Tij

where Z, = p,c is the characteristic impedance of the fluid medium, ¢ is sound speed, p, is
ambient density, k = w/c is wave number, w is frequency in radians/sec, and j = y/(—1). In the
tensor of quadrupole source moments, each term has a dimension of L5/T. Dimensionally, this
is equivalent to V1% or DI, where V is volume velocity, [ is some characteristic length, and D is
dipole moment. The terms in the tensor of quadrupole amplitudes have dimensions of M L?/T?.

The pressure p at any point Q(z, y, z) due to a quadrupole is given by the following expression.
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T, LZCQR | 1 9°GQ.R) +T3382%<§,R)

Ox? , oy?
9%G(Q,R
. . +(T12+T21)ﬁ(2y)
p(Q) = —jkZ, el (4.8)
Tz + Ts1) =5, 52
9*G(Q,R
+(Tps + Tap) A0
where G(Q, R) is the Green’s function evaluated between Q and R.
MNew Source ﬁ -
ID: 1
Type: Quadrupole V]
Position Vector
¥ component 0.0
¥ component 0.0
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Quadrupole Strength Coefficents
Strenath Type: | Amplitude -
Coeffident Real Imaginary
T[] 1,0000000000000 0.0
T[] 0.0 0.0
T3] 0.0 0.0
T[] 0.0 0.0
T[] 0.0 0.0
T[] 0.0 0.0
T3] 0.0 0.0
TEE] 0.0 0.0
T[EE] 0.0 0.0
[ OK ] [ Cancel ]

Figure 4.45: Quadrupole Dialog Box

Position Vector The location R of the quadrupole source is set by X component, Y com-
ponent, and Z component. Note that the units should be consistent with the geometry
units.

Quadrupole Strength Coefficients The quadrupole strength is set through the tensor com-
ponents or coefficients. These components could be set to be any of the following two types:
Amplitude, T,-? or Quadrupole Moment, T;;. Choose the type from the drop-down
menu Strength Type. Note that the units used here should be consistent with the rest
of the model inputs.
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4.5.6. User Defined

Coustyz offers users the choice to define their own source. The User Defined source is defined
by the location of the source through Position Vector and the function GetDirectionalResponseAtFieldPoint.
The relative position of a field point with respect to the source position and the field normal are
input to the function through the arguments: RelativePosnVec and NormalVec. The pressure
and the normal derivative of pressure at the field point are output through the arguments: P
and Pn (Figure 4.46). Note that a valid user defined acoustic source should have a pressure field
that satisfies the Helmholtz equation exactly.

New Source X
I0: £ 3
Type: User Defined X l
Paosition Vector
X component 0.0
' component 0.0
Z component 0.0

User Defined Source Script
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iz
13
14
15
16
17
is
i3 =i®krr) AR PRI 2) Mexp{i tkrT) 2
20 Pn = Mag* {er*NormalvVec) ; B
21 return 0;
22 = bt
< | 1" b

e

Figure 4.46: User Defined Acoustic Source



Chapter 5

Pre-processing Features

Coustyr provides a large set of pre-processing tools to manipulate meshes in the model. In
addition, translators for most commonly used data formats are available to import mesh and
velocity data. The pre-processing tools are found at the bottom pane of Mesh Viewer window
while a mesh is open in the GUI. The features include: Fill Hole, Skin, New Elements,
Stitch Seams, Delete Elements, Merge Nodes, Split Pn Nodes/Split Sigma Nodes
and Element Orientation. These features allow users to fix problems with imported meshes by
deleting elements, creating new elements, filling holes, stitching gaps, merging coincident nodes,
flipping element normals etc. The imported finite element structure meshes could be skinned to
generate surface BE meshes for acoustic analysis.

5.1. Importing FE Data

The main geometry source for a Coustyx Boundary Element (BE) model is the Finite Element
(FE) mesh of the structure. This section explains the steps involved in importing FE data.
Coustyzr provides translators for most commonly used file formats created by finite element
packages: NASTRAN, ABAQUS, ANSYS, and I-DEAS (Universal Files).

Select: Model — Structures.

e To import FE mesh: Right-click on Structures and select Import — Nastran Bulk

Data (.bdf) File (see Figure 5.1) to import mesh from Nastran bulk data format. The
FE meshes from other data formats can be imported by selecting Abaqus (.inp) File,
Ansys Results (.rst) File, or I-DEAS Universal (.unv) File.

e To load frequency response data from FE analysis: Click on the imported structure
<Structure Mesh Name>, right-click on it and select Load Freq Response Data —
Nastran Punch File (see Figure 5.2). The other supported data formats are Nastran
OP2 File, Ansys rst File, Ansys rfrq File, -DEAS Universal File. Select desired
frequencies to load. Only these frequencies from the data read are loaded into the model.
The Natural Mode Data could be loaded in a similar fashion.
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5.1.1. Importing Structure Mesh

Select: Model — Structures.

Right-click on Model — Structures and select any of the file format options from Import
(refer to Figure 5.1). Coustyz has the capability to import FE meshes from the following data
formats.

B Prefyx
File Ecit View Preferences Help
=g =] ?
-y ModlelLcyx
----- |5] Type <MultiDomain>
----- [Z] Version < L00.00>
..... |Z] Model Deseription
..... (o
-] Materials Structures
----- ] Planes
Rename
..... [ Interfaces
----- [_1 Boundary ~opy
..... [_7 Direct BE Paste
----- [ FE Meshe Delete
-] Domains
----- |5] Context S Open
..... Z1 Analysis 8 Close
Edit
Help
Import 3 Abaqus {.inp) File...

Mastran Bulk Data (.bdf) File...
Ansys Results (.rst) File...

Figure 5.1: Importing a finite element structure mesh.

5.1.1.1. Abaqus *.inp files

ABAQUS is a commercial FEA software for general purpose non-linear finite element analysis
used for engineering simulations and analysis. The ABAQUS input file is an ASCII file with an
extension *.4mp. This file contains information about mesh geometry, properties of the material,
boundary conditions and other commands to control output data. When imported, Coustyx
reads only the information regarding the geometry of the model from these files.

5.1.1.2. Nastran Bulk Data *.bdf files
The NASTRAN bulk data format (*.bdf) is widely used in the industry and can be generated



96 Pre-processing Features

from a large number of commercially available FE mesh generators. The *.bdf file contains
information about the geometry of the mesh which is extracted by Coustyz.

5.1.1.3. Ansys Results *.rst files

ANSYS is another commercially available FE modeling package used widely for engineering
simulations. The ANSYS *.rst files are binary files containing information about the nodes and
elements of the FE model along with the results. Coustyx extracts the geometry of the mesh
from these files.

5.1.1.4. I-DEAS Universal *.unv files

I-DEAS Universal file formats are widely used in structural dynamics, noise and vibrations
community. Coustyr provides translator to extract geometry information of a mesh from these
files.

5.1.2. Loading Frequency Response Data

Select: Model — Structures — <Structure Mesh Name>.

Right-click on <Structure Mesh Name> and select the frequency response data from any of
the file format options through Load Freq. Response Data (refer to Figure 5.2). If the data
is read successfully, a new dialog box with a list of frequencies available in the data appears.
See Figure 5.3. The user can select what frequencies to load into the model. Use Select All,
Unselect All, or Select by Frequency Range... buttons to choose the frequencies of interest.
To clear the data already uploaded select Clear Freq. Response Data on the right-click menu.
Run forced response FE analysis on the structure in the desired frequency range to generate the
frequency response data. The frequency response data (or structure velocity) could later be
used as a boundary excitation on the BE model (which is generated from the structure FE
mesh). More details on how to define and apply boundary conditions in Coustyz are provided
in Chapter 6. The following are the supported frequency response data formats.

5.1.2.1. Nastran OP2 File

The OP2 (Output2) file is a binary output file from the forced response analysis of a FE mesh
in NASTRAN. It contains the output acceleration, velocity or displacement at all the nodes of
the FE mesh. Coustyr extracts the frequencies and the velocity response at these frequencies
from this file. Note: To create an OP2 file that can be read by Coustyz, set the value of the
parameter POST in the Nastran Bulk Data to -1.

PARAM, POST, -1

5.1.2.2. Nastran Punch File

The NASTRAN punch file also contains the output from the NASTRAN FE analysis, similar
to the OP2 file, but in ASCII format. Coustyx extracts the frequencies and the velocity response
at these frequencies from this file.
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Figure 5.2: Loading frequency response data into Coustyr model.
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[«

Select Frequencies to Load...

| selectall | [ Unselectal |

I Select by Frequency Range... J

Select Frequencies

< s aslglsik]els g g]xglclg]gs

Frequency:
Frequency:
Freguency:
Frequency:
Freguency:
Freguency:
Frequency:
Freguency:
Frequency:
Frequency:
Freguency:
Frequency:
Freguency:
Freguency:
Frequency:
Freguency:
Freguency:
Frequency:
Freguency:
Frequency:
Freguency:
Freguency:
Frequency:
Freguency:
Frequency:
Frequency:
Freguency:
Frequency:
Freguency:

100,0000 (Hz)
130.0000 (Hz)
160,0000 (Hz)
180.0924 (Hz)
190.0000 (Hz)
220.0000 (Hz)
250,0000 (Hz)
280.0000 (Hz)
310.0000 (Hz)
338.2615 (Hz)
340.0000 (Hz)
370.0000 (Hz)
400.0000 (Hz)
430.0000 (Hz)
454,4722 (Hz)
460.0000 (Hz)
434.2651 (Hz)
490.0000 (Hz)
506,2977 (Hz)
520,0000 (Hz)
550.0000 (Hz)
530.0000 (Hz)
09,9993 (Hz)
£40.0000 (Hz)
69,1083 (Hz)
£70.0000 (Hz)
£99.9999 (Hz)
729.9999 (Hz)
759.9999 (Hz)

L3

m

oK

]I Cancel

Figure 5.3: Select frequencies to load dialog box.
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5.1.2.3. Ansys rst File

Coustyx can retrieve the frequency response data from ANSYS results file in *.7st format.

5.1.2.4. Ansys rfrq File

Coustyz can retrieve the frequency response data from ANSYS results file in *.7frq format.

5.1.2.5. I-DEAS Universal File

Coustyzr provides translator to retrieve the frequency response data from files in I-DEAS
Universal file format.

5.1.2.6. Abaqus Output File

The ABAQUS *.0db file is the output database file from the ABAQUS FE analysis. Currently,
Coustyzx does not provide a translator for this data format. However, the user can read the data
by converting the ABAQUS output (*.0db) file to the NASTRAN Output2 (OP2) file format
using the ABAQUS command (refer [1]):

abaqus toOutput2 job=job-name

where job-name is the name of the ABAQUS output database file and also the name of the newly
created NASTRAN OP2 file.

Note that the results from ABAQUS are written to the NASTRAN OP2 file only when
applicable records exist in the ABAQUS output database (*.0db) file. To ensure the results to
be translated are available in an ABAQUS output database file, include the following *OUTPUT
options in the ABAQUS input file (refer [1]):

*0QUTPUT, FIELD
*NODE OUTPUT

U,

RF,

CF,

*ELEMENT OUTPUT
S,

E,

SF,

NFORC,

Other ABAQUS results not specified above are skipped during translation.

5.1.3. Loading Natural Mode Data

Select: Model — Structures — <Structure Mesh Name>.
Right-click on the desired structure mesh < Structure Mesh Name> and select Load Natural
Mode Data to load the natural modes data from a finite element analysis (refer to Figure 5.4).
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If the data is read successfully, a new dialog box with a list of natural frequencies available
in the data appears. See Figure 5.5. The user can select what natural frequencies to load
into the model. Use Select All, Unselect All, or Select by Frequency Range... buttons
to choose the natural frequencies of interest. The imported natural mode data includes the
natural frequencies and the corresponding mode shapes. These values could later be used to
define acoustic excitation (as boundary conditions) on the BE mesh (which is generated from
the structure FE mesh). The supported file formats are: Nastran OP2 file, Nastran Punch
File, Ansys Results File, and I-DEAS Universal File. The natural mode data can be cleared by
selecting Clear Natural Mode Data on the right-click menu.

| Ci\Users\vijay\ Coustyx, Examples'Indirect\MNasal ewisGearCasing/Model.cyx
File Edit Preferences Help

O = n Case | |Word | |RegExp
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----- [Z7] FE Meshes Delete
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----- 27 Analysis Sequeng (e
Edit
Help...
Load Freq. Response Data 4
Clear Freq Response Data
Load Natural Made Data » Mastran OP2 File...
Clear Matural Mode Data Mastran Punch File...

Ansys rst File...

Figure 5.4: Loading natural mode data into Coustyz model.

5.1.3.1. Copy to Frequency Response Data

Select: Model — Structures — <Structure Mesh Name> — Natural Mode Data —
<Mode>.

Right-click on the desired mode <Mode> and select Copy to Freq Response Data (refer
to Figure 5.6). The mode information from the Natural Mode Data is copied to the Freq
Response Data. This function is useful when the user wants to perform acoustic analysis
over a frequency range with the current mode as the structural velocity excitation. A structure
velocity boundary condition for the BE mesh is defined by specifying the Structure Name (refer
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Figure 5.5: Select natural frequencies to load dialog box.
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to Section 6.3.8 and Section 6.4.9). Coustyz uses the Freq Response Data of the specified
Structure Name as the excitation. We can apply natural modes as the structural velocity excita-
tion by copying the mode data to the frequency response data. Note that this action clears any
existing frequency response data while copying the selected mode data (refer to Figure 5.7). Also
note that only one mode could be copied to the frequency response data at a time. Once the
model setup is completed, one can perform acoustic analysis to obtain relative responses at var-
ious frequencies due to the applied modal excitation. Absolute values are irrelevant. Radiation
efficiency is one of the main results of interest in such an analysis.

| GearBoxWithModes.cyx
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Ueed 24 R (0 - a8 0 Dlcese [wad IR
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7] Interfaces 2y
(-] Boundary Conditions Paste
(-] Direct BE Meshes Delete
--[_] FE Meshes
-7 Domains Open
u Context Script Close
-] Analysis Sequences Edlit
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Figure 5.6: Copy the mode data to the frequency response data.

5.2. Exporting Mesh
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Alert (=3

This action will clear any existing frequency response data to copy
l * current mode data. Do you want to proceed?

QK l ’ Cancel

Figure 5.7: Alert message displayed before copying mode data to frequency response data.

Coustyx provides option to export a structure mesh or a boundary element mesh to a Nastran
bulk data format. To export a mesh: Right-click on the <Structure Mesh Name> or <Boundary
Element Mesh Name> and select Export — Nastran Bulk Data (.bdf) File (see Figure 5.8).

5.3. Forced Response Analysis using Modal Superposition

Select: Model — Structures — <Structure Mesh Name>.

The frequency response data (which is applied as the structure velocity boundary condition)
could either be imported from an external finite element forced response analysis (see Sec-
tion 5.1.2) or could be directly computed within Coustyx for the case when the natural modes
of the structure are already available. Coustyx uses modal superposition method to compute the
forced response analysis. Follow the steps below to compute the forced response using Coustyx:

e Load natural mode data. Load natural modes computed from any external finite el-
ement modal analysis. Note: Make sure the modes are ortho-normalized with respect to
the finite element mass matrix.

e Modify modal damping. Specify non-zero damping to restrict infinite responses at
natural frequencies.

e Apply loads. Apply nodal forces and/or moments prior to performing forced response
analysis.

e Perform modal superposition. Select analysis frequencies and the participating modes
to compute forced response.

5.3.1. Load Natural Mode Data

See Section 5.1.3 for details on how to load natural mode data. The natural modes are assumed
to be ortho-normalized with respect to the mass matrix. That is, ATMA =TI and ATKA = 02,
where A = [ajaz...a,] is the modal matrix containing natural mode vectors a;, M and K are
finite element mass and stiffness matrices, )? = Diag(w?,...,w?2), w; is the natural frequency,
and I is a unit matrix.
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Figure 5.8: Export mesh.
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5.3.2. Modify Modal Damping

Modal damping is the only damping model allowed in Coustyz. Modal damping is estimated
from the damping ratios (. A damping ratio is a unitless ratio of the damping constant (c) to
the critical damping constant (c.), ¢ = é Specify ¢ = 1 for critically damped systems, ¢ < 1
for underdamped systems, and ¢ > 1 for overdamped systems. A non-zero modal damping ratio
is necessary to restrict infinite responses at natural frequencies. The relation between damping
matrix C and damping ratios is, ATCA = Diag(..., 2¢;w;, ...), where A is the modal matrix, ¢;
and w; are damping ratio and natural frequency at the i** mode.

Edit Damping Ratios [ﬁ
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Mode1l | 180.0925 ' 0.000000 [v] |
Mode2 | 338.2615 ' 0.000000 |
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Moded | 484.2651 ' 0.000000 i
Mode5 | 506.2977 0.000000 |
Mode6 | 669, 1085 ' 0.000000 |
Mode7 | 8902688 0.000000 |
Mode8 | 950.5137 ' 0.000000 B
Mode9 | 1528.7089 0.000000

' Mode10 | 1620,3582 ' 0.000000
Mode11 | 1850,4165 0.000000

" Mode12 | 1892,9052 ' 0.000000
Mode13 | 1977.7131 0.000000

' Mode14 | 0531284 0.000000
Mode15 | 2151.9858 0.000000

" Mode16 | 2251.4260 ' 0.000000

~ Mode 17 2347.9280 _ 0.000000 5
= e e e ] e —

< I 0

| Madify Damping Ratios for Selected Modes... |
[ ok ][ cancel |

Figure 5.9: Damping ratios edit dialog box.

Follow the instructions below to edit modal damping ratios.
Select: Model — Structures — <Structure Mesh Name> — Natural Mode Data.
Right-click on Natural Mode Data and select Edit Damping Ratios.... A dialog window
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shown in Figure 5.9 appears. It contains a table that lists modes, their natural frequencies,
damping ratios, and selection (check) boxes. The user can modify the damping ratios individually
by directly editing the table. The damping ratios for a group of selected modes can be edited
by pressing the button Modify Damping Ratios for Selected Modes....

There are multiple ways to select modes in the table for editing: (a) check or uncheck the
selection box against a mode in the table, (b) use buttons Select All Modes or Unselect All
Modes to select or unselect all modes in the table, (c¢) use button Select Modes by Frequency
Range... to select modes lying within a frequency range (Figure 5.10). Set the upper and lower
frequency limits and press OK to select modes within the frequency limits.

Edit Damping Ratios |8 |

| Select All Modes | | Unselect All Modes |

[ Select Modes by Frequency Range... ]

Natural Freq. (Hz) | Damping Ratio Selection:
Mode1l | 180.0925 0.000000
Mode 2 338.2615 0.000000
Mode3 | 4544722 0.000000
oot | [of
[ =
Moded | 484,2651 _ 0.000000 |

Select Modes by Frequency Range

Frequency Range

Lower Limit: 18009246_8261?2

Mode 13 | 1877713 0.000000
 Mode14 | 053.1284 0.000000

Mode 15 | 21519858 0.000000
 Mode16 2251.4260 0.000000

Mode 17 | 2347.9280 0.000000
B T — =
4| T | b

| Modify Damping Ratios for Selected Modes... I

[_ Ok, ][ Cancel |

Figure 5.10: Select modes by frequency range.

The button Modify Damping Ratios for Selected Modes..., when pressed, opens up a
dialog box as shown in Figure 5.11. Select a method from the Specification drop-down menu
to compute damping ratios for selected modes:
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Frequency Dependent Damping Ratio Specify the Frequency Dependent Damping Ra-
tio through any of the frequency dependent types: Constant, Table, or Script. See Fig-
ure 5.11. For example, to define a 5% damping ratio for selected modes, select the frequency
dependence type to be Constant and enter a value of 0.05. You can also specify a Table or
a Script to define damping ratios varying with natural frequency. For example, a natural
frequency dependent damping ratio can be defined by a script that returns the following:
return(Eval(0.05*Frequency)). Note: the predefined variables Frequency or Angu-
larFreq in such scripts or tables represent natural frequencies. Press OK to compute
damping ratios and edit the table for selected modes.

- .
Edit Damping Ratios |i|
I Select All Modes | | Unselect All Modes ]
[ Select Modes by Frequency Range.., ]
‘ MNatural Freq. (Hz) ‘ Damping Ratio ‘ Salection: li
Model | 180.0925 0.000000
Mode2 | 338.2615 0.000000
Mode3 | 454.4722 0.000000
’ -
Edit Selected Modal Damping Ratios o

Spedfication:

Damping Ratio

Value

Erequency Dependence Type:

|F{'EquEI’]CY Dependent Damping Ratio -~ | Help

zl

[Ccnsiﬁnt

0.0

Mode14 | 2053.1284 0000000
Mode15 | 2151.9858 0.000000
Model6 | 2251,4260 0.000000

B

m

[ Madify Damping Ratios for Selected Modes... |

[ ok

[ o]

Figure 5.11: Edit selected modal damping ratios using Frequency dependent values.

Rayleigh Damping Rayleigh damping coefficents, Alpha a and Beta [ are defined through
this option. See Figure 5.12. Damping ratio for each selected mode is computed from «

and 3 as follows:

Gi= o

(07

Pw;
2w1‘ + 2

where (; is damping ratio and w; is the natural frequency at i** mode. The above equation
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is derived from the definition of modal damping and the relation between rayleigh damping

coefficients and the damping matrix: C = aM + K, where C is the damping matrix, M
and K are mass and stiffness matrices.

Edit Selected Modal Damping Ratios = |

Spedfication: Rayleigh Damping - | Help

Rayleigh Damping Coeffidents

Alpha: 0.10000000000000 Beta:  1.000000E-005

[ Ok ] [ Cancel

Figure 5.12: Edit selected modal damping ratios using Rayleigh damping coefficients.

5.3.3. Apply Loads

Select: Model — Structures — <Structure Mesh Name> — Loads.

E 1
MNew Load w
Node ID: 100

Force | Moment
Force
Frequency Dependence Type: @
Real{X) 0.0 Imaginary(®) 0.0
Real(y) 0.0 Imaginary(y) 0.0
Real{z) 0.0 Imaginary(Z) 0.0
[

Figure 5.13: Apply nodal force and moment.

Apply non-zero forces and/or moments to perform forced response analysis. Note that
Coustyx presently allows to only specify loads on the nodes. A nodal load is identified by the
node id and the force and/or moment applied at that node. To specify a new load, right-click
on Loads and select New. A dialog box as shown in Figure 5.13 appears. Enter a valid node
id and edit the frequency dependent variables: Force and Moment. Press OK to create a new
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load. If the node id is not present in the structure mesh or has already been used to define a
load Coustyr prompts the user to change the node id. Specify the force and moment through
any of the frequency dependence types: Constant, Table, or Script. Note that the predefined
variables Frequency or AngularFreq in the script or table represent analysis frequency.

To edit an existing load, right-click on the load in the model tree and select Edit. To delete
existing loads, right-click on a load and select Delete, or right-click on Loads and select Delete
All Loads.

5.3.4. Perform Modal Superposition

Modal superposition method decouples the equations of motion using mode shapes and nat-
ural frequencies. The decoupled system of equations that are solved in Coustyx are given below
(Note: e™7** convention is used):

—w?ATMAuU — jwATCAu+ ATKAu = A”"f

or,
—w?Tu — jwDiag(..., 2Cw;, .. )Ju + Q%u = ATf

where w is the analysis frequency, A = [ajas...a,] is the modal matrix with natural modes a;,
M is finite element mass matrix, C is the damping matrix, K is the stiffness matrix, Q% =
Diag(w?, w3, ...,w2), w; is the natural frequency, u is the generalized displacement vector, f is
the force vector, (; is the modal damping ratio, and I is a unit matrix.

The above decoupled system of equations is solved for the generalized displacements u. The
physical response (displacement x or velocity %) is then computed from the generalized displace-
ment u and modal matrix A as,

x = Au

and,
X = —jwAu

Follow the instructions below to perform forced response harmomnic analysis using modal
superposition in Coustyz.

Select: Model — Structures — <Structure Mesh Name> — Freq Response Data.

Right-click on the model tree member Freq Response Data and select Compute using
Modal Superposition.... Note that this option is active only when Natural Mode Data and
Loads are already specified. A dialog window as shown in Figure 5.14 appears. Enter analysis
frequencies using the table in the Frequency Range tabbed window. Refer Section 7.1.2 for
more details about the frequency range table. Select participating modes from the list in the
Mode Participation tabbed window. See Figure 5.15. There are multiple ways to select
modes: (a) check or uncheck the selection box against a mode in the list, (b) use buttons Select
All Modes or Unselect All Modes to select or unselect all modes, (c) use the button Select
Modes by Frequency Range... to select modes lying within a frequency range. Set the upper
and lower frequency limits and press OK to select modes within the frequency limits.

Once the analysis frequencies and the participating modes are selected, press the button
Compute Forced Response to start the forced response harmonic analysis using modal su-
perposition. The analysis results are stored into the model tree member Freq Response Data.
This data could later be applied as a structure velocity boundary condition for acoustic analysis.
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[ Forced Response from Modal Superposition m

Start (Hz) | Delta (Hz) No. Fregs. End (Hz) e

1 180092468 0.000000 1| 180.092468

2 338.261536| 0.000000 1 33826153

3 454,472198 0.000000 1| 454472198

a 484,265137 0.000000 1 484285137

5 506, 297668 | 0.000000 1| 508297668

6 669, 108459 0.000000 1 eeo.108458 |

7 890.268616 0.000000 1| 890268616

8 950,513733 0.000000 1 950.513733

9 1523,708862 0.000000 1| 1528708862

10 1620358154 0.000000 1| 1s20.358154,

11 1850.416504| 0.000000 1| 18s0.416504 | |

12 1892905151 0.000000 1 1892.905151

13 1977.713135| 0.000000 1| 1977713135

14 2053, 128418 0.000000 1| 2053,128418

15 2151,985840 0.000000 1| 2151985840

16 2351,426025/ 0.000000 1| 2251426025

17 2347,927979 0.000000 1| 2347927979

18 2534,029541 0.000000 1 2594029541

19 2646, 100098 0.000000 1| 2646, 100098

20 2762, 198486 0.000000 1| 2762, 198486 |

21 2844.599914 0.000000 1| 2844549414

23 :JQTE.':HGHEE: n.nnﬂnnn. 1 [ 291A.3505AR e

[ Compute Forced Response ] | Cancel

Figure 5.14: Perform modal superposition.
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Forced Response from Modal Superposition

Frequency Ranges | Mode Partidpation

| Select All Modes | | Unselect All Modes |

[ Select Modes by Frequency Range. .. J

Mode:
Mode:
| Mode:
Mode:

oy
L]

<Matural Frequency= 1977.7131 (Hz), Damping Ratio=0.000>
<Matural Frequency= 2053.1284 (Hz), Damping Ratio=0.000 =
<Matural Frequency= 2151,9858 (Hz), Damping Ratio=0.000=
<Matural Frequency= 2251,4250 (Hz), Damping Ratio=0.000>
Mode: «<Matural Frequency= 2347.9280 (Hz), Damping Ratio=0.000 >
Mode: <Matural Frequency= 2594.0295 (Hz), Damping Ratio=0.000=
Maode: 19 <Natural Frequency= 2646, 1001 (Hz), Damping Ratio=0.000>
Mode: 20 <Natural Frequency= 2762, 1985 (Hz), Damping Ratio=0,000=
Mode: 21 <Natural Freguency= 2844.6454 (Hz), Damping Ratio=0.000 >
Mode: 22 =<Natural Frequency= 2216.3306 (Hz), Damping Ratio=0.000 =
‘Mode: 23 <MNatural Frequency= 2926.0222 (Hz), Damping Ratio=0.000 =
Mode: 24 <Natural Frequency= 3010.9651 (Hz), Damping Ratio=0.000>
Mode: 25 <MNatural Frequency= 3036.3101 (Hz), Damping Ratio=0.000 >
Mode: 26 <Natural Frequency= 3127.1084 (Hz), Damping Ratio=0.000=

Maod=r 77 ~hahral Eramianmss— 3107 2497 =% Diarmnime D atin —0 000 -

BLERER

A A N Y S S R S LSRR YR

Select Modes
¥ Mode: 1 «Matural Frequency= 180.0925 (Hz), Damping Ratio=0.000> -
Mode: 2 <Matural Frequency= 333.2615 (Hz), Damping Ratio=0,000> M
Mode: 3 <Matural Frequency= 454.4722 (Hz), Damping Ratio=0.000
'Mode: 4 <Matural Frequency= 484.2651 (Hz), Damping Ratio=0.000>
Mode: 5 <Natural Frequency= 506.2977 (Hz), Damping Ratio=0,000>
Mode: & <Matural Frequency= 669.1085 {Hz), Damping Ratio=0.000>
‘Mode: 7 <Matural Frequency= 890.2686 (Hz), Damping Ratio=0.000>
Mode: 8 <Matural Frequency= 950,5137 (Hz), Damping Ratio=0.000>
Mode: 9 <Matural Frequency= 1528, 7089 (Hz), Damping Ratio=0.0003>
Mode: 10 <Natural Frequency= 1620.3582 (Hz), Damping Ratio=0.000= =
Maode: 11 <Natural Frequency= 1850.4165 (Hz), Damping Ratio=0.000=
'Mode: 12 <Matural Frequency= 1892.5052 (Hz), Damping Ratio=0.000>

LCompute Forced Response_] [ Cancel

Figure 5.15: Participating modes selection.
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5.4. Fill Hole

The Fill Hole tabbed window is located at the bottom pane of the Mesh Viewer window
(Figure 5.16). Coustyz uses an Optimized Delaunay Triangulation Method to fill holes. The
parameters used are shown in Figure 5.17. First, we will explain each of the parameters in the
Figure 5.17, and then discuss the procedure to fill a hole. (Figure 5.16)

e 5_;ructr_r_|e_sh_l] | 4 b x
| X| | ¥|Z]

*
LR
+|Q

Ref

LdLd
[HES

|¢|«|e|n|»

) Selected Coord Modes | = 5e|ectedEIémer¢s_ {3l Fill Hale: | =l Skin | = Stitch Seams | {2l Delete Elements | ' Element 6Her¢af\on|

Delsunay Triangulation Optimization Parameters —Fill Parameters

Maximum Mumber of Iteratlons:l 3600 ﬂ Element Type: | LIMEAR ‘!'I
Wlininnum Triandle Yertex Angle: | 30 :I Mew Set Name: | Hole_1

i l o I 15 T |
Maximum Triangle Ares Ratio, Eil Hale:

Figure 5.16: Coustyx GUI - Fill Hole.

5.4.1. Delaunay Triangulation Optimization Parameters
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| [_1 selected Coord Mades | 5 Selected Elements | {3 Fil Hole |a Skin | {5 Delete Elements I =3 Element Crientation
Delaunay Triangulation Optimization Parameters — Fill Parameters

Maximum Mumber of Tterations: 4000 = Element Type:  LINEAR -

Minimurn Triangle Vertesx Angle: 30 = Mew Set Mame:  Hole_1

Maximum Triangle Area Ratio: 1.5 =
Fill Hale

Figure 5.17: Fill Hole Parameters.

The parameters used by the Delaunay Triangulation method can be modified here. The
default set of parameters provided by Coustyz are sufficient for most of the cases. Coustyx goes
through number of iterations to optimize the shapes of triangles in the hole while satisfying
the limits defined by the parameters Minimum Triangle Vertex Angle, and Maximum
Triangle Area Ratio. (Figure 5.17)

Maximum Number of Iterations The maximum number of iterations allowed before termi-
nating the Delaunay Triangulation method.

Minimum Triangle Vertex Angle The minimum vertex angle of the triangle allowed. If the
triangle element formed by Delaunay Triangulation method has a vertex angle smaller than
this, that is if the element is skinny, the algorithm calls for more iterations to optimize the
mesh.

Maximum Triangle Area Ratio The maximum ratio of the largest to the smallest triangle
areas allowed. If the triangle elements formed by Delaunay Triangulation method have the
maximum triangle area ratio higher than the specified parameter, the algorithm calls for
more iterations to optimize the mesh.

5.4.2. Fill Parameters

Element Type This option specifies the type of triangle elements to be created to fill the hole.
Linear or Quadratic triangle elements can be created.

New Set Name All the triangle elements created to fill the hole can be conveniently added to
a Set during the process. This option specifies the name of the new Set.

Baffle Plane Option This option is available only for Indirect BE meshes in Indirect BE mod-
els. When selected, the elements created to fill the hole are considered to be on a baffle
plane.
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© Struckmesh_0 | 4bx
| [ £ ¥[ 2]
&=
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el it Select Elements Connected Through Coordhiodes

Hide:
Set Boundary Condition

(1 selected Coord Hodes | (=3 Selected Elements. = Fill Hole |ES&”| {23 Shitch Seams | {23 Delete Elements | 3 Element Orientation |

Delaunay Triangulation Optimization Parameters —Fill Parameters ———————————————————

simum imber of Iterations:[ 200 =] | Flemen: Typer [LINEAR  v]

Minimum Trisngle Yertes Angle:| 30 j [lew Sef Mame: I Hole_1

Maximum Triangle Ares Ratic: | 1.5 Eilaae |

Helo)

Figure 5.18: Display Connected Nodes
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5.4.3. Procedure to Fill Hole

Follow these steps to fill a hole:
e Open any mesh in the GUI by right-clicking on the mesh and selecting Open.

e Set the parameters for hole filling in the Fill Hole tabbed window. Refer to the Sec-
tion 5.4.1 and Section 5.4.2 to set Delaunay Triangulation Optimization Parameters and
Fill Parameters (Refer to Figure 5.17).

e Select few elements whose edges coincide with the hole edge. To select an element in the
GUI: Left-click on the element with the shift-key held down.

e Display connected nodes for the selected elements. Right-click on the selected elements with
the shift-key held down and select: Operations on Selection — Selected Elements —
Display Connected Nodes. (Figure 5.18)

e The Delaunay Triangulation method requires at least three nodes to be identified on the
edge of the hole to auto-fill the hole with triangle elements. (Refer to Figure 5.16)

e Choose three or more nodes to form a unique closed loop on the edge of the hole. To select
a node: Left-click on the node with the shift-key held down. Note: You should only select
nodes on the corners of the elements, not mid-side nodes. Once a closed loop is identified
Coustyx auto fills the hole with outlines of triangle elements for preview.

e Select the type of triangle elements to be filled in the hole: Fill Hole — Element Type
— LINEAR or QUADRATIC.

e Rename the Set: Fill Hole — New Set Name — <Set Name>.

e Accept the triangulation of the hole by pressing Fill Hole — Fill Hole button at the
bottom of the window. (Refer to Figure 5.17)

5.5. Skin

Coustyz has the ability to skin the 3-D FE structure mesh to create a 2-D surface mesh used
for BEA. The Manipulation Task Function Skin is located in a tabbed window at the bottom of
the Mesh Viewer window (refer to Figure 5.26).

Coustyz offers the option to specify seams to avoid skinning the unwanted regions of a FE
Mesh. More details on how to create a seam are given in Section 5.5.3. Once the seams are
created, the structure mesh can be skinned to obtain surface mesh. For structure components
with zero thickness, such as ribs, there is no need to create seams on the edges. Coustyz
identifies these 2-D elements and creates surface mesh without duplication in the Indirect BE
model. However, ribs cannot be skinned in a MultiDomain model. For a MultiDomain model if
the skin is allowed to propagate to both sides of a 2-D element no surface mesh is generated.

Use any of the other Manipulation Task Functions to visually inspect the FE mesh, fix any
inconsistencies, etc., before skinning.
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File Edit Preferences Help

W= = | H B |7‘|‘!‘ M, B8 [Tcase] [Word[ JRecExp 14 4 B Bl |17b1
-4y Madel | % Structmesh_0 |

Type <Indirect>

Version < L00.00>

-+[=] Madel Description

[=1-423 Structures

: Structmesh_0

-] Materials

{7 Planes

_ Indirect BE Mesh <Mesh>
|5] Context Script

{7 Analysis Sequences

i Log

Error: Incompatible slements I0=13091 and [D=13473
Error: Incompatible elements 10=17763 and [D=134&3
Error: Incompatible elements I0=12806 and [D=13504
Error: Incompatible slements ID=13599 and [D=13&00
Error: Incompatible elements ID=13615 and [D=13616
Error; Incompatible elements ID=13520 and [D=13622

Error: Incompatible elements ID=13627 and [D=13630

Error: Found element connectivity errors in mesh. Unable to o
Fix the mesh and retry.

"I T — b

O

| e ] -S_elcqted.gmqrd_.modes_,l £ Selected Elements | il H-\_:v!e._| {23 skin |S New Element I ‘] Stitch Seams I ]

I Accept Seam | | Stop Skinning || Creabe Mesh From Skin |

| Delete Selected Seams || Clear Skin |

I Delete All Seams ‘

Create Skin

Help!

Figure 5.19: Press Skin — Create Skin to check for incompatible elements.
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Operations on Selection:

Unselect All
Select All Displayed Elements
Select All Bad Elements

Selected Elements
Select All Displayed odes

Select All Bad Modes
Selected Mades

| (1 Selected Coord Nodes | (= Selected Elements | (] Fill Hole | =3 Skin |5 New Element | (=3 Stitch Seams | 1 4]+

! Accept Seam | | Stop Skinning ” Creabe Mesh From Skin |

| Dielete Selected Seams || Clear Skin |

| Delete all S2ams |

i Create Skin |

Help

Figure 5.20: Select all Bad Elements.
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Figure 5.21: Add Bad Elements to a Set.
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Figure 5.22: Display Set of Bad Elements.
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Operations on Selection:

Unselect All
Select All Displayed Elements

Select All Bad Elements

Selected Elements 3 Unselect

Display Style...
Display Connected Nades

Select All Displayed MNodes

Select All Bad Mades
Select Elements Connected Through CoordModes

Selected Modes 3
Hide
Mades | = selected Elements | =] Fill Ho|e| {3l Skin |a Mew Elerr Sy Carin >
Stop Skinning || Create Mesh From Skin Add to Set »
ams || Clear Skin Remave from Set L4

Figure 5.23: Display Connected Nodes of Selected Element.

Operations on Selection:

Unselect All
Select All Displayed Elements
Select All Bad Elements

Selected Elements 3

Select All Displayed Modes

Select All Bacl Mades

| 21 Selected Coord Nades | e

Selected Mocles 3 Unselect
Accept Seam Stop Skinning || Create Mesh From Skin Display Style...
Display Connected Elements

Delete Selected Seams Clear Skin

Hide
Delete &ll Seams

Create Skin Add to Set 3

Remave from Set 3

Figure 5.24: Display Connected Elements of Selected Node.
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5.5.1. Treatment of Bad Elements

Coustyzr performs consistency checks before skinning the FE mesh. Press Skin — Create
Skin button to start these checks. If there are no inconsistencies in the FE structure mesh then
Coustyz proceeds with the skinning process. However, when the FE mesh has elements with bad
coordinate connectivity, Coustyx throws error messages in the log window. The error messages
show the IDs of the incompatible elements. These Bad Elements have inconsistent coordinate
connectivity with respect to their neighboring elements. The user needs to manually fix the
mesh by treating the Bad elements appropriately.

The steps to be followed to treat Bad elements in a FE mesh are:

Press Skin — Create Skin button. If the FE structure mesh has elements with bad
coordinate connectivity then Coustyz throws error messages in the log window and asks
the user to fix these Bad Elements before attempting to skin again. (Figure 5.19)

To unselect all displayed elements in the GUI, right-click with shift-key held down and
select: Operations on Selection — Unselect All.

Select all Bad Elements in the FE mesh by right-clicking on the GUI while holding down
the shift-key and choosing Operations on Selection — Select all Bad Elements.
(Figure 5.20)

Create a new set by choosing Model — Structures — <Structure Mesh Name> — Sets.
Right-click on Sets and select New. Rename the new set to <Bad Elements Set>. To add
Bad Elements right-click on <Bad Elements Set> and select Elements — Add Selection
to Set. (Figure 5.21)

Go to Model — Structures — <Struct Mesh Name> — Elements. Right-click and
select Hide All to hide all the elements in the GUI.

Now display only Bad Elements to start fixing them. Go to Structures — <Structure
Mesh Name> — Sets — <Bad FElements Set> and right-click to select Elements —
Display All. (Figure 5.22)

Select a Bad Element by left-clicking on it while holding down the shift-key. To display co-
ordinate nodes of this element, right-click with shift-key held down and select: Operations
on Selection — Selected Elements — Display Connected Nodes. (Figure 5.23)

Select any one of the coordinate nodes of the Bad Element by left-clicking on the node while
holding down the shift-key. Then right-click and select: Operations on Selection —
Selected Nodes — Display Connected Elements to display all the elements connected
to that node (neighboring elements). (Figure 5.24)

Check how the coordinate connectivity of the Bad Element is not compatible with its
neighbors. Treat the Bad Element appropriately based on the kind of incompatibility.
Some of the most common types of Bad Elements found in FE meshes are listed in the Ta-
ble 5.1 along with valid treatments. If required delete the Bad Element (or its neighboring
elements) using the Manipulation Task Function Delete Elements. New elements can be
created using the Manipulation Task Function New Element.
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Table 5.1: Some of the common types of Bad Elements and their Treatment.

Bad Elements

Treatment

e Incompatible coordinate connectivity be-
tween elements 3 and 1(2).

e Delete elements 1, 2 and 3.

e Create a new element using the coordi-
nates 1, 2, 3 and 4.

e Overlapping elements 1 and 2. These ele-
ments have the same coordinate nodes 1,
2, 3 and 4.

e Delete any one of the overlapping ele-
ments.
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5.5.2. Free Edges in a FE Mesh

While in the Skin tabbed window, Coustyz displays all the Free Fdges in the FE mesh in color
Blue. (Figure 5.25)

esh_0 |

| 3 selected Coord Modes | = Selected Elements | (=5 Fil Hole | =3 Skin |
| Accept Seam |

i Stop Skinning |i Creake Mesh From Skin i
| Dielete Selected Seams H Clear Skin |

| Dilete Al Seanil

| Create Skin |

@.
Figure 5.25: Mesh with free edges shown in blue (color).

5.5.3. Create Seam

Seams are demarcation lines which stop the propagation of skin beyond them. Listed below
are some examples where seams are created to skin only the desired side of a mesh.

e A seam around a hole edge will avoid skinning through the hole averting the propagation
of the skin to the other side of the mesh.

e Another example where seams are useful is in case of a FE mesh representing a symmetrical
geometry. In that case the FE mesh doesn’t enclose a closed volume and to skin only one
side of the mesh we have to specify seams at the mesh edges on the symmetry planes.
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Figure 5.26: Create Seams.
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5.5.3.1. Procedure to Create Seams

Follow the steps below to create a seam:

Select a few of the elements through which the seam is supposed to pass through. To
select an element in the GUI: Left-click on the element with the shift-key held down.
(Figure 5.27)

To display coordinate nodes of selected elements, right-click with shift-key held down
and select: Operations on Selection — Selected Elements — Display Connected
Nodes. (Figure 5.28)

Choose the nodes in the path of the seam to be created. To select a node: Left-click on the
node with the shift-key held down. Note: You should only select nodes on the corners of the
elements, not mid-side nodes. Once three or more nodes are selected the seam connecting
these nodes is drawn if Coustyzr finds a valid path. Seams are constructed based on the
shortest path identified by Coustyz while connecting all the selected nodes. It may appear
that a seam is not being drawn, if Coustyzr cannot find a closed path. However, as more
nodes are selected in a valid closed path, the seam will be drawn. Only the last selected
node can be unselected without disturbing the rest of the node list in the seam. If a node
from the seam is arbitrarily unselected, there will be problem in finding the correct closed
path. (Figure 5.29)

Accept the seam by pressing: Skin — Accept Seam. See Figure 5.30. Delete Selected
Seams and Delete All Seams could be used to remove seams already constructed. To
select a seam for deletion, left-click on the seam while holding down the shift-key.

5.5.4. Create Skin

Unselect all elements by right-clicking on the mesh in the GUI and selecting Operations
on Selection — Unselect All.

If necessary, form the first seam as described in Section 5.5.3. If the seam is acceptable,
click on Skin — Accept Seam. (Figure 5.26)

Repeat the above process until all the number of necessary seams are created.

Choose any one face of an element, preferably on the side of the acoustic domain you are
interested in, to start skinning. To select an element in the GUI: Left-click on the element
with the shift-key held down. To ensure skinning is done accurately, unselect all elements
in the GUI by right-clicking with the shift-key held down and selecting Operations on
Selection — Unselect All

To start the propagation of skin across the mesh select: Skin — Create Skin. The skin
propagation starts from the selected element and covers the entire mesh defined within
seams. The skin that is going to be used to create the BE mesh is shown in color Red for
inspection. Check if entire mesh you are interested is covered. See Figure 5.31.
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Figure 5.27: Select Elements for Creating a Seam.

e The propagation of the skin could be stopped at any time by pressing: Skin — Stop
Skinning.

e The created skin can be cleared by pressing: Skin — Clear Skin.

e Once you are satisfied with the skin, a new BE mesh can be created using this skin by
pressing: Skin — Create Mesh From Skin button.

5.6. New Element

This tabbed window is located at the bottom pane of the Mesh Viewer window. It is used to
fill gaps in the mesh by creating new surface (2D) elements. This function is especially useful in
creating new elements for cases where the functions Fill Hole and Stitch Seams can not be used.
A new element is added by specifying the coordinate node ids and the type of the element to be
created. Figure 5.32 shows the window to create a new element in a BE mesh.

e Left-click with shift-key held down to select elements.

e Right-click with shift-key held down and select: Operations on Selection: Selected
Elements — Display Connected Nodes.

e Go to the New Element tab and select the shape and type of the new element.

e Begin building the new element by selecting nodes. Element Coord Node ID show the
IDs of the nodes selected in sequence.
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Figure 5.28: Display Connected Nodes for Selected Elements.
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Figure 5.29: Choose Nodes for Creating Seams.
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Figure 5.30: Accept Seam.
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Figure 5.31: Create Skin.
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e To select a node in the GUI: left-click on it with the shift-key held down.

Coustyz provides options to create new Triangle or Quadrilateral elements with linear,
quadratic, or cubic interpolation schemes. The coordinate nodes for the new element are read by
selecting nodes in the GUI. For the formation of a new element, Coustyr needs the coordinate
nodes to be assigned in the proper sequence. Figure 5.33 shows the coordinate node connectivi-
ties for all the element shapes provided by Coustyx. The coordinate nodes should be chosen in
the same order as required by the node numbering shown in the Figure 5.33. The center nodes
in higher order elements are optional and are absent for elements created through this function.
Once all the coordinate nodes are selected properly, an outline of the new element is shown as
a preview in the GUIL If the element looks OK, then create the new element by clicking on the
Accept button. At any time the selected nodes are deleted by clicking on Clear Node which
deletes only the selected node, or by clicking on Clear All Nodes which deletes all the nodes.

Shape The shape of the new element can be chosen to be either Triangle or Quadrilateral from
the drop down menu.

Order The order of the coordinate interpolation used on the new element. It can be either of
the following three options: Linear - new element with linear interpolation; Quadratic -
new element with quadratic interpolation; Cubic - new element with cubic interpolation.

| [ selected Coord Nodes | =4 Selected Elements I [ Fill Hole | {3 Mew Element |@ Delete Elements | 4 Element Orientationl

L Shape: TRIAMGLE - 1 2 3

/ : Coord Node ID[__|
F. N Order: LINEAR -
s~ %

Clear Mode || Clear Al Modes Accept

Figure 5.32: Create new element window.

5.7. Stitch Seams

The Stitch Seams tabbed window is located at the bottom pane the Mesh Viewer window.
This function could be used to fill gaps between disjointed parts of a structure mesh by generating
new triangle elements between the seams defined. Refer to Figure 5.34.

5.7.1. Set Parameters

Seams form closed loops When this option is enabled, Coustyz assumes that the seam forms
a closed loop and tries to find a closed path by connecting the selected coordinate nodes.
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Figure 5.33: New elements coordinate node connectivity.
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Figure 5.34: Stitch Seam Dialog Panel

If disabled, Coustyr assumes that the seam does not form a closed loop and just tries to
connect the selected coordinate nodes to form a curve.

Element Type This option specifies the type of triangle elements to be filled in the gap between
disjoint seams. Linear or Quadratic triangle elements can be created.

New Set Name All the triangle elements created to fill the gap can be conveniently added to
a Set during the process. This option specifies the name of the new Set.

5.7.2. Procedure to Stitch Seams

Follow the steps below to stitch a seam:

e Open any mesh in the GUI by right-clicking on the mesh and selecting Open.

e Enable Stitch Seams — Seams form closed loops if the seams are expected to form a
closed loop. If not disable this.

e Select elements that coincide with the seam edges. To select an element in the GUI:
Left-click on the element with the shift-key held down. (Refer to Figure 5.35)

e Display connected nodes for the selected elements. Right-click on the selected elements with
the shift-key held down and select: Operations on Selection — Selected Elements —
Display Connected Nodes. See Figure 5.36.

e Choose the nodes in the path of the seam to be created. To select a node: Left-click
on the node with the shift-key held down. Note: You should only select nodes on the
corners of the elements, not mid-side nodes. Once three or more nodes are selected the
seam connecting these nodes is drawn if Coustyz finds a valid path. Seams are constructed
based on the shortest path identified by Coustyr while connecting all the selected nodes.
See Figure 5.37.

e Accept the first seam by pressing: Stitch Seams — Accept Seam 1.
e Repeat steps mentioned above to create Seam 2. See Figure 5.38.

e To delete a seam, select: Stitch Seams — Delete Seam 1 or Delete Seam 2.
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e Once two valid seams are created, Coustyz fills up the gap between the seams with trans-
parent 2-D triangle elements for inspection. See Figure 5.39.

Select the type of triangle elements to be filled in the gap: Stitch Seams — Element
Type — LINEAR or QUADRATIC.

Rename the Set: Stitch Seams — New Set Name — <Set Name>.

To accept the stitch click on: Stitch Seams — Stitch Seams. See Figure 5.40.

Figure 5.35: Select Elements.

5.8. Delete Elements

This tabbed window is located at the bottom pane of the Mesh Viewer window. It could
be used to delete selected elements in the Mesh Viewer window (refer to Figure 5.41). Coustyx
provides options to remove unshared coordinate nodes and unshared variable nodes of the deleted
element.

Delete Unshared Coord Nodes When this option is enabled, the unshared coordinate nodes
of selected elements are deleted along with the elements.

Delete Unshared Variable Nodes When this option is enabled, the unshared acoustic vari-
able nodes of selected elements are deleted along with the elements. By default this option
is enabled as it is necessary to delete unshared acoustic variable nodes to reduce the number
of unknowns.
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Figure 5.36: Display Connected Nodes for Elements.

Figure 5.37: Seam 1.
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Figure 5.38: Seam 2.

Figure 5.39: Transparent elements shown for inspection before Stitching Seams.
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Figure 5.40: Complete Stitched Seam.
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Figure 5.41: Delete element window.
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5.9. Merge Nodes

This tabbed window is located at the bottom pane of the Mesh Viewer window. It is used to
merge selected nodes with all coincident nodes in the Mesh Viewer window (refer to Figure 5.42).
Press the button Merge Selected Coord Nodes with All Coincident Nodes to perform
this task. Note that this button is active only when nodes are selected in the GUIL. Coustyz
also provides option to enter Merge Distance, which is used as the maximum distance within
which coincident nodes lie. The option to remove unshared coordinate nodes is also provided.
Follow the following instructions to merge coincident nodes.

e Enter the value for merge distance: Merge Nodes — Merge Distance.

e Select the element containing the desired node by left-clicking on it while holding down
the shift-key.

e Right-click with shift-key held down and select: Operations on Selection: Selected
Elements — Display Connected Nodes.

e Select the desired node by left-clicking on it while holding down the shift-key.

e Press Merge Nodes — Merge Selected Coord Nodes with All Coincident Nodes
to merge the selected node with all coincident nodes.

| [ Selected Coord Modes | =3 Selected Elements | = Fill Hole | {3 New Element | =4 Stitch Seams | {4 Delete Elements | {3 Merge Modes 5 Elerr * |

Delete Unshared Coord Modes:
Merge Distance:  1.000000E-006
Merge Selected Coord Modes with all Concident Modes

Figure 5.42: Merge Nodes window.

Delete Unshared Coord Nodes When this option is enabled, the unshared coordinate nodes
left after the merge are deleted.

Merge Distance A node is considered coincident with the selected node if the distance between
the two is less than the merge distance. Note that the merge distance units are the same
as the FE mesh length units.

5.10. Split Pn Nodes / Split Sigma Nodes

This tabbed window is located at the bottom pane of the Mesh Viewer window. It helps user split
Pn Nodes or Sigma Nodes in MultiDomain or Indirect models respectively. This feature is
primarily useful for creating duplicate nodes along the common edge of adjacent elements with
different velocity boundary conditions. To accurately model the welocity discontinuity along
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the common boundary of these adjacent elements, you need to have duplicate Pn or Sigma
nodes. Please be aware that for most other cases, such as geometry discontinuities, edges, cor-
ners, junctions etc., Coustyr automatically creates appropriate duplicate nodes during skinning.
Figure 5.43 shows the window for Split Pn Nodes or Split Sigma Nodes.
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Figure 5.43: Split Pn Nodes (Split Sigma Nodes) window showing duplicate nodes along edges.
Note: During skinning, Coustyz automatically creates duplicate nodes for most common cases,
such as geometry discontinuities, edges, corners, junctions etc.

o Left-click with shift-key held down to select elements.

e Click on Display Connected Pn Nodes (Display Connected Sigma Nodes) to
display Pn Nodes (Sigma Nodes) for all selected elements in a MultiDomain (Indirect)
model .

o Left-click with shift-key held down to select a displayed node in the GUIL. To select all dis-
played nodes, click on Select Displayed Pn Nodes (Select Displayed Sigma Nodes).

e To unselect selected nodes, click on Unselect or left-click on a selected node with the
shift-key held down.
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e To hide selected nodes, click on Hide.

e To merge coincident nodes among the selected nodes, click on Merge Coincident Pn
Nodes (Merge Coincident Sigma Nodes). When a node is mistakenly split, this
function would be helpful to get back to the original state.

o Left-click with shift-key held down to select elements and add them to Group 1 (Group 2)
by clicking on Add to Group 1 (Add to Group 2). See Figure 5.44 and Figure 5.45.
The elements added to Group 1 are displayed in Red and the elements added to Group
2 are displayed in Blue. To delete elements from a Group, select the element and click
on Delete from Group 1 (Delete from Group 2). Note: We need to first create two
different groups of elements between which common nodes are split.

e After adding elements to Group 1 and Group 2, click on Split All Shared Pn Nodes
between Groups (Split All Shared Sigma Nodes between Groups) to split all
shared nodes between Group 1 and Group 2. See Figure 5.46.

e To split only few selected nodes (not all shared nodes) between elements belonging to Group
1 and Group 2, first select nodes by left-clicking on them while holding down the shift-
key, then click on Split Pn Nodes between Groups (Split Sigma Nodes between
Groups). Ouly selected nodes are split between Group 1 and Group 2. See Figure 5.47
and Figure 5.48.

e Note: It is important to understand that if a node to be split is shared not only between
elements belonging to Group 1 and Group 2, but also between some more elements be-
longing to neither group, then it is split among Group 1, Group 2 and the rest of elements.
For example, let us assume a node is being shared by four elements - A, B, C, and D. See
Figure 5.49. If A is added to Group 1, B to Group 2 (C, D are not added to any group),
when the shared node is split, Coustyz splits the node into 3 different nodes: node 1 for
Group 1 (Element A), node 2 for Group 2 (Element B), and node 3 for the rest of elements
that belong to neither groups (Elements C and D). See Figure 5.50.

5.11. Element Orientation

This tabbed window is located at the bottom pane of the Mesh Viewer window. It is used to
view and/or flip the normals of the selected elements in the GUI (refer to Figure 5.51). Left-click
on any element in the GUI with shift-key held down to view its orientation. To view orientations
of all the elements in the GUI, right-click with shift-key held down and select Operation on
Selection: Select All Displayed Elements. Note that green arrow represents the positive
side and the red arrow represents the negative side of the element normal.

Flip Selected Elements This is used to flip the normals of selected elements. When an el-
ement normal is flipped the coordinate connectivity and variable node connectivity are
automatically modified to reflect these changes.
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Figure 5.44: After adding elements to Group 1. Notice that the elements belonging to Group 1
are displayed in red.
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Figure 5.45: After adding elements to Group 2. Notice that the elements belonging to Group 2
are displayed in blue.
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Figure 5.46: After splitting all shared nodes between Group 1 and Group 2. Notice that the
nodes along common edges of elements in Group 1 and Group 2 are split into two.

Figure 5.47: Before splitting a selected node between Group 1 and Group 2.
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Figure 5.48: After splitting a selected node between Group 1 and Group 2.

Figure 5.49: Before splitting a node shared by Group 1 (Element A) and Group 2 (Element B).
Note that the node is also shared by Elements C and D (that belong to neither Group 1 nor
Group 2).

Figure 5.50: After splitting the shared node among Group 1 (Element A), Group 2 (Element B)
and unselected elements (Elements C and D).
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Make Mesh Consistent with Selected Element This makes all the element normals in the
mesh consistent with the normal of the selected element. This option is active only when
one element is selected. For MultiDomain models, it is important that all elements are
consistently oriented.

Make Selected Elements Consistent with Each Other This makes selected element nor-
mals consistent with each other. This option is active only when more than one element
is selected. Note that this operation is skipped when the group of selected elements have
junctions in their midst or when not all the selected elements are connected to one another
through coordinate nodes.

Figure 5.51: Element orientations window.
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Chapter 6

Boundary Conditions

Boundary conditions (BCs) are used in Coustyz to model reflection, absorption, or excitation of
sound waves from the boundary surfaces.

Coustyz offers wide variety of boundary conditions for both MultiDomain and Indirect BE
models. The user defines the boundary conditions as separate entities which are named uniquely.
These boundary conditions can later be applied to the individual elements directly or collectively
through sets (group of elements), before running the analysis.

6.1. Impedance Definition in Coustyx

Coustyz supports impedance boundary conditions to simulate the presence of sound absorbing
materials.

Sound pressure (p) at the surface of the acoustic material (Figure 6.1) is related to particle
normal velocity (vp;) as

P _z (6.1)

Uni — Un_wall
where Z = R+jX is the impedance of the acoustic material, R and X are the real and imaginary
parts of Z, and vp_wap is the wall (or structure) velocity. The particle normal velocity vy,; at
any point on the sample surface is the inward normal component of the fluid velocity (¥) at that
point, that is, v,; = v.nj, where n; is the inward normal direction pointing into the acoustic
material and out of the fluid. Figure 6.1 shows the impedance definition followed in Coustyz
for a rigid wall case (vn_weu = 0). This definition is consistent with the definition described in
Pierce [1].

One of the popular methods used to measure impedance (Z) of a material is the impedance-
tube method. The values of Z are deduced from the standing wave pattern developed when
excited by a plane wave in a cylindrical tube (impedance-tube) with acoustic material sample at
one end Pierce [1].

The time dependence of oscillating quantities in Coustyz follow e~7“! convention, where
w is frequency of fluctuation. If the user adopts e’! convention during measurements then
the impedance value should be appropriately modified before using in Coustyzr. For example,
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Figure 6.1: Definition of impedance.Note p is the pressure and v,,; is the particle normal velocity
in n; direction at the surface of the material.

impedance value, Z = R+ jX, adopted from the experimental data with e/“* convention should
be modified to Z = R — jX to account for the difference in the convention.

Figure 6.2 shows the normalized impedance values measured for a foam of 1-inch thick-
ness. The values are measured using the e=7“! convention. Observe that the imaginary part
of impedance X is positive at sufficiently low frequencies, and the real part of impedance R
is positive at all frequencies. Most acoustic materials and backing combinations are stiffness
controlled at low frequency [1]. Hence the value of X in Figure 6.2 is large and positive for lower
frequencies. Also, the impedance material absorbs acoustic energy. For the sound power to be
absorbed by the impedance material, the real part of impedance R should be positive. This
can derived as follows:

From the definition of impedance in Figure 6.1, the average sound power per unit area
absorbed by the impedance material can be reduced to

1 1 1
Power = iRe(pv;‘n) = iRe([R +iX]vpvy,) = iR |vni|? (6.2)

where Re stands for “real part of” and * represents the complex conjugate.
For the sound power to be absorbed the value of R should be positive.

6.2. Interpolation Options for Mismatched Meshes

Interpolation options are used to apply (structure) velocities from a structure mesh to a
mismatched boundary element mesh. Note that these options are available only for bound-
ary conditions that use Structure Velocity. In this section, we will learn the kind of velocity
interpolation performed for mismatched meshes and the options to control it.
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Figure 6.2: Specific acoustic impedance Z/p,c = R/poc + jX/poc for a foam of 1-inch thickness
measured using e 7“! convention.
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A boundary element (BE) mesh and a structure mesh are said to be mismatched when not
all nodes in the BE mesh have a corresponding node in the structure mesh that is coincident (by
position). In such cases, nodal velocities at mismatched BE nodes are estimated by interpolating
velocities from the nearby structure nodes (also referred to as interpolating points). Refer to

Figure 6.3. For two matching meshes the velocities at structure nodes are directly applied to
BE nodes.

d4
d3

Figure 6.3: Interpolation for mismatched meshes.

Coustyx employs an inverse distance weighted interpolation method to estimate velocities at
the mismatched nodes. The inverse of the distance between the BE node and the interpolating
point is used as the weight. This approach diminishes the effect of far away interpolating points
with respect to the nearby points. Employing this approach, the unknown velocity at a BE node
is estimated by computing the weighted average of known velocities at ‘N’ nearby interpolating
points collected from the structure mesh. Thus, the velocity at a mismatched BE node (v(5))
computed from the four interpolating points (shown in Figure 6.3) is given by

1 1 1 1
U(S)_EU1+£U2+£U3+£U3 (63)
- L+L+L+L :
di T d T ds T da

Various options that control the number of interpolation points and the search criteria are
discussed below. Figure 6.13.

Choose Default Options Enable this to use default options. In the default options the num-
ber of interpolation points are automatically set to four. Coustyx searches for the four
nearest interpolating points (or structure nodes) for a given BE node. Then, the weighted
average of the velocities at these points is computed and applied as the nodal velocity to
the BE node (Equation 6.3). Weights are obtained from the inverse of the distance between
the BE node and the interpolating points.

The search for interpolating points is terminated only when all the four nearest structure
nodes are found or the entire structure mesh is searched, which ever happens first. If no
interpolation points are found during the search, a zero nodal velocity is assigned to the
BE node.
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If the user wants to terminate the search sooner (than the search over the entire structure
mesh), or change the number of interpolating points (from four), then disable this option
and set the user options manually.

Number of Interpolating Points This option sets the number of points (N) to be used for
the velocity interpolation.

The search for interpolating points is terminated when any of the following criteria is met:
(a) ‘N’ nearest structure nodes are found, (b) maximum search distance from the BE node
position is reached, (c) (optional) when the relative weight (in percentage) at the farthest
point is less than a user defined tolerance. If no interpolation points are found during the
search, a zero nodal velocity is assigned to the BE node.

Maximum Search Distance This option sets the maximum distance away from a BE node
within which the search for ‘N’ nearest interpolating points is performed.

The search for interpolating points is terminated when any of the following criteria is met:
(a) ‘N’ nearest structure nodes are found, (b) maximum search distance from the BE node
position is reached, (c) (optional) when the relative weight (in percentage) at the farthest
point is less than a user defined tolerance. If no interpolation points are found during the
search, a zero nodal velocity is assigned to the BE node.

Terminate if Percentage Weight of Farthest Point is less than This sets the option to
terminate the search when the percentage weight of the farthest point is less than a user
defined tolerance (tol). That is, the search is terminated if the following is true:

1

e %100 < tol

d;

where dy, is the distance of the farthest interpolating point from the BE node, and ) % is
the sum of the weights of all interpolating points.

This option is specifically useful if the user wants to discard interpolating points that
contribute less than a specified tolerance value compared to others, even when there are
less than ‘N’ interpolation points or the point lies with in the maximum search distance.

The search for interpolating points is terminated when any of the following criteria is met:
(a) ‘N’ nearest structure nodes are found, (b) maximum search distance from the BE node
position is reached, (¢) when the percentage weight at the farthest point is less than a
user defined tolerance. If no interpolation points are found during the search, a zero nodal
velocity is assigned to the BE node.

6.3. Multi-Domain Model BCs

The primary variables in MultiDomain models are pressure (p) and normal derivative of
pressure (p,). And the boundary conditions are applied in terms of pressure, velocity, and
impedances on the BE surfaces.
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Before we discuss how to define different boundary conditions, the user should understand
the distinction between Mesh Normal and Domain Normal in a MultiDomain model (Figure 6.4),
in order to assign the boundary velocities correctly.

e Domain Normal is defined to be always pointing away from the domain of interest.
Figure 6.4 shows opposite domain normals for interior and exterior problems but having
the same mesh normal. For the exterior problem, the domain of interest is the exterior
region and hence the domain normal is pointing inward; while the domain normal for the
interior problem is pointing outward.

Coustyr MultiDomain BE formulation is derived based on the assumption that the domain
normal always points away from the domain of interest. All the derivatives in the formu-
lation are with respect to the domain normal. Hence the boundary conditions in a
MultiDomain model must be defined with respect to the domain normal.

e Mesh Normal at a specified point is the surface normal at that point based on the element
orientation. The element orientation depends on the element coordinate connectivity. In
Figure 6.4, the element normal is arbitrarily assumed to be pointing inward. The direction
of mesh normal is irrelevant while defining boundary condition.

Exterior Problem

Sv Sv /4 Ny

/

Sp, m T Sp,

m

Interior Problem

Sz

(a) Exterior problem (b) Interior problem

Sz

Figure 6.4: Definition of domain (n4) and mesh normals (n,,). Note that domain normal always
points away from the domain of interest. Mesh normal, however, can point towards or away
from the fluid. All boundary conditions in a MultiDomain model are defined with respect to the
domain normal.

For a MultiDomain model, the Boundary Conditions are defined at: Model — Boundary
Conditions.

To create a new Boundary Condition right-click on Boundary Conditions and select New
(Figure 6.5). Below is the description of each of the boundary condition options provided in
MultiDomain model.
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Figure 6.5: New Boundary Condition.
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6.3.1. Dummy BC

This Boundary Condition is applied on elements which have no interaction with the fluid
medium. They don’t contribute to the acoustic radiation. (Figure 6.6.) For example, Dummy
BC could be used on elements lying on a ground plane, as these elements don’t interact with the
fluid medium.

Fil= Edit Preferences Help

o] =31 = e e el s = [ 2

=+ Model & structmeshz |
= u Type <MultiDomain=

-|5] Version < 1,33.003 "’“lx Y Z|
-] Madel Description L ]
-3 Struckures
 structmeshz “« e«
-] Materials O
-] Planes

-] Interfaces

[+ Baundary Conditions

- [5] Defaut New Boundary Condition x|
|51 Hole_1_BC

|5] Hale_z_BC Mame: INew Dy BC|

[#-[_] Direct BE Meshes
(] FE Meshes Type: ID”"“"“Y j Help.

(-] Domains ’—I
K [t |
| =] Conkext Script nee |

-] Analysis Sequences I

»»
G| &

Ref

|«|al®m|n»

Figure 6.6: Dummy Boundary Condition.

6.3.2. Interface BC

This Boundary Condition is applied on the boundary of an interface between two domains in a
MultiDomain model. Physical details of the interface are provided in the Mlodel — Interfaces.
(Figure 6.7.)

6.3.2.1. Interface Name

Defines the name of the acoustic interface. (Figure 6.7.)

6.3.2.2. Domain is on the Positive Side of this Interface

Defines whether the acoustic domain being solved is on the positive side of the interface or
not. (Figure 6.7.)

6.3.3. Uniform Pressure BC

This Boundary Condition is applied on the element where pressure is uniformly distributed.
There is no variation of pressure with position over the element. However, the pressure can
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Figure 6.7: Interface Boundary Condition.
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Figure 6.8: Uniform Pressure BC.
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be dependent on the frequency. The pressure values can be specified by selecting any of the
frequency dependence types: Constant, Table, or Script (Figure 6.8.)

6.3.4. Non-uniform Pressure BC

This Boundary Condition is applied on the element where pressure varies with position. The
pressure is defined using a script function GetPressure. The input argument to this function is a
predefined position variable: PosnVec. The variable Posn Vec reads the coordinates of a point on
the element, that is, PosnVec=(z,y,z). Other predefined variables that can be used in the script
are AngularFreq (w) — frequency in radians/sec, SoundSpeed (c¢) — speed of sound in the medium

w

with the same units as those defined in materials, WaveNumber (k = %), and AmbientDensity
(p) — density of the medium with the same units as those defined in materials. (Figure 6.9. )

New Boundary Condition x|
Mame: INewBC
Type:
—Pressure
1 Hfunection GetPressure (in PosnVes) |
Z Sf AngularFreq, SoundZpeed, WaveMumkber and AwbientDensity are pre
3 £/ read-only warishles that can he used here.
4 f¢ The following is just an example. change the formula co Suit s
=) rar PressMagn=12.0:
[ var Fress=FPressMagn*exp (i*WaveHumber *FosnVec[2]);
7 return Eval (Fress):
g -1
=]
l | 2

Ok I Canicel I

Figure 6.9: Non-Uniform Pressure BC.

6.3.5. Uniform Normal Velocity BC

This Boundary Condition is applied on the element where the normal velocity is uniformly
distributed. There is no variation of normal velocity with position over an element. However, it
can be defined to be dependent on frequency. (Figure 6.10.) The normal velocity values can be
specified by selecting any of the frequency dependence types: Constant, Table, or Script. The
user should be aware that the normal velocity defined here is in the direction of the domain
normal (Figure 6.4). When Use Impedance option is disabled, the Normal Velocity defined in
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Figure 6.10: Uniform Normal Velocity BC.
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this boundary condition (BC) is considered to be the particle normal velocity (vy;). (Figure 6.10)

6.3.5.1. Use Impedance

When this option is enabled, the Normal Velocity defined in this Boundary Condition is
considered to be the wall velocity (vn_wai). The impedance (Z) relates the pressure (p) at
the surface of the acoustic material to the particle normal velocity (v,;) at the surface. Refer
Section 6.1 for the definition of impedance implemented in Coustyr. The impedance value is
defined by selecting any of the frequency dependent types: Constant, Table, or Script.

6.3.6. Uniform Velocity BC

This Boundary Condition is applied on the element where the velocity vector is uniformly
distributed. There is no variation of velocity components (v, vy, v,) with position over an
element. However, the velocity can be defined to be dependent on frequency. The components
of the velocity at any point can be specified by selecting any of the frequency dependence types:
Constant, Table, or Script. (Figure 6.11.)

Mew Boundary Condition |
Mame: INew BC
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—Impedence
¥ Use Impedence
Frequency Dependence Type: IConstant j
ReaIID.D ImaginaryID.D
[o]4 I Cancel |

Figure 6.11: Uniform Velocity BC.
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6.3.6.1. Use Impedance

When this option is enabled, the velocity defined in this Boundary Condition is considered to
be the wall velocity. The normal component of the wall velocity (vy,_wai) at a point is computed
from the dot product of velocity vector to the domain normal at that point (Figure 6.4). The
impedance (Z) relates the pressure (p) at the surface of the acoustic material to the particle nor-
mal velocity (vy;) at the surface. Refer Section 6.1 for the definition of impedance implemented
in Coustyzr. The impedance (Z) is defined by selecting any of the frequency dependent types:
Constant, Table, or Script.

6.3.7. Non-uniform Normal Velocity BC

This Boundary Condition is applied on the element where normal velocity (Note: normal
velocity is defined with respect to the domain normal, Figure 6.4) varies with position and nor-
mal. The normal velocity is defined in the script by the function GetNormalVelocity, which takes
in the predefined variables PosnVec and NormalVec as the arguments. The variable PosnVec
reads the coordinates of a point on the element, that is PosnVec=(z,y,z). The variable Nor-
malVec reads the components of the domain normal vector at a point on the element, that is
NormalVec=(nz,ny,n). The special vectors el, e2, e3 are predefined unit vectors in coordinate
directions of the reference frame which can be used in the Coustyz scripts. When Use Impedance
option is disabled, the Normal Velocity defined in this boundary condition (BC) is considered
to be the particle normal velocity (vy;). (Figure 6.12.)

Other predefined variables that can be used in the script are AngularFreq (w) — frequency
in radians/sec, SoundSpeed (c) — speed of sound in the medium with the same units as those
defined in materials, WaveNumber (k = £), and AmbientDensity (p) — density of the medium
with the same units as those defined in materials.

6.3.7.1. Use Impedance

When this option is enabled, the Normal Velocity defined in this Boundary Condition is
considered to be the wall velocity (vn_waen). The impedance (Z) relates the pressure (p) at
the surface of the acoustic material to the particle normal velocity (v,;) at the surface. Refer
Section 6.1 for the definition of impedance implemented in Coustyz. The impedance is assigned
through a script which uses the function call GetImpedence. The function takes in the predefined
variables PosnVec and NormalVec as the input arguments. Other predefined variables such as
AngularFreq, SoundSpeed etc., can also be used to compute impedance. (Figure 6.33)

6.3.8. Structure Velocity BC

Structure velocity Boundary Condition is applied when the frequency response data is known
from the FEA analysis of the structure. Refer to Section 5.1.2 for details on how to load frequency
response data. (Figure 6.13.)
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Figure 6.12: Non-Uniform Normal Velocity BC.
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Figure 6.13: Structure Velocity BC.

6.3.8.1. Structure Name

Select the structure name from which the Boundary Conditions are applied. (Figure 6.13.)

6.3.8.2. Structure Interface Name

Select the structure interface from which the Boundary Conditions are applied. A structure
interface is a group of faces (of FEA elements) in contact with the fluid medium. Each structure
interface is uniquely identified by the structural mesh id, element id, and the local face number
on the element. If this field is left blank, the structure velocity is applied directly from the
structure. (Figure 6.13.)

6.3.8.3. Interpolation Options for Mismatched Meshes

Refer to Section 6.2.

6.3.8.4. Use Impedance

When this option is enabled, the impedance (Z) relates the pressure (p) at the surface of
the acoustic material to the particle normal velocity (v,;) and the structure velocity (vn_wair)-
Refer Section 6.1 for the definition of impedance implemented in Coustyz. The impedance
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Figure 6.14: Arbitrary Uniform BC
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(Z) is defined by selecting any of the frequency dependent types: Constant, Table, or Script.
(Figure 6.13.)

6.3.9. Arbitrary Uniform BC

This option can be used to define a Uniform Boundary Condition (BC) that doesn’t fall into
any of the other BC types. Any uniform boundary condition could be expressed in this general
form. The general equation for this BC is given by

ap+ pu, =~ (6.4)

where p is the pressure, v, is the normal velocity at a point on the element, and «, 3, v are
variables defined by any of the frequency dependent types: Constant, Table, or Script. The
values of «, § and v don’t vary with position over the element. (Figure 6.14.)
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Figure 6.15: Arbitrary Non-Uniform BC

6.3.10. Arbitrary Non-uniform BC

This option can be used to define Non-uniform Boundary Condition that doesn’t fall into
any of the other BC categories. Any non-uniform boundary condition could be expressed in this
general form. The general equation for this BC is given by

a(x,nx)p + B(X, Dk )vn = 7(X, Nx) (6.5)
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where p is the pressure, v, is the normal velocity at a point on the element, and «, (3, v are
variables that vary with position (x) and normal (ny) over the element.

The values for «, 3, and -y could be computed from the script function GetAlphaBetaGamma.
The input arguments for this function are: predefined position vector (PosnVec), and normal
vector (NormalVec) at a point. It outputs the values for Alpha(c), Beta((), and Gamma(vy) which
are used in the BC. Other predefined variables that can be used in the script are AngularFreq
(w) — frequency in radians/sec, SoundSpeed (c) — speed of sound in the medium with the same

w

units as those defined in materials, WaveNumber (k = <), and AmbientDensity (p) — density of

C
the medium with the same units as those defined in materials. (Figure 6.15.)

6.4. Indirect BE Model BCs

The primary variables in Indirect BE models are pressure jumps or double layer potential (1),
and velocity jumps or single layer potential (o). The Boundary Conditions, however, are applied
in terms of acoustic physical quantities: pressure, velocity, and impedance.

Please note that all the derivatives in Indirect BE formulation are with respect to the Mesh
Normal or Element Normal. Hence, all the boundary conditions in Indirect BE models are
defined with respect to Element Normals. This is in contrast with the MultiDomain model,
where the boundary conditions are defined with respect to the Domain Normal (Figure 6.4).

For an Indirect model, Coustyz allows the user to define different boundary condition types
on either side of the mesh. For any element Side 1 is always considered to be on the positive
side of the element normal and Side 2 on the negative side. Refer to Figure 6.16 for the element
sides definition.

The Boundary Conditions offered in Indirect models could be categorized into three broad
groups for better understanding:

e Continuous BCs — A Continuous BC is one where the Boundary Condition type (known
pressure, known velocity, or known impedance) and value on both sides of the element
(boundary) are the same. Continuous BCs employ lesser number of variables compared
to Discontinuous BCs (mentioned below). Thus, these BCs are very attractive from the
problem size and analysis speed points of view. It is imperative that the user apply
these BCs wherever possible to take advantage of smaller problem sizes. However, there
are certain cases where usage of Discontinuous BCs are very much necessary (refer to
Discontinuous BCs below).

e Discontinuous BCs — Coustyz allows discontinuous boundary conditions with the same
boundary condition type (known pressure, known velocity or known impedance) with un-
equal values specified on both sides of the element (boundary). In addition to this, Coustyz
also allows discontinuous boundary conditions with different types on each side of the el-
ement (boundary). For example, pressure can be specified on one side, while specifying
velocity on the other side. The capability to completely decouple the two sides of a bound-
ary using different types of BCs provide Coustyr users with greater modeling flexibility
unknown in any of today’s commercially available acoustic BE programs.

The discontinuous boundary conditions could be effectively used to eliminate Non-uniqueness
in the boundary integral solution at Irregular frequencies in meshes which enclose a vol-
ume. Irregular frequencies are related to the eigen-frequencies of the interior problem. In
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Indirect BEM exterior and interior problems are connected and solved at the same time.
Hence at Irregular frequencies, exterior solutions are contaminated by unbounded interior
solutions. The user can employ discontinuous boundary conditions to decouple the exterior
and interior problems. As in most cases, if the user is interested in the radiation problem
alone, the interior side of the boundary could be assigned a zero boundary excitation to
suppress the interior excitation. Refer to Ambarisha et al. [2] for more details.

For example, consider a pulsating sphere mesh which encloses a volume and one is interested
in the acoustic radiation problem. At the eigen-frequencies of the interior, the unbounded
interior solution dominate the value of primary variable i on the surface. This contaminates
the solution for the exterior field. Accurate results for the exterior problem could be
obtained by specifying the structure velocity boundary condition on the exterior and a
zero velocity or zero pressure boundary condition on the interior side of the boundary.

e The Boundary Conditions which relate pressures and normal velocities on one side of
the boundary to the pressures and velocities on the other side are grouped together in
this category. Anechoic Termination BC, Uniform Perforated BC, Non-uniform
Perforated BC, Uniform Arbitrary BC, Non-uniform Arbitrary BC fall under
this category.

3>

A Side 1

| Side 2

Figure 6.16: Description of element normal and its sides.

For an Indirect model, the Boundary Conditions are defined at: Model — Indirect BE
Mesh — Boundary Conditions.

To create a new Boundary Condition right-click on Boundary Conditions and select New
(Figure 6.5). Below is the description of each of the boundary condition options provided in
Indirect model.

6.4.1. Transparent BC

Transparent Boundary Condition is applied on the boundary across which the pressure and
normal velocity is continuous. Normally, the transparent BC is not required in the Indirect BE
models, because this type of continuity can be achieved by simply removing the element from
the model. The portion of the surface where continuity conditions are enforced need not be
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modeled at all because of both the potentials going to zero, that is, ¢ = 0 and o = 0. However,
the only exception occurs when the element lies on a Baffle Plane where the normal derivative
of pressure is the acoustic variable. In this case, the user has to keep the element on the baffle

plane and apply Transparent BC. (Figure 6.17)

New Boundary Condition x|
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oK I Canicel |

Figure 6.17: Transparent BC

6.4.2. Anechoic Termination BC

This Boundary Condition is applied on the elements where the pressure p (on either side of
the boundary) and normal velocity v, (on either side of the boundary) are related by the char-
acteristic impedance (Z,) of the fluid medium. Refer Section 6.1 for the definition of impedance
implemented in Coustyx. The relation between pressure and velocity at anechoic termination is
given by

P Zo = poC (6.6)

Un

where p, is the mean density of the surrounding medium, and c is the speed of sound in the
medium. (Figure 6.18.)
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Figure 6.18: Anechoic Termination BC

6.4.3. Perforated BC
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Figure 6.19: Perforated Plate
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Figure 6.20: Uniform Perforated
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This type of Boundary Condition will have applications in perforated mufflers. A perforated
BC defines a special type of transfer relation between the pressure, normal velocity on either
side of the surface. The transfer relation in a perforated BC is given by

P =P = —pocC [Un — Vsn) (6.7)

where ( is the non-dimensional transfer impedance of the perforated surface, p, is the acoustic
medium density, ¢ is the speed of sound, p™ and p~ are surface pressures on side 1 and side 2
respectively, v, is the acoustic normal velocity, v, is the specified structure normal velocity.

The user can either select to use the transfer impedance relation derived from the Sullivan
and Crocker model ([3]) or they can define their own transfer impedance from the following
choices in the drop-down menu Perforated Model Type:

6.4.3.1. Sullivan and Crocker

The non-dimensional transfer impedance ¢ used in the Sullivan and Crocker model ([3]) is,
[0.006 — ik, (ty + 0.75d4)]

X

where k, is the wave number, t,, is the plate thickness, dj is the hole diameter, and x is the
porosity of the plate (Figure 6.19) (Note: the actual relation from [3] is modified to accomodate
e~J«t convention used in Coustyr). Note that the above relation would be valid only if the
porosity is not too different from 0.042 (4.2%) used by Sullivan and Crocker in their experiments.

(=

(6.8)

Porosity Define porosity x of the plate or pipe using this option. Porosity is defined as the
ratio between open surface area and total surface area,

open surface area,

total surface area

When y = 0 (surface is completely closed), the acoustic normal velocity (v,,) on both sides
of the perforated plate will be equal to the structure velocity (vsp). On the other hand
when y = oo (open surface), the pressure on both sides of an imaginary dividing surface
will be equal. (Figure 6.20.)

Plate Thickness Define the thickness of the plate or pipe (¢,) using this option. Note the
units should be consistent with the model length units.

Hole Diameter Define the diameter of holes (dy,) using this option. Note the units should be
consistent with the model length units.

6.4.3.2. Transfer Impedance

Coustyx allows you to define your own transfer impedance models. New transfer impedance
models are usually derived from experiments or other empirical models. Note that the transfer
impedance ( specified here should have no dimensions. Make sure the impedance definition is
consistent with the e™7** convention used in Coustyx (see Section 6.1).

(=R+jX (6.9)
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6.4.3.3. Use Structure Velocity

Structure velocity can be used by enabling this option. Equation 6.7 shows the transfer
relation between pressure on both sides of the element (p™ and p~) and normal velocity (v,)
when structure velocity (vsy,) is present. Refer to Section 6.4.9 for more details on how to define
a structure velocity. If this option is disabled structure velocity in the Equation 6.7 is set to
zero. (Figure 6.20.)

6.4.3.4. Uniform Perforated BC

This Boundary Condition is applied over perforated elements with position-independent pa-
rameters. Refer to Section 6.4.3 for the transfer relation used to model perforated boundary con-
dition. The values for porosity, plate thickness, and hole diameter in Sullivan and Crocker
model or transfer impedance in Transfer Impedance model are set by selecting any of the
frequency dependent types: Constant, Table, or Script. (Figure 6.20)

The option Use Structure Velocity is enabled to define structure velocity used in Equa-
tion 6.7. Refer to Section 6.4.3.3 for further details.

6.4.3.5. Non-uniform Perforated BC

This Boundary Condition is applied over perforated elements with position-dependent pa-
rameters. Refer to Section 6.4.3 for the transfer relation used to model perforated boundary
condition. The values for porosity, plate thickness, and hole diameter in Sullivan and Crocker
model is set by a call to the function GetSullivanCrockerModelParameters. This function ac-
cepts the predefined position vector PosnVec as the input argument and outputs Porosity, Plate
Thickness, and Hole Diameter. Similarly, the value for the transfer impedance in Transfer
Impedance model is set by the function call GetTransferImpedance, which accepts PosnVec
as the input and returns transfer impedance. Other predefined variables that can be used in
the script are AngularFreq (w) — frequency in radians/sec, SoundSpeed (c¢) — speed of sound
in the medium with the same units as those defined in materials, WaveNumber (k = %), and
AmbientDensity (p) — density of the medium with the same units as those defined in materials.
(Figure 6.21.)

The option Use Structure Velocity is enabled to define structure velocity used in Equa-
tion 6.7. Refer to Section 6.4.3.3 on how to use this option.

6.4.4. Uniform Pressure (Continuous) BC

This Boundary Condition is applied on elements with uniform pressure on both sides of the
boundary. The BC is continuous, which implies that the values of pressure at the same point on
side 1 (p*) and side 2 (p~) are identical (refer to Figure 6.16 for side 1 and side 2 definitions).

pt=p"=n,

where p, is the uniform pressure applied on both sides. (Figure 6.22.)
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Figure 6.21: Non-Uniform Perforated
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Figure 6.22: Uniform Pressure (Continous)
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Figure 6.23: Non-Uniform Pressure (Continous)

The pressure value is set by selecting any of the frequency dependent types: Constant, Table,
or Script.

6.4.5. Non-uniform Pressure (Continuous) BC

This Boundary Condition is applied on elements with non-uniform pressure on both sides of
the boundary. The BC is continuous, which implies that the values of pressure at the same point
on side 1 (p*) and side 2 (p™) are identical (refer to Figure 6.16 for side 1 and side 2 definitions).

P (%) = (%) = polx)
where p,(x) is the pressure that varies with position (x) on the element.

The pressure is defined in the script by the function GetPressure, which takes in the predefined
position vector, PosnVec, as the argument. Other predefined variables such as AngularFreq (w),

w

SoundSpeed (c), WaveNumber (k = %), and AmbientDensity (p) can also be used in the script.
(Figure 6.23.)

6.4.6. Uniform Normal Velocity (Continuous) BC

This Boundary Condition is applied on elements with uniform normal velocity on both sides
of the boundary. The BC is continuous, which implies that the values of normal velocity at the
same point on side 1 (v;7) and side 2 (v,;) are identical (refer to Figure 6.16 for side 1 and side
2 definitions).

M

v, =V, = Uno

where v, is the uniform normal velocity applied on both sides.
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New Boundary Condition x|
Marne: INew BC
Type:

Mormnal Yelocity
Erequency Dependence Type: IConstant ﬂ
Real|0.0 ImaginaryIU.D

oK | Cancel |

Figure 6.24: Uniform Normal Velocity (Continous)

The normal velocity value is set by selecting any of the frequency dependent types: Constant,
Table, or Script. The user should recognize that the normal velocity defined here is with respect
to the element normal. (Figure 6.24)

6.4.7. Uniform Velocity (Continuous) BC

Mew Boundary Condition x|
Marne: INew B
Type:
—Yelocity
Erequency Dependence Tyvpe: ICUnstant j
Real(x)|0.0 Imaginary(x)|0.0
Real(3|0.0 Imaginary(y)|0.0
Real(Z3|0.0 Imaginary(23|0.0

[u]4 I Cancel |

Figure 6.25: Uniform Velocity (Continous)

This Boundary Condition is applied on the element with uniform velocity vector on both
sides of the boundary. The BC is continuous, which implies that the velocity at the same point
on side 1 (v") and side 2 (v™) are identical (refer to Figure 6.16 for side 1 and side 2 definitions).

V+:V7:V0

where v, is the uniform velocity applied on both sides.
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The velocity vector components (v, vy, v,) are uniform over the element and are defined
using any of the frequency dependence types: Constant, Table, or Script. (Figure 6.25)

6.4.8. Non-uniform Normal Velocity (Continuous) BC

New Boundary Condition x|
Marne: INew BC

Type:

—Mormal Yelocity

1 Hfunction GetMNormalVelocity(in PosnVeco, in NormalVec) |
2 /¢ AngularFregq, Sound3peed, WaveNumber and AnbientDensity are predefine
3 // read-only variasbles that can be used here.
4 /¢ The following is just an exsmwple. change the formula to suit your ne
5 rar VMag=1Z.0;
[ rar Vn=Vlag® (e3d*NormalVec)
7 return Eral (Vn):
8.}
9

4] | i

oK I Cancel

Figure 6.26: Non-Uniform Normal Velocity (Continous)

This Boundary Condition is applied on the element with non-uniform normal velocity on
both sides of the boundary. The BC is continuous, which implies that the normal velocity at
the same point on side 1 (v;7) and side 2 (v, ) are identical (refer to Figure 6.16 for side 1 and
side 2 definitions). (Figure 6.26)

+

Un,

(x,n) = v, (X,0n) = Vyo(x,m)

where v,,,(x,n) is the normal velocity that varies with position (x) and normal velocity (n) on
the element.

The normal velocity is defined in the script by the function GetNormalVelocity, which takes
in the predefined position vector PosnVec, and normal vector NormalVec as the arguments.
Other predefined variables such as Angularfreq (w), SoundSpeed (c), WaveNumber (k = <),
AmbientDensity (p), and reference frame unit vectors el, e2, e3 can also be used in the script.

(Figure 6.26)

6.4.9. Structure Velocity (Continuous) BC

Structure Velocity BC is the most common Boundary Condition in the industry. This can
be loaded from frequency response analysis of the structure FEA done externally. Refer to
Section 5.1.2 for details on how to load frequency response data. (Figure 6.27)



172 Boundary Conditions

% 1
New Boundary Condition lﬁ
Mame: Structure Velocity BC|
Type: Structure Velocity (Continuous) - | Help
Structure Info.
Structure Mame: Structmesh_0 -

Structure Interface Name:

Interpolation Options for Mismatched Meshes
[T] Choose Default Options

User Options

Number of Interpolating Paints: 4 B
Maximum Search Distance: 10,30480000000000

[¥] Terminate Search if Percentage Weight of Farthest Paint is < 5.0000000000000

[ OK ] l Cancel

Figure 6.27: Structure Velocity (Continous)

6.4.9.1. Structure Name

Select the structure name from which the BCs are applied. (Figure 6.27)

6.4.9.2. Structure Interface Name

Select the structure interface from which the BCs are applied. A structure interface is a
group of faces (of FEA elements) in contact with the fluid medium. Each structure interface
is uniquely identified by the structural mesh ID, element ID, and the local face number on the
element. If this field is left blank, the structure velocity is applied directly from the structure.
(Figure 6.27)
6.4.9.3. Interpolation Options for Mismatched Meshes

Refer to Section 6.2.

6.4.10. Discontinuous BC

This Boundary Condition allows the user to apply different types of boundary conditions on
each side of the boundary. Presently no other commercially available acoustic BEM software
provides these options. The discontinuous BCs in conventional acoustic softwares are limited to
the same boundary condition type (known pressure, known velocity or known impedance) to be
specified on both sides of the surface. But Coustyz allows different BC types on either side. For
example, pressure can be specified on one side, and velocity on the other side. This complete
decoupling of the boundary conditions allows for greater modeling flexibility for the user.
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New Boundary Condition x|

Marme: INew BC

Type: IDiscontinuDus j Help

r—Disconktinuaus
Side 1 |Side z I

Tvpe: Don't Care j Help

a4 I Cancel |

Figure 6.28: Discontinous BC (Don’t Care)

Combinations of different types of BCs on each side of the boundary can be applied to
overcome the non-uniqueness problems, which are very common in boundary element methods.
An example of this would be a determining the exterior sound field on a vibrating surface which
encloses a volume. At the resonance frequencies of the interior, the interior acoustic variables
become very large and dominate the values of surface potentials. This leads to error in the
computation of the exterior field. However, accurate results for this exterior problem can be
obtained with Coustyr by specifying a velocity boundary condition on the exterior and a zero
velocity or zero pressure boundary condition on the interior.

The discontinuous BC gives the option of specifiying different BCs on Side 1 and Side 2.
Refer Figure 6.16 for the definitions of Side I and Side 2. Note that Coustyz always considers
Side 1 of the boundary to be on the positive side (+) of the normal and Side 2 on the negative
side (-). That is, always the element normal points from Side 2 to Side 1. The possible side
boundary conditions allowed in Coustyz are listed below. (Figure 6.28)

6.4.10.1. Don’t care

This Boundary Condition is applied on the side of the boundary which doesn’t come in
contact with the fluid medium or on the side the user is not interested in. Again, consider
the example of a vibrating surface which encloses a volume and the primary interest is in the
exterior sound field. The boundary condition on the interior side of the mesh doesn’t affect the
exterior solution. In this case the user can apply Don’t care BC on the interior side of the mesh.
(Figure 6.28)

6.4.10.2. Uniform Pressure

This Boundary Condition is applied on the side of the element where the pressure is uniformly
distributed. That is, there is no variation of pressure with position. The pressure values can
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New Boundary Condition |

Marne: INew BC

Type: IDiscontinuous j Help

i~ Discontinuous
Side 1 |Side2 |

Type!

Pressure

Frequency Dependence Type: IConstant j

Real|0.0 ImaginaryID. 1}

oK I Cancel I

Figure 6.29: Discontinous Uniform Pressure

be specified by selecting any of the frequency dependence types: Constant, Table, or Script.
(Figure 6.29)

6.4.10.3. Non-uniform Pressure

This Boundary Condition is applied on the side of the element where pressure varies with
position. The pressure is defined in the script by the function GetPressure, which takes in the
predefined position vector Posn Vec as the argument. Other predefined variables that can be used
in the script are AngularFreq (w), SoundSpeed (c), WaveNumber (k = %), and AmbientDensity
(p). (Figure 6.30)

6.4.10.4. Uniform Normal Velocity

This Boundary Condition is applied on the side of the element where the normal velocity
is uniformly distributed. The normal velocity values can be specified by selecting any of the
frequency dependence types: Constant, Table, or Script. The user should be aware that the
normal velocity defined here is in the direction of the element normal (Figure 6.16). (Figure 6.31)

Use Impedance can be used to specify impedance. Refer to Section 6.3 for more details.
(Figure 6.31)

6.4.10.5. Uniform Velocity

This Boundary Condition is applied on the side of the element where the velocity vector is
uniformly distributed. That is, there is no variation of velocity components (vg, vy, v.) with
position over an element. The velocity vector components values can be specified by selecting
any of the frequency dependence types: Constant, Table, or Script.
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New Boundary Condition x|
Mame: Jpuew BC
Type: IDiscontinuous j Help
i~ Discontinuous
Sde1 |side2 |
Twpe: INonuniForm Pressure j Help
Pressure
1 [Hfunction GetPressure(in FosnWec) |
2 ff AngularFreq, Soundipeed, WavelNumber and AwbientDensity are prede
3 // read-only wariables that can be used here.
4 Jf The following iz just an example. change the formula to suit you
5 rar FressMagn=12.0;
G rar Fress=Presslagntexp (i*WaveHumber *PosnVec[2])
7 return Eval (Fress):
5 -1
9
< ]

oK I Cancel |

Figure 6.30: Discontinous Non-Uniform Pressure

Use Impedance can be used to specify impedance. Refer to Section 6.3.6.1 for more details.
(Figure 6.32)

6.4.10.6. Non-uniform Normal Velocity

This Boundary Condition is applied on the side of the element where normal velocity varies
with position and normal. The normal velocity is defined in the script by the function GetNor-
malVelocity, which takes in the predefined position vector Posn Vec and normal vector NormalVec
as the arguments. Other predefined variables that can be used in the script are AngularFreq (w),
SoundSpeed (c), WaveNumber (k = %), AmbientDensity (p), and reference frame unit vectors
el, e2, e3. (Figure 6.33)

Use Impedance can be used to specify impedance. Refer to Section 6.3.7.1 for more details.
(Figure 6.33)

6.4.10.7. Structure Velocity

This Boundary Condition is applied on the side of the element if the frequency response
data is known from the FEA analysis of the structure (Figure 6.34). Refer to Section 5.1.2 for
details on how to load frequency response data. Structure Name is the name of structure
from which the velocity values are loaded. Structure Interface Name is the interface, group
of element faces, which is used to apply BC. More details on Structure Name, and Structure
Interface Name are given in Section 6.3.8.1, and Section 6.3.8.2. Refer to Section 6.2 for details
about Interpolation Options for Mismatched Meshes. (Figure 6.34)
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Figure 6.31: Discontinous Uniform Normal Velocity
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New Boundary Condition x|
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Figure 6.32: Discontinous Uniform Velocity
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Figure 6.33: Discontinous Non-Uniform Normal Velocity
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Figure 6.34: Structure Velocity
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6.4.11. Uniform Arbitrary BC

This Boundary Condition option could be used to define uniform boundary conditions which
don’t fall in any of the other BC types. This is the most general type of boundary condition
possible. Any of the uniform BCs can be expressed in this form. The user can specify the
relation between the pressure and normal velocity on one side of the element to the other side
by the following transfer function. (Figure 6.35)

ﬂ
Mame: INew BC
Type: IUniForm Arbitrary j Help
Alpha[1][1]... | Alpha[1][Z]... Beta[1][1]... | Beta[1][Z]... Gamma[1]...
alphal2][1]... | alpha[z][=]... Beta[2][1]... | Beta[2][2]... Gamma[2]. ..
O I Cancel |

Figure 6.35: Uniform Arbitrary BC

a1 Qg pt Bi1 P2 vl [ m
[0421 0422}{19 ]+[ﬂ21 522}{%}_[’72} (6.10)

where p™ and p~ are pressures on side 1 and side 2, v;} and v, are normal velocity on side 1
and side 2.

The variables a11, ay2, o1, @22, B11, P12, P21, P22, 71, Y2 are uniform over the element and
are defined by any of the frequency dependent types: Constant, Table, or Script. These values
do not vary with position over the element.

All the entries in the coefficient matrices of Equation 6.10 are not independent. They should
satisfy the following relations for Coustyz to apply the arbitrary BC correctly.

(a110002 — ap2001) # 0

(B11B22 — B12B21) # 0
(6.11)

(o1 + a22) (P11 + Pr2) — (11 + a12)(Ba1 + P22) # 0

0411/321 - Oé21ﬂ11 - 0412522 + CV22512 =0

6.4.12. Non-uniform Arbitrary BC

This Boundary Condition option could be used to define non-uniform boundary conditions
which do not fall into any of the other BC types. Any of the non-uniform BC type can be
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expressed in this general form. The general transfer relation between pressures and normal
velocities on either side of the boundary at any point is given by Equation 6.10.

The variables a11, a2, as1, Qg2, B11, 12, B21, B22, V1, Y2 can be defined by the function call
GetAlphaBetaGamma (Figure 6.36). The input arguments position vector Posn Vec, and normal
vector NormalVec, along with other predefined variables such as AngularFreq (w), SoundSpeed
(¢), WaveNumber (k = %), AmbientDensity (p), and reference frame unit vectors el, e2, e3, can

be used to compute the values. The output arguments of this function call include the following
variables. See Figure 6.37, Figure 6.38, and Figure 6.39.

Qi1 12 Bi1 B2 el
o= , B= , = (6.12)
Q21 22 Bo1 Ba2 V2
Mew Boundary Condition @
Mame: Mew BC
Twpe: Monuniform Arbitrary V] Help

&lpha, Beta, Gamma Scripk:

1 Hfunction Getilphabetadamma(in PosnWes, in HNormalWec, out iLlpha, out Eeta, out Gamma) =
Z f¢ AngularFreq, SoundSpeed, Wavelhwber and nbientDensity are predefined ¥
/¢ read-only variashles that can be used here.

/¢ Llpha and Beta are ZxZ matrices. Gammwa 15 & 2 wector:
blpha=[[1.0*AngularFreq"Z AngularFreq], [0, 1]];

Beta =[[0,01,[1,2]1]:

Gamma =[2000/AngularFreq, 0] ;

m

W o -1 m oo W

4 I | I

[ Ok ] ’ Cancel ]

Figure 6.36: Sample script for the function GetAlphaBetaGammal().

6.5. Applying BCs

First, the user needs to define boundary conditions and save them using unique names. For
information on how to define boundary conditions in MultiDomain and Indirect BE models refer
to Section 6.3 and Section 6.4.

Once the boundary conditions are defined they are applied over elements by any of the
following methods:

6.5.1. Apply BCs directly to Elements

To apply BCs directly to elements follow these steps:
e Open the BE mesh in the GUIL
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Alpha[1][1] Frequency Dependence Scripk

Constant ]

=

Unifarm Arbitrary |

_satelil). | eelifal. | _csnmal.. |
_tetot). | o). | _Gannatz.. |

I

Figure 6.37: Alpha Frequency Dependence Script

Beta[1][1] Frequency Dependence Scripk

constant ]

=

Unifarm arbitrary |—

[sett). | seali).. | _Gamali]. |
_oetala)., | catlzra). | _Ganmalz]. |
_ox ] concd |

Figure 6.38: Beta Frequency Dependence Script
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Gammal[ 1] Frequency Dependence Scripk ﬂ
Frequency Dependence Type: IConstant 'l
ReaIID.U ImaginaryID.D
[8]4 I Cancel I
ew Boundary Condition x|
Mame: INew BC
Type: IUniForm Arbitrary j Help
Alphal1][1]... | Alpha[1][2]... Beta[1][1]... | Beta[1][2]... Gamma[1]...
Alphal2][1]... | Alphal2][2]... Beta[2][1]... | Beta[z][2]... Gamma[2]...
oK I Cancel |

Figure 6.39: Gamma Frequency Dependence Script

For a MultiDomain model: right-click on Model — Direct BE Meshes — <Direct BE
Mesh Name> and select Open.

For an Indirect model: right-click on Model — Indirect BE Mesh and select Open.

e Select the elements to which the BCs are applied from the mesh in the GUI. To select an
element: Left-click on the element with the shift-key held down.

e Apply BC. To apply BC on all selected elements in the GUI, right-click with the shift-
key held down and select: Operations on Selection — Selected Elements — Set
Boundary Condition — <Boundary Condition Name> (Figure 6.40). Note that the
boundary condition list is only visible if BCs are defined before hand.

6.5.2. Apply BCs through Sets

To apply BCs through sets, follow these steps:

o Create a new set.

For a MultiDomain model: right-click on Model — Direct BE Meshes — <Direct BE
Mesh Name> — Sets and select New. (Figure 6.41)

For an Indirect model: right-click on Model — Indirect BE Mesh — Sets and select
New. (Figure 6.41)
e Add elements to a set.

Select elements in the GUI which are to be clubbed together to form a set by left-clicking
on them while holding down the shift-key.

Right-click with the shift-key held down and select: Operations on Selection — Se-
lected Elements — Add to Set — <Set Name> (Figure 6.42). Note that the list of
sets are only visible if sets are defined before hand.
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Figure 6.40: Applying boundary conditions through elements.
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Figure 6.41: Creating a new set, a group of elements and nodes.
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Operations on Selection: |
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Figure 6.42: Add elements to a set.
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Figure 6.43: Applying boundary conditions through sets.
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e Apply BC through sets.

Select the set for a MultiDomain model from Model — Direct BE Meshes — < Direct
BE Mesh> — Sets — <Set Name>.

Select the set for an Indirect model from Model — Indirect BE Mesh — Sets — <Set
Name>.

Apply BC to all the elements in the Set through the Set by right-clicking on <Set Name>
and selecting Elements — Set Boundary Condition — <Boundary Condition Name>
(Figure 6.43).
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Chapter 7

Analysis Sequences

Coustyz allows users to specify set of parameters and commands required to run an analysis
through model tree member Analysis Sequences. Typical set of parameters include type of
analysis, solution accuracy, analysis frequency, types of outputs, sensor locations, etc. Multiple
analysis sequences could be saved through this option.

Select: Model — Analysis Sequences.

e Create a New Analysis Sequence. To create a new analysis sequence right-click on
Analysis Sequences and select New. A dialog box with new analysis sequence opens
up. Go through all the tabbed windows to modify analysis parameters. To accept changes
click OK. (Figure 7.1)

e Edit an Analysis Sequence. Select: Analysis Sequences — <Analysis Sequence
Name>. Right-click on it and select Edit to open the analysis sequence edit dialog box.
Make changes and click OK. (Figure 7.2)

e Run an Analysis Sequence. To run acoustic analysis right-click on the desired analysis
sequence and select Run. You could also run a selected analysis sequence from the Main
menu: Analysis — Run or by clicking on the blue run button (Figure 7.3). Make sure
Coustyz model setup is completed before running the analysis.

e Abort the analysis run. To abort a run right-click on the analysis sequence running
current analysis and select Abort. You could also abort a run from the Main menu:
Analysis — Abort or by clicking on the red abort button (Figure 7.4). Coustyzr won’t
stop the analysis run immediately. The analysis continues to run until it reaches a valid
state to abort gracefully. This may take a few minutes. See Figure 7.5.

Figure 7.2 shows an Analysis Sequence edit dialog box. The dialog box consists of five tabbed
windows storing different parameters. The first tabbed window Description could be used to add
the description of the analysis sequence. All the required Inputs for Coustyx analysis are found
in the tabbed windows: Solver Controls and Frequency Ranges. The Outputs window has
options to save the results to a binary file, compute acoustic variables at Sensor locations (field
points), and save iGlass file for post-processing visualization. Script tabbed window lists the
summary of commands required to run an analysis. The parameters in the script are set by the
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Figure 7.1: Creating new analysis sequence.
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Figure 7.2: Analysis sequence edit dialog box.

File Edit Analysis Preferences Help

DS Ry b B -]
-4y Madlel

=] Type <Indirect=

Version < L00.00>

Macdlel Description

=] Units

-] Structures
-] Materials

-] Planes.

@+ Indirect BE Mesh < 1>
- Cantext Script
2423 Analysis Sequence:

Analysis Sequence

Rename
Capy
Paste
Delete

Open
Clase

Edit...

Help...
Run

Abort

Figure 7.3: Run new analysis sequence.
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selections in the previous tabbed windows. Advanced users can directly modify the script to suit
their requirements.

Users should exercise reasonable caution in the selection of the input parameters due to their
influence on the solution accuracy and the speed of the analysis.

7.1. Inputs

Input parameters required to run an analysis are spread over Solver Controls and Fre-
quency Ranges tabbed windows.

7.1.1. Solver Controls

The Solver Controls window is shown in Figure 7.6.

7.1.1.1. Parallel Processing

The bulk of the computations in Coustyxr are parallelized on shared-memory multi-CPU
machines. To use system resources effectively, the user can select the number of CPUs to be
available for Coustyz. (Figure 7.6)

Use Maximum Possible Number of CPUs This option can be checked if the user wants
Coustyr to choose the number of CPUs. Coustyr selects either the maximum CPUs
available to the system, or the maximum number of CPUs allowed by the user’s license,
whichever is smaller.

Number of CPUs requested This option is activated by un-checking the option Use Max-
imum Possible Number of CPUs. The user can then select the number of CPUs to be
available to Coustyz. If the number of CPUs selected is higher than the maximum allowed
by the user’s license, Coustyzr automatically selects the latter. (Figure 7.6)

7.1.1.2. Formulation Type

This option is valid only for MultiDomain models. For Indirect models variational formulation
is the only choice available.
Variational Select this option to perform the analysis using the variational formulation.

HIE Collocation Select this option to perform the analysis using the Helmholtz Integral Equa-
tion (HIE) collocation method.

Burton Miller Galerkin Select this option to perform the analysis using the Burton Miller
formulation.
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Analysis Sequence

Mame:

Analysis Sequence

Description | Solver Controls | Frequency Ranges I Oukputs I Script |

Parallel Processing
Use Maximum Possible Mumber of CPUs

FrM
s FIMM
Precompute Mear Field Matrices

Murnber of FIMM Levels:

GMRES

Preconditioner Type:

Convergence Crikerion:

Residual as a Percentage:

Mumber of Yectors in Kryloy Subspace at Restart:
Initial Guess:

Inkteqgration
IUse Fixed Integration Order:
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Figure 7.6: Solver controls window.
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7.1.1.3. FMM

The Fast Multipole Method (FMM) facilitates fast computation of acoustic fields by an
ensemble of point sources at a large number of observation points. System matrices are not
computed, instead an iterative solver is used to solve the matrix-vector product computed by
FMM for each iteration. This reduces the memory usage for large problems. A Regular method
(default option when FMM is not chosen) can only solve a maximum of 10,000 unknowns on a
2GB machine. However, FMM is capable of solving much larger problems. Acoustic simulations
using FMM are 50 times faster at 10,000 unknowns compared to the regular method.

Use FMM This option is selected when the user wants Coustyx to use Fast Multipole Method
(FMM) for the analysis. If this option is un-ticked, Coustyz uses Regular method to do
the analysis. In a Regular method Coustyx computes system matrix and solves the linear
system of equations for the unknowns.

Precompute Near Field Matrices This option is enabled only when the option Use FMM
is selected. If this option is enabled, Coustyr computes near field matrices at the beginning
of each frequency and stores them for usage in matrix-vector computations at each iteration.
If this option is un-ticked, Coustyx computes the near field matrices during each iteration.
This increases the total analysis run time, but helps avoid using memory to store these
matrices. If memory usage is not an issue we advise the users to precompute near field
matrices for speeding up the analysis. (Figure 7.6)

FMM Transition Method This option is enabled only when the option Use FMM is se-
lected.

Speed Select this option for faster run times. The solution is accurate at higher frequen-
cies. However, the solution may be less accurate at low frequencies.

Best blend Select this option to blend Speed and Accuracy methods. This method
uses Speed method at higher frequencies and Accuracy method for low frequencies.

Accuracy Select this option to obtain accurate solutions at all frequencies. This method,
however, may be slower than the other two methods.

Number of FMM Levels This option is enabled only when the option Use FMM is selected.
Proper selection of number of FMM levels is very important to run the analysis efficiently.
Always use the Levels Suggested in the edit dialog box (Figure 7.7).

Level 0 represents a cube (root cell) enclosing the entire acoustic model. Level 1 represents
eight children cells formed by sub-dividing the root cell into eight octants. Each of the
children cells are further divided into eight more to represent the next level. This is applied
recursively until we reach the lowest level. Figure 7.8 shows a cell hierarchy. FMM is
applied only for far field cells. All near field interactions are computed directly. A minimum
of Level 2 is required to apply FMM to the acoustic problem (refer to Figure 7.8), far cells
appear only for number of FMM levels > 3). As a general rule of thumb, the number of
FMM levels are selected such that the edge length of the cell in the final level is similar to
the size of the elements in the boundary element mesh. For example, consider a cube of size
axaxa with a mesh of 30 x 30 elements on each side. Select the numberofFMMlevels = 6.
The size of the cell at the final level is a/32, which is of the same order as the element
length a/30. The Levels Suggested in the analysis sequence is computed similarly.
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Figure 7.7: Suggested number of FMM levels.
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Figure 7.8: Computational cell hierarchy constructed at different FMM levels.

7.1.1.4. Solution Method

This option is enabled only when the Use FMM is not selected. In the Regular method (when
FMM is not being used), Coustyz builds system matrices and the linear system of equations are
solved either by an iterative method, GMRES, or by a direct method, LU decomposition. The
user can select either of these solution methods from the drop-down menu.

GMRES This option solves the linear system of equations by the iterative method Generalized
Minimum Residual Method (GMRES). (Figure 7.10).

Direct This option solves the linear system of equations by LU decomposition.

7.1.1.5. GMRES

The contents of this panel are activated only when GMRES is selected as the Solution
Method. Coustyr uses GMRES as the default iterative solver when Use FMM option is
selected. The linear system of equations are solved by the iterative method Generalized Minimum
Residual Method (GMRES). (Figure 7.6).

Preconditioner Type Preconditioners are used in iterative solvers to improve spectral prop-
erties of the system matrices for faster convergence. Coustyz implements three precondi-
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Figure 7.9: Solution Method FMM
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Figure 7.10: GMRES
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tioners which can be selected based on the user requirements for reducing memory usage,
faster convergence, parallel-processing, etc. (Figure 7.6).

None This option is selected if the user wants to use GMRES without any preconditioner.
Selection of this option reduces the memory usage, as the preconditioner matrix is
not created, but results in large number of iterations before the solution converges to
the specified tolerance.

EBE This option selects the Element-By-Element (EBE) preconditioner to be used in
GMRES. The preconditioner matrix is represented as a product of element matrices.
This helps to store individual element self-influence matrices in unassembled form,
thus reducing the memory usage to O(N) (from O(N?) for Near field preconditioner),
where N is the number of unknowns. The convergence rate (that is, the number of
iterations taken by GMRES to converge to a specified tolerance) is in between that
of Near field and Diagonal preconditioners.

Near Field This option selects the Near field preconditioner to be used in GMRES. The
preconditioner is assembled from the element self-influence matrices. By far, this is
the best preconditioner known for its fast convergence rate. However, it’s memory
usage increases scales as O(N?) and rapidly with the number of unknowns (V). This
method is suggested if the number of unknowns are small.If memory usage is not an
issue, the user is strongly recommended to use this option for all problems. For a
large number of unknowns, use the EBE method.

Diagonal This option selects the Diagonal preconditioner where only the terms in certain
number of bands along the main diagonal of the preconditioner matrix are non-zero.
The non-zero terms are assembled from the element self-influence matrices. The con-
vergence rate is the worst among all the preconditioners. However, the time taken for
each iteration is less than other preconditioners. The number of bands to be consid-
ered while assembling Diagonal preconditioner are specified by the option Number
Bands including Diagonal

Number Bands including Diagonal This option is enabled only when Diagonal precondi-
tioner is selected. The preconditioner is assembled upto the number of bands specified
from the element self influence matrices. (Figure 7.6)

Convergence Criterion GMRES breaks out of the iteration when the error in the solution
becomes less than the specified tolerance. Coustyx offers the following two choices for the
convergence criterion. (Figure 7.6)

Residual This option computes the residue from the solution vector at each iteration. It
is the most commonly used convergence criterion. (Figure 7.6)

Sound Power This option computes the error between sound powers from two consecu-
tive iterations and verify if that is less than the specified tolerance. The sound power
convergence criterion is useful in cases where the sound power converges faster than
the field solution. (Figure 7.6)

Residual as a Percentage This option is enabled only when Residual option is selected as
the Convergence Criterion. (Figure 7.6). For a linear system of equations Az = b, the
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residue (R) as a percentage is given by,

16— Az]|

R =
il

x 100

GMRES keeps running until the percentage error in residue is less than the specified value.
The smaller the chosen value the better the accuracy of the final solution will be. But
this increases the analysis run time. The selection of this value is based on the user’s
requirement for the accuracy of the solution to the requirement in speed of the analysis.
The final solution will have an error in percentage less than the value specified.

Change in Sound Power as a Percentage This option is enabled only when Sound Power
option is selected as the Convergence Criterion. (Figure 7.6). The change in sound
power as a percentage is used as the specified tolerance for the convergence of GMRES.

Number of Vectors in Krylov Subspace at Restart GMRES approximates the solution
by minimizing the residue in an orthonormal basis spanned by vectors in Krylov subspace.
For every iteration a new vector is added to the Krylov subspace. To control storage re-
quirements in GMRES the maximum number of vectors in Krylov subspace are fixed with
this option. When GMRES iterations reach this number, all the vectors in Krylov subspace
are cleared and a new GMRES cycle is restarted using the latest iterate as the initial guess.
The choice of the maximum number of these vectors is critical in implementing GMRES
efficiently. The more the number of vectors in Krylov subspace, the better are the chances
of finding the solution, that means faster convergence. However, a value that is larger than
necessary involves excessive work and storage. And a value smaller than necessary may
lead GMRES to converge slowly or even fail to converge. (Figure 7.6).

Initial Guess GMRES requires an initial guess to start the solver at each frequency. The choice
of initial guess could determine the rate of convergence.

Previous Solution This option sets the solution from the previous frequency, while run-
ning a frequency sweep, as the initial guess to GMRES. For the first frequency it
uses the excitation vector. This might result in faster convergence when adjacent
frequencies have similar solutions.

Excitation Vector This option selects the excitation vector (b from system of equations
Az = b) as the initial guess to GMRES.

7.1.1.6. Integration

In Coustyxr regular Gauss quadrature method is used to numerically evaluate element ma-
trices. The number of quadrature points are represented by integration order. An integration
order corresponds to the highest degree of the polynomial that can be integrated over an element
with zero error. The user can select the integration order for triangle and quadrilateral elements
separately. (Figure 7.6).



204 Analysis Sequences

Table 7.1: List of valid integration orders and the corresponding quadrature points on triangle

elements.

Order | No. of points

0 1

2 3
4 6
5 7
6 12
7 13
9 21
13 36
18 66
20 78
21 91
23 105

Table 7.2: List of the integration orders and the corresponding quadrature points on quadrilateral
elements. Note, the total number of quadrature points are nptsxnpts

Order | No. of Points
n (even) n/2+1
n (odd) (n+1)/2

Use Fixed Integration Order This option is to set fixed number of quadrature points to be
used for all elements. For a FMM case this option is selected by default. The user can’t
un-select this option when Use FMM is already selected.(Figure 7.6).

Integration Order of Triangular Elements This option is active only when Use Fixed
Integration Order is selected. The user can select the order to which element inte-
grals are evaluated on triangular elements. Table 7.1 shows the list of valid integration
orders and the corresponding quadrature points on triangle elements. If the user se-
lects an integration order that is not in the Table 7.1, Coustyx automatically considers
the quadrature points belonging to the next highest order. (Figure 7.6).

Integration Order of Quadrilateral Elements This option is active only when Use
Fixed Integration Order is selected. The user can select the order to which element
integrals are evaluated on quadrilateral elements. Table 7.2 shows the list of valid
integration orders and the corresponding quadrature points on quadrilateral elements.
(Figure 7.6).

Variable Order Integration Scheme This option is enabled only when Use Fixed Inte-
gration Order is not selected. For FMM case this option is not enabled. The presence
of Green’s function (which has 1/r factor) effects the accuracy of the element integrals
computed by Gauss quadrature procedure when two elements are very close to each other.
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Table 7.3: Variable integration order used for element matrix computations. Note: D is the
distance between centroids of the elements and L is the average length of the elements.

Quadrilateral Triangle
Medium | Fine | Finest | Medium | Fine | Finest
D/L<2 5 9 11 9 9 9
2<D/L<5 5 7 9 9 9 9
5<D/L<20 3 5 5 9 9 9
20>D/L 3 3 3 9 9 9

We need more integration points for evaluating element integrals accurately for very close
elements than compared to elements which are further away. Table 7.3 shows quadrature
rules which are formulated based on multiple numerical experiments conducted over ele-
ments at various distances with variable number of quadrature points and the accuracy of
the element matrix computations. For a given accuracy level the number of integration
points required increases with the decrease in the ratio D/L, where D is the distance be-
tween the centroids of the elements, and L is the average edge length of the two element
edges. (Figure 7.12)

Medium This option is selected when medium accuracy of the solution is acceptable.
Table 7.3 shows the integration orders used for quadrilateral and triangular elements.
For most of the problems this accuracy level is good enough. (Figure 7.12)

Fine This option is selected when high accuracy of the solution is required. Table 7.3 shows
the integration orders used for quadrilateral and triangular elements. (Figure 7.12)

Finest This option is selected when very high accuracy of the solution is required. Ta-
ble 7.3 shows the integration orders used for quadrilateral and triangular elements.
(Figure 7.12)

7.1.2. Frequency Ranges

The Frequency Ranges window in Figure 7.13 shows a table of frequency ranges. The
table contains columns Start(Hz), Delta(Hz), No.Fregs., End(Hz).

e Start(Hz) is the start frequency in Hz.
e Delta(Hz) is the frequency resolution in Hz.
e No.Freqgs. is the number of frequencies.

e End(Hz) is the end frequency in Hz.

The user can set a frequency range by inputting values in any of the three columns of the
table, the fourth value is derived from the other three. Multiple frequency ranges can either be
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Figure 7.12: Variable Order Integration Scheme
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Marme: Analysis Sequence

| Description | Salver Controls | Frequency Ranges | outputs | Seript |

Start (Hz) Delta (Hz) MNo. Freqs. End {Hz)

1 50.000000 5.000000 100 545.000000

Load Frequencies. ..

’ 04 ] [ Cancel ]

Figure 7.13: Frequency ranges window.

manually added to the table or can be loaded into the table by clicking on Load Frequencies...
button (Figure 7.13). More details on various options provided to load frequencies are discussed
next. Refer to Figure 7.14.

e Source is the option type from which frequencies are loaded. Frequencies can be loaded
from a File, Structure Freq Response Data, Structure Natural Mode Data, Octave-Band
Center Frequencies, 1/3 Octave-Band Center Frequencies, 1/6 Octave-Band Center Fre-
quencies, 1/12 Octave-Band Center Frequencies, and 1/24 Octave-Band Center Frequen-
cies.

e Whether to replace the table, or append data to it The data from the Source
can be used to either replace the current table or append to the existing table with the
selection of one of the options: Replace or Append respectively.

7.1.2.1. File

Analysis frequencies could be loaded from an ASCII file using this option (Figure 7.15). The
components in the file should be separated by commas, tabs or spaces. Each line in the ASCII file
represents one frequency range. A line may contain at the most three columns; the first column
represents Start(Hz) frequency, the second represents Delta(Hz), and the third represents
No.Freqs.. If a row contains only one column, the value is accepted as the Start frequency and
the other values are set to the default values, that is, Delta=0.0 and No.Freqs=1.

Click on Browse... button to find the desired ASCII file. Select the file and click OK. To
load frequencies from the file to the Frequency Ranges table press OK. To discard changes press
CANCEL.
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Figure 7.14: Load frequencies window.
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)
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Figure 7.15: Load frequencies from a file window.
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e File Name is the full path of the ASCII file used to load analysis frequencies.

7.1.2.2. Structure Freq Response Data

Load Frequencies (=3
Source: [Structure Freq Response Daka v] Help
Whether to replace the table, or append the data to it: Replace -
Structure Info.
Skruckure Marme: | -
[ oK ] [ Cancel l

Figure 7.16: Load frequencies from the structure frequency response data.

Analysis frequencies could be extracted from a structure’s frequency response data using this
option (Figure 7.16). Verify whether the selected structure (defined in Structure Name) has
frequency response data from: Model — Structures — <Structure Mesh Name> — Freq
Response Data. See Section 5.1.2 on how to load frequency response data of a structure to
the Coustyx model. Press OK to load frequencies. A new dialog box with the list of available
frequencies from the frequency response data appear. See Figure 5.3. Select the frequencies
of interest by checking/unchecking a frequency or by using any of the buttons: Select All,
Unselect All, or Select by Frequency Range.... If there is no frequency response data
available for the selected structure, an alert window will pop up with the same message.

e Structure Name This drop down menu lists names of all structures present in the Coustyz
model. Select the desired structure from the menu. Analysis frequencies are extracted from
this structure’s frequency response data.

7.1.2.3. Structure Natural Mode Data

Analysis frequencies could be extracted from a structure’s natural mode data using this option
(Figure 7.17). Verify whether the selected structure (defined in Structure Name) has natural
mode data from: Model — Structures — <Structure Mesh Name> — Natural Mode Data.
See Section 5.1.3 on how to load natural mode data of a structure to the Coustyzr model. Press
OK to load natural frequencies. A new dialog box with a list of available natural frequencies
from the natural mode data appear. See Figure 5.5. Select the frequencies of interest by check-
ing/unchecking a natural frequency or by using any of the buttons: Select All, Unselect All,
or Select by Frequency Range.... If there is no natural mode data available for the selected
structure, an alert window will pop up with the same message.
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Load Frequencies [+
Source: Skructure Matural Mode Data '] Help
whether to replace the table, or append the data to it: Replace v]
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Skructure Mame: -

(4 ] [ Cancel

Figure 7.17: Load frequencies from the structure natural mode data.

e Structure Name This drop down menu lists names of all structures present in the Coustyx
model. Select the desired structure from the menu. Analysis frequencies are extracted from
this structure’s natural mode data.

7.1.2.4. Octave-Band Center Frequencies

The frequency scale for acoustic analysis is usually divided into contiguous proportional fre-
quency bands. The partitioning of a bth band with lower cut-off frequency f; and upper cut-off
frequency f5 is said to be proportional if f5/f; is the same for each band. The center frequency
fo of such a band is defined as the geometric mean of the upper and lower cut-off frequencies,
that is, f, = \/(f1f2) (vefer [5]). The center frequencies of successive bands have the same ratio
as the upper and lower cut-off frequencies for any band.

In an octave band, the ratio between the upper and lower cut-off frequency (or two successive
band center frequencies) is 2:1, that is, fo/f1 = 2. A 1/3-octave band has fo/f; = 2'/3. For any
1/Nth-octave band, the ratio of band limits (or two successive band center frequencies) is given
by,

f — 9l/N
fi
Octave-band,
2_,
h
1/3 octave-band,
é — 21/3
f1
1/6 octave-band,
f2 _ 91/6
h
1/12 octave-band,
f2 _ 91/12

fi
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1/24 octave-band,
f2 _gl/24
fi
Hence, any proportional or octave band is defined by its center frequency and by N. Analysis
done at these center frequencies are assumed to be valid over the entire band width. Refer

to Table 7.4 for comparison of center frequencies of various fractional octave-bands between the
frequency limits 1000-10000Hz.

Table 7.4: Comparison of preferred center frequencies for fractional
octave-bands between 1000-10000 Hz.

1 Octave | 1/3 Octave | 1/6 Octave | 1/12 Octave | 1/24 Octave
1000 1000 1000 1000 1000
1030
1060 1060
1090
1120 1120 1120
1150
1180 1180
1220
1250 1250 1250 1250
1280
1320 1320
1360
1400 1400 1400
1450
1500 1500
1550
1600 1600 1600 1600
1650
1700 1700
1750
1800 1800 1800
1850
1900 1900
1950
2000 2000 2000 2000 2000
2060
2120 2120
2180
2240 2240 2240
2300
2360 2360
2430
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Table 7.4: (continued)

1 Octave | 1/3 Octave | 1/6 Octave | 1/12 Octave | 1/24 Octave
2500 2500 2500 2500
2580
2650 2650
2720
2800 2800 2800
2900
3000 3000
3070
3150 3150 3150 3150
3250
3350 3350
3450
3550 3550 3550
3650
3750 3750
3870
4000 4000 4000 4000 4000
4120
4250 4250
4370
4500 4500 4500
4620
4750 4750
4870
5000 5000 5000 5000
5150
5300 5300
5450
5600 5600 5600
5800
6000 6000
6150
6300 6300 6300 6300
6500
6700 6700
6900
7100 7100 7100
7300
7500 7500
7750
8000 8000 8000 8000 8000
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Table 7.4: (continued)

1 Octave | 1/3 Octave | 1/6 Octave | 1/12 Octave | 1/24 Octave
8250
8500 8500
8750
9000 9000 9000
9250
9500 9500
9750
10000 10000 10000 10000
Load Frequencies (=3
Source: Crckave-Band Center Frequencies '] Help
whether to replace the table, or append the data to it: Replace v]
Ockave-band Frequency Range
Lower Lirit: 10,000000000000 Upper Limit: 5000, 0000000000

oK, H Cancel ]

Figure 7.18: Load center frequencies of an octave band.

Steps to be followed to generate octave-band center frequencies:

e Select one of the 1/N Octave-Band Center Frequencies from the Source drop-down menu.
Figure 7.18.

e Select one of the options: Replace or Append from Whether to replace the table,
or append data to it drop-down menu.

e Enter the lower and upper frequency limits in text boxes: Lower Limit and Upper Limit
respectively.

e Press OK to generate a list of preferred center frequencies for the selected octave-band
within the upper and lower frequency limits. Press CANCEL to discard changes.

Octave-Band frequency range definitions:

e Lower Limit. The lower limit for the selection of octave-band center frequencies. The
frequency defined here should lie between 10Hz—31500Hz. Center frequencies generated lie
within the upper and lower frequency limits.
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e Upper Limit. The upper limit for the selection of octave-band center frequencies. The
frequency defined here should lie between 10Hz—31500Hz. Center frequencies generated lie
within the upper and lower frequency limits

7.1.2.5. 1/3 Octave-Band Center Frequencies

The center frequencies of two successive bands in a 1/3 octave-band have a ratio of 21/3:1.
Refer to Octave-Band Center Frequencies for more details.

7.1.2.6. 1/6 Octave-Band Center Frequencies

The center frequencies of two successive bands in a 1/6 octave-band have a ratio of 21/:1.
Refer to Octave-Band Center Frequencies for more details.

7.1.2.7. 1/12 Octave-Band Center Frequencies

The center frequencies of two successive bands in a 1/12 octave-band have a ratio of 21/12:1.
Refer to Octave-Band Center Frequencies for more details.

7.1.2.8. 1/24 Octave-Band Center Frequencies

The center frequencies of two successive bands in a 1/24 octave-band have a ratio of 21/24:1.
Refer to Octave-Band Center Frequencies for more details.

7.2. Outputs

The Outputs window is shown in Figure 7.19. It consists of options to save the results to a
binary file, save pressure and velocity at sensor locations to an ASCII file, create an iGlass file for
post-processing visualization, and options to compute sound power levels from ISO standards.

7.2.1. Binary Results

7.2.1.1. Create a Binary Results File

This option is selected to save the solution state at the end of each analysis frequency. The
binary file could later be read using a Coustyz function to recreate the solution state. Figure 7.19.
7.2.2. Sensors

Sensors are field point locations at which pressure and particle velocities are computed.

7.2.2.1. Create an Ascii Sensors File

This option is selected to save the field point pressure and velocities at sensor locations to
an ASCII file sensors.dat. Figure 7.20. The sensor coordinates could be entered manually or
imported from an ASCII file.
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Mame: Analysis Sequence

| Diescription I Lnits | Solver Contrals | Frequency Ranges | Outputs |Script |

Binary Results |Sensors | IGlass | Sound Power Standards|
Binary Results
Create a Binary Resulks File

File Mame: resulks, dat

Ok ] [ Cancel

Figure 7.19: Analysis outputs window.

The output data is written to a file entitled sensors.dat. You can modify the output file
name by typing in a new name or by selecting an existing file through the Browse button.
Each row in the output file corresponds to the data at all sensors at one frequency. The first
column corresponds to the frequency of analysis, the second and third correspond to the real
and imaginary parts of the field point pressure at the first sensor, the fourth and fifth contain
the real and imaginary parts of the z component of the velocity vector (v,) at the first sensor,
columns six to nine contain velocity components in y (v,) and z (v,) directions. The data for n'"
sensor is written between columns 8(n — 1) +2 and 8(n — 1) +9. Use the matlab utility function
“ImportSensorData.m” provided with Coustyz to import the data into matlab workspace. You
can find this file in the folder $InstallDir\MatlabFiles. To set the folder in the matlab path use:
>>addpath(“$InstallDir\MatlabFiles”) or go to: Matlab — File — Set Path — Add Folder
after opening Matlab.

7.2.2.2. Import From File

The sensor coordinates can be imported from an ASCII file with components separated by
commas, tabs or spaces. The file must contain three columns representing X, Y and Z coordinates
of a sensor (Figure 7.21). Each new sensor is added to a new row. Import Options window opens
up after the selection of the file with the following options:

Whether to replace the table, or append the data to it The imported data from the file
can be used to either replace the current table or append to the existing table by the
selection of one of the options: Replace or Append. (Figure 7.21)

Scale factor All the values in the ASCII file are multiplied by the Scale factor before being
read into the table (Figure 7.21). This is specifically useful when the imported file has
different units compared to Coustyr model. A unit conversion factor should be used as the
Scale factor to convert these values. For example, when the coordinates in the ASCII file
are in m and the Coustyr units are in mm, a Scale factor of 10% is entered to convert the
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Marne: Analysis Sequence

| Drescripkion ISolver Controls | Frequency Rangss | Qutputs |Script |

Binary Results | Sensors | IGlass |

Sensors
Create an Asci Sensors File

File Mame: censars.dat Browse. .,

Sensor Coordinates:

New: | |

Impork from file...

[ [o]4 J[ Cancel ]

Figure 7.20: Sensor output window.

values in the file from m to mm. A Scale factor of 1 imports the values as they are.

7.2.3. IGlass

IGlass files are data files used to visualize in three dimension, the boundary element solution
from Coustyz. In addition to the generation of surface potentials data on the boundary element
mesh, the user has the option of creating different field point grids to get surface color maps of
pressures and particle velocities. Figure 7.22 shows the 1Glass outputs window.

7.2.3.1. Create an IGlass File

This option is selected when the user wants to save the output data for IGlass post-processing
visualization. The surface potentials of the boundary element mesh are saved to a binary file
with extension *.igl. If any field point grids are selected the acoustic variables at these field
points are also computed and stored into the file. After the analysis, the user can open the file
using the 1Glass Viewer.

7.2.3.2. Field Point Grids

Coustyx offers a variety of field point grid options to visualize acoustic field generated by the
boundary element solution.

Type There are six different types of field point grids offered by Coustyz. They are Quadri-

lateral, Triangle, Annular Disc, Box, Sphere, and Structure Mesh. The field point
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Analysis Sequence =]

Mame: Analysis Sequence

| Description | Solver Controls | Frequency Ranges | Qutputs |Script |

| Binary Results | Sensars | IGlass |
SENs0rs
Create an Asci Sensors File

File Mame: sersors, dat Browse...

Sensor Coordinates:

Import Options @
Whether ko replace the kable, or append the data ko jt:
New: [ |- ofacton 1.0000000000000
[ Ok ] [ Cancel ]

Import From file., ..

[ [a]4 ] [ Cancel ]

Figure 7.21: Import Sensor Coordinates from a File.

pressure, particle velocity, time-averaged intensity are some of the acoustic variables com-
puted at these points. Figure 7.23 shows some of the field point grid types and the definition
of variables required to generate these grids. Field point grids can be added or deleted by
pressing the buttons Add or Delete located at the bottom of the IGlass window (refer to

Figure 7.22).

Quadrilateral This option is selected to generate a quadrilateral grid, specified by four
corners and the number of divisions in each direction. The coordinates of the four cor-
ners need to be entered in a particular order, as shown in Figure 7.23 for quadrilateral

grid. (Figure 7.24)

No. of divisions N1 The number of divisions in the direction connecting Corner
1 to Corner 2 in a quadrilateral grid (refer to Figure 7.23). The grid defined by

the four corners is divided into N1xN2 divisions.

No. of divisions N2 The number of divisions in the direction connecting Corner
1 to Corner 3 in a quadrilateral grid (refer to Figure 7.23). The grid defined by

the four corners is divided into N1xN2 divisions.

Triangle This option is selected to generate a triangle grid, specified by three corners and
equal number of divisions on all sides. The coordinates of the vertices are entered in

the table. (Figure 7.25)

No. of divisions N The number of divisions in a triangle grid. Each side of the

triangle is divided into equal number of divisions, N.
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Analysis Sequence

Marne: Analysis Sequence

| Description | Solver Controls IFrequency Ranges | Cutputs |Scri|:ut |

| Binary Results | SEnsars | IGlass |

ialass
Create a IGlass File

File Mame: jglass.igl

Field Poink Grids

Browse. ..

MName Type
New: I
Field Mesh Mame! yewFieldPointarid
Tvpe:
Quadrilateral -
Quadrilateral Grid Daka
X Y Fs
Corner 1 0.000000 0.00000a 0.00000a
Corner 2 0.0000aa 0.000000 0.000000
Corner 3 0.000000 0.00000a 0.00000a
Corner 4 0, 000000 0,000000 | 0.000000]

Mo, of divisions M1

Ma. af divisions N2

[ Add ] | Delete

l (a4 I[ Cancel l

Figure 7.22: IGlass output window.
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N2 N N

3 4 3 o
QUADRILATERAL GRID

N 2
TRIANGLE GRID

1 N1 2
|
1

5 ' 6
N2 .
1
|

N3
7 8
ANNULAR DISC GRID CUBE GRID

SPHERE GRID

Figure 7.23:

1Glass field point grid types - Quadrilateral, Triangle, Annular Disc, Box, and
Sphere.
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il Analysis Sequence x|
Mame: I.D.nalysis Sequence

Desctiption I Solver Controls I Frequency Ranges Qutputs |Scri|:|t |

Einary Resulks | Sensors  Lalass |
—iElass
¥ Create a IGlass Fils

File Mame: Iiglass.igl Brawse. .. |

—Field Point Grids

Field Mesh Mame: yeyFieldPointGrid

Twpe:

—Quadrilateral Grid Data

X Y F
Corner 1 0, 000000] 0,000000 0,000000
Corner 2 0.000000 0.000000 0.000000
Corner 3 0.000000 0.000000 0.000000
Corner 4 0,000000 0,000000 0.000000
Mo, of divisions M1 |1
Mo, of divisions M2 |1

Add | Delete |

oK I Cancel |

Figure 7.24: Quadrilateral 1Glass field point grid types.
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ll Analysis Sequence =
Marme: I.ﬂ.nalysis Sequence

Descriptionl Salver Controlsl Frequency Ranges QUtpUEs |Script |

Binary Resulks | Sensors [Glass |
—iGlass
¥ Create a IGlass File

File Narne: Iiglass. il Browse, .. |

rField Point Grids

Name Type

rew: |

Field Mesh Name: ey eldPoint arid

—Trianglular Grid Data

X Y 2
Corner 1 1, ooo0oo)] 0,000000 0,000000
Corner 2 0. 000000 0.000000 0.000000
Corner 3 0. 000000 0. 000000 0. 000000
o, of divisions M 1

Add | Delete |

oK I Cancel |

Figure 7.25: 1Glass Triangle field point grid types.
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Annular Disc This option is selected to generate an annular disc grid, specified by the
position of its center, the normal vector to the plane of the disc, the inner and outer
radii, and the number of divisions in the radial and angular directions. (Figure 7.26)

Center The coordinates of the center of the annular disc are set using this option.
(Figure 7.26)

Normal The normal to the plane of the annular disc is set using this option. (Fig-
ure 7.26)

Inner Radius This option sets the inner radius of the annular disc. Any value
greater than or equal to zero and less than the outer radius is valid. (Figure 7.26)

Outer Radius This option sets the outer radius of the annular disc. Any value
greater than the inner radius is valid. (Figure 7.26)

No. of divisions in radial direction The number of divisions in the radial direc-
tion of the annular disc grid (refer to Figure 7.23).

No. of divisions in circular direction The number of divisions in the circular di-
rection of the annular disc grid (refer to Figure 7.23).

Box This option is selected to generate a box grid, specified by eight corners and different
number of divisions in each direction. The coordinates of the eight corners need to
be entered in the specific order shown in Figure 7.23 for the box grid. (Figure 7.27)

No. of divisions N1 The number of divisions in the direction connecting Corner 1
to Corner 2 (refer to Figure 7.23). (Figure 7.27) The box grid surface is divided
into N1xN2xN3 divisions.

No. of divisions N2 The number of divisions in the direction connecting Corner 1
to Corner 3 (refer to Figure 7.23). (Figure 7.27) The box grid surface is divided
into N1xN2xN3 divisions.

No. of divisions N3 The number of divisions in the direction connecting Corner 1
to Corner 5 (refer to Figure 7.23). (Figure 7.27) The box grid surface is divided
into N1xN2xN3 divisions.

Sphere This option is selected to generate a sphere grid, specified by the position of the
center, its radius and the number of divisions in 6 and ¢ directions. (Figure 7.28)

Center The coordinates of the center of the sphere are set using this option.

Radius This option sets the radius of the sphere. Any value greater than zero is
valid.

No. of divisions in zenith angle direction The number of divisions in 6 direc-
tion (refer to Figure 7.23).

No. of divisions in azimuth angle direction The number of divisions in ¢ direc-
tion (refer to Figure 7.23).

Structure Mesh This option is selected to use existing structure mesh in the model as
the field point grid. To use a structure mesh, first Import the mesh into Structures
model tree member. Refer Section 5.1.1 on how to import a structure mesh into
Coustyr model. Then, select the structure from the list of structure names provided
in the drop-down menu. (Figure 7.29). Note that the iglass data is created only for
the visible faces of the structure mesh.
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Analysis Sequence x|
Marne: |Analvsis Seguence

Diescription | Salver Cantrals | Frequency Ranges  Sutputs IScript I

Binary Results I Sensors  1Glass |
—iGlass
¥ Create a IGlass File

File Mame: Iiglass il Browse. .. |

—Field Point Grids

Name Type

new: |

Field Mesh Name: [nevwFieldPaint Grid

Tvpe:

r—Annular Grid Data
4 Y 2
Center 0,000000] 0.000000 0.000000
Mormal 0.000000 0.000000 0.000000
Inner Radius: IIZI.D
Quker Radius: | 1.0000000000000
Mo, of divisions in radial direction: |1
Mo, of divisions in circular direction: IS

Add | Delete |

o4 I Cancel |

Figure 7.26: IGlass Annular Disc field point grid types.
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Analysis Sequence x|

Mame: I.ﬂnalysis Sequence

Description I Solver Contrals | Frequency Ranges OuEputs |Script |

Binary Resultsl sensors  1Glass |

iGlass
[¥ reate a Islass File

File Name:liglass.igl Browse. .., |

r—Field Point Grids

Field Mesh Mame: yewFieldrointGrid

Twpe:

—Box Grid Data

b4 ¥ 2

Corner 1 [, oooona] 0, 000000 0, 000000
Corner 2 0,000000 0,000000 0,000000
Corner 3 0.000000 0. 000000 0.000000
Corner 4 0.000000 0. 000000 0.000000
Corner 5 0, 000000 0, 000000 0, 000000
Corner & 0,000000 0,000000 0,000000
Corner 7 0.000000 0. 000000 0.000000
Corner 8 0.000000 0. 000000 0.000000

Mo, of divisions M1: |1

Io, of divisions M2t |1

Mo, of divisions M3: |1

&dd | Delete |

oK I Cancel |

Figure 7.27: IGlass Box field point grid types.
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il Analysis Sequence

Mame:

I.ﬂ.nalysis Sequence

Descriptionl Solver Controlsl Frequency Ranges QUtpUEs |Script |
Binary Results I Sensors  LGlass |

—iGlass
¥ Create a IGlass File

File Name:liglass.igl

Browse. .. |

—Field Paint Grids

Name

new: |

Type

Field Mesh Mame: ey FieldPaintarid

Tvpe:

— Spherical Grid Data

Center 0.000000] 0.000000 0.000000

Radius: 1, 0000000000000
Mo, of divisions in zenith angle direction: IB
Mo. of divisions in azimuth angle direction: IB

Add | Delete |

oK I Cancel |

Figure 7.28: IGlass Sphere field point grid types.
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Analysis Sequence 1 x|

Analysis Sequence 1

ewFieldPointGrid
Structure Mesh |—

[

Struckmesh_0

Figure 7.29: IGlass Structure mesh field point grid types.
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Structure Name The name of the structure mesh to be used as the field point grid.
This list would be populated only if there are structure meshes in the main model
tree member Structures.

7.2.3.3. I1Glass Outputs

e Run acoustic analysis and create an IGlass file.
e Double-click on the IGlass file to open it using IGlass Viewer (Figure 9.48).
e Click on the Attribs tab on the top left of the viewer.

e Visualize outputs by selecting any of the acoustic variables listed in the Attribute drop-
down menu.

Multi-Domain Model For a Multi-Domain model, the Attribute drop-down menu lists the
following outputs:

Displacement This attribute displays the acoustic particle displacement vector over the
surface of the boundary element mesh and at field point grids.

Surface Normal This attribute displays the surface normals on the boundary element
mesh and field point grids. Even though this attribute is not an acoustic property it is
listed to clarify the normal vectors used to compute Normal Velocity and Normal
Sound Intensity.

For the boundary element mesh in Multi-Domain model, the surface normal is in the
direction of the Domain Normal. Note that the Domain Normal always points away
from the domain of interest (refer to Section 6.3 for definition).

Surface normals for different types of field point grids provided in Coustyx (Fig-
ure 7.23) are defined below. For Quadrilateral and Triangle grids, the surface
normals point into the surface for the grid coordinates defined in the order shown in
Figure 7.23. For Annular Disc grid, the surface normal is in the direction of the disc
normal. For Cube grid, the surface normals on all faces of the cube point outward
when the grid coordinates are defined in the order shown in Figure 7.23. For Sphere
grid, the surface normal at any point on the grid points radially away from the center.

Pressure This attribute displays the sound pressure (amplitude with phase) on the surface
of the boundary element mesh and at field point grids.

Normal Velocity This attribute displays the component of acoustic particle velocity
(amplitude with phase) in the Surface Normal direction.

Velocity This attribute displays the acoustic particle velocity vector (amplitude with
phase) on the surface of the boundary element mesh and at field point grids.

Sound Intensity This attribute displays the time averaged sound intensity vector on the
boundary element mesh and over field point grids.
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View | Bodies Allrib8| ii

x| | 2]

lso

Attribute:

Surface Pressure Plus

Surface Mu

Surface Sigma
Surface Pressure Plus
Surface Pressure Minuz
Field Paint Pressure
Falette Mode:

[BOTH -
| 3.0618e-002
30618003

[0.0000=+000
-3.0618e-003
-3.0618e-002
Fick:

B ] Bl
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Load:
|o

|—

Contact Pressure:
0.0000e+000

00000e+000 | |
| 0.0000e+000

000002000
[ooodoes0o0 [ ]

Copy

| Exit 'I

Figure 7.30: IGlass viewer showing sound pressure distribution on the exterior surface of a
housing.
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Normal Sound Intensity This attribute displays the component of the time averaged
sound intensity in the Surface Normal direction.

Indirect Model For an Indirect model, the Attribute drop-down menu lists the following
outputs:

Displacement This attribute displays the acoustic particle displacement vector at field
point grids. The acoustic particle displacements over the boundary element surface
is not shown.

Surface Normal This attribute displays the surface normals on the boundary element

mesh and field point grids. Even though this attribute is not an acoustic property it
is listed to clarify the normal vectors used to compute Normal Velocity-Plus, or
Normal Velocity-Minus and Normal Sound Intensity-Plus, or Normal Sound
Intensity-Minus. Also, the Plus and Minus values in the Indirect BE solution are
defined with respect to the surface normals. The plus side of a boundary element is
the side at the leading end of the surface normal and the minus side is the side at the
trailing end.
For the boundary element mesh in Indirect model, the surface normal is in the direc-
tion of the Flement Normal. Surface normals for different types of field point grids
provided in Coustyx (Figure 7.23) are defined below. For Quadrilateral and Tri-
angle grids, the surface normals point into the surface for grid coordinates defined
in the order shown in Figure 7.23. For Annular Disc grid, the surface normal is in
the direction of the disc normal. For Cube grid, the surface normals on all faces of
the cube point outward when the grid coordinates are defined in the order shown in
Figure 7.23. For Sphere grid, the surface normal at any position on the grid points
radially away from the center.

Pressure-Plus This attribute displays the sound pressure (amplitude with phase) on the
positive side (or the plus side) of the boundary element mesh and at field point grids.
Note that the plus side of a boundary element is the side at the leading end of the
element normal (refer to Figure 6.16). For field point grids, there is no distinction
between the positive side (plus side) and the negative side (minus side). Hence same
values are displayed for Pressure-Plus and Pressure-Minus.

Pressure-Minus This attribute displays the sound pressure (amplitude with phase) on
the negative side (or the minus side) of the boundary element mesh and at field point
grids. Note that the minus side of a boundary element is the side at the trailing end of
the element normal (refer to Figure 6.16). For field point grids, there is no distinction
between the positive side (plus side) and the negative side (minus side). Hence same
values are displayed for Pressure-Plus and Pressure-Minus.

Normal Velocity-Plus This attribute displays the normal component of the acoustic
particle velocity (amplitude with phase) on the positive side (or the plus side) of the
boundary element mesh surface and at field point meshes. For field point grids there is
no distinction between the positive side (plus side) and the negative side (minus side).
Hence same values are displayed for Normal Velocity-Plus and Normal Velocity-Minus.

Normal Velocity-Minus This attribute displays the normal component of the acoustic
particle velocity (amplitude with phase) on the negative side (or the minus side)
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of the boundary element mesh surface and at field point meshes. For field point
grids there is no distinction between the positive side (plus side) and the negative
side (minus side). Hence same values are displayed for Normal Velocity-Plus and
Normal Velocity-Minus.

Velocity-Plus This attribute displays the acoustic particle velocity vector (amplitude
with phase) on the positive side (or the plus side) of the boundary element mesh
surface and at field point grids. For field point meshes, there is no distinction between
the positive side (plus side) and the negative side (minus side). Hence same values
are displayed for Velocity-Plus and Velocity-Minus.

Velocity-Minus This attribute displays the acoustic particle velocity vector (amplitude
with phase) on the negative side (or the minus side) of the boundary element mesh
surface and at field point grids. For field point meshes, there is no distinction between
the positive side (plus side) and the negative side (minus side). Hence same values
are displayed for Velocity-Plus and Velocity-Minus.

Sound Intensity-Plus This attribute displays the time averaged sound intensity vector
over the positive side (or the plus side) of the boundary element mesh and at field
point grids. For field point grids, there is no distinction between the positive side
(plus side) and the negative side (minus side). Hence same values are displayed for
Sound Intensity-Plus and Sound Intensity-Minus.

Sound Intensity-Minus This attribute displays the time averaged sound intensity vector
over the negative side (or the minus side) of the boundary element mesh and at field
point grids. For field point grids, there is no distinction between the positive side
(plus side) and the negative side (minus side). Hence same values are displayed for
Sound Intensity-Plus and Sound Intensity-Minus.

Normal Sound Intensity-Plus This attribute displays the normal component of the
time averaged sound intensity over the positive side (or the plus side) of the boundary
element mesh and at field point grids. For field point meshes there is no distinction be-
tween the positive side (plus side) and the negative side (minus side). Hence same val-
ues are displayed for Normal Sound Intensity-Plus and Normal Sound Intensity-Minus.

Normal Sound Intensity-Minus This attribute displays the normal component of the
time averaged sound intensity over the negative side (or the minus side) of the bound-
ary element mesh and at field point grids. For field point meshes there is no distinction
between the positive side (plus side) and the negative side (minus side). Hence same

values are displayed for Normal Sound Intensity-Plus and Normal Sound Intensity-Minus.

7.2.4. Sound Power Levels from ISO Standards

Coustyzx provides options to compute sound power levels from any of the following standard
methods: ISO 3744, ISO 3745 and ISO 9614-1. Figure 7.32 shows the Sound Power Standards
outputs window.
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7.2.4.1. Create a Sound Power File

This option is selected when the user wants to create an output data file with sound power
levels computed from ISO standards. The output file is entitled soundpower_from_standards by
default. You can modify the file name by typing in a new name or by selecting an existing file
through the Browse button. The output file consists of two columns: the first column contains
the frequency of analysis in hertz, and the next contains the sound power level computed from
the chosen standard.

7.2.4.2. Weighting Filters

Weighting filters in acoustics are used to enhance or attenuate measured sound pressure
levels based on the spectral content of sound to closely simulate the perceived loudness by
human hearing. The sound pressure levels at frequencies at which human ear is less sensitive
are weighted less than those at which human ear is more sensitive. Figure 7.31 plots the relative
response functions for the following filters: Z-weighting, A-weighting, B-weighting, C-weighting,
and D-weighting. See Table 7.5 ([1]).
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Figure 7.31: Relative response plots for different weighting filters.
Z (Zero) Filter Use this filter to apply zero weight. The measured value is not modified when

this filter is used. Figure 7.31.

A Filter Use this filter to attenuate sound at very high and very low frequencies. This filter
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enhances sound pressure levels in the frequency range between 1kHz to 6kHz, where the
human ear is most sensitive. A-weighting is the most commonly used filter. Figure 7.31.

B Filter Use this filter to assess loud noise. Figure 7.31.

C Filter Use this filter to assess loud noise. Figure 7.31.

D Filter This filter is used to assess loud noises in the aircraft industry. Figure 7.31.

7.2.4.3. ISO 3744

ISO 3744 is an international standard that specifies a method to determine sound power
levels of noise sources using sound pressure measurements ([2]). The sound pressure levels are
measured on a measurement surface enveloping the source. This method is applicable in an
essentially free field near one or more reflecting planes. This method produces results that are
of engineering grade (or grade 2) accuracy. For precision grade (grade 1) accuracy use methods
specified in ISO 3745. Figure 7.32.

Definitions of some commonly used terms in the standard ([2]):

e Measurement surface: A hypothetical surface enveloping the noise source, on which

measurement points are located. The measurement surface terminates on one or more
reflecting planes.

ISO 3744 allows six different measurement surfaces. They are, Hemisphere, Quadrant,
Octant, Parallelepiped, Parallelepiped against wall, Parallelepiped against cor-
ner.

Reference box: A hypothetical surface which is the smallest rectangular parallelepiped
that just encloses the source and terminates on the reflecting plane or planes.

Characteristic source dimension, d,. Half the length of the diagonal of the box con-
sisting of the reference box and its images in adjoining reflecting planes.

Hemisphere Use hemisphere measurement surface when there is only one reflecting plane.

Figure 7.33 shows a hemisphere measurement surface centered at Center. Click on the
Suggest button to auto fill the measurement surface variables in agreement with the stan-
dard. Verify the input you have entered by clicking on the Check button. Coustyx checks
to see if the input variables satisfy the standard requirements. If the standard requirements
are not met, a message window pops up to help you make appropriate corrections.

X-Axis Specify the orientation of the X-axis here. See Figure 7.33 for definition.
Y-Axis Specify the orientation of the Y-axis here. See Figure 7.33 for definition.

Center Specify the center of the hemisphere surface here. Select the coordinates such
that the center is in the middle of the reference box and its image in the reflecting
plane.

Radius The radius of the hemisphere surface shall be equal to or greater than twice the
characteristic source dimension, d,, and not less than 1m.
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Table 7.5: Relative response levels for various weightings ([1]).
Nominal A-weighting | B-weighting | C-weighting | D-weighting
Frequency, Hz dB dB dB dB
10 -70.4 -38.2 -14.3 -26.63
12.5 -63.4 -33.2 -11.2 -24.69
16 -56.7 -28.5 -8.5 -22.56
20 -50.5 -24.2 -6.2 -20.63
25 -44.7 -20.4 -4.4 -18.7
31.5 -39.4 -17.1 -3 -16.72
40 -34.6 -14.2 -2 -14.68
50 -30.2 -11.6 -1.3 -12.79
63 -26.2 -9.3 -0.8 -10.87
80 -22.5 -7.4 -0.5 -8.94
100 -19.1 -5.6 -0.3 -7.2
125 -16.1 -4.2 -0.2 -5.57
160 -13.4 -3 -0.1 -3.92
200 -10.9 -2 0 -2.63
250 -8.6 -1.3 0 -1.59
315 -6.6 -0.8 0 -0.81
400 -4.8 -0.5 0 -0.36
500 -3.2 -0.3 0 -0.28
630 -1.9 -0.1 0 -0.46
800 -0.8 0 0 -0.61
1000 0 0 0 0
1250 0.6 0 0 1.92
1600 1 0 -0.1 5.05
2000 1.2 -0.1 -0.2 7.95
2500 1.3 -0.2 -0.3 10.32
3150 1.2 -0.4 -0.5 11.54
4000 1 -0.7 -0.8 11.1
5000 0.5 -1.2 -1.3 9.61
6300 -0.1 -1.9 -2 7.63
8000 -1.1 -2.9 -3 5.46
10000 -2.5 -4.3 -4.4 3.44
12500 -4.3 -6.1 -6.2 1.43
16000 -6.6 -84 -8.5 -0.77
20000 -9.3 -11.1 -11.2 -2.74
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Analysis Sequence

Mame:

Analysis Sequence

| Description | Units I Solver Contrals | Frequency Ranges | Outputs |Script |

Sound Power
Create a Sound Power Fils

File: Mame: saundpower_from_standards.dat

Method:

| Einary Results | Sensors I IGlass | Sound Power Standards |

Browse. ..

IS0 374411994 Standard

7)

1503744

1503744 Specifications
‘weighting Filter:

Measurement Surface:

[Hemisphere

Hemisphere Grid Data

[ Suggest: ]’ Check

z

L-Axis 1.000000
T-Axis 0,000000
Center 0.000000

0.000000 [
1,000000
0,000000

~
0.000000] H

0.000000
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4

1

| »

Roadius:

Microphone &rray:

3.4641016151378
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Probe Positions

Mumber of Probe Positions:
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Figure 7.32: ISO3744 sound power standard window.
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Measurement surface

Reference box

O Key microphone positions

Center

Figure 7.33: ISO3744 - Microphone array on the hemisphere.



236 Analysis Sequences

Table 7.6: 1SO3744 - Coordinates of key microphone positions (1-10) and additional microphone
positions (11-20) on a hemisphere ([2]).

Microphone 2 4 z
position
1 -0.99 0 0.15
2 0.5 | -0.86 | 0.15
3 0.5 0.86 | 0.15
4 -0.45 | 0.77 | 0.45
5 -0.45 | -0.77 | 0.45
6 0.89 0 0.45
7 0.33 | 0.57 | 0.75
8 -0.66 0 0.75
9 0.33 | -0.57 | 0.75
10 0 0 1
11 0.99 0 0.15
12 -0.5 0.86 | 0.15
13 -0.5 | -0.86 | 0.15
14 0.45 | -0.77 | 0.45
15 0.45 | 0.77 | 0.45
16 -0.89 0 0.45
17 -0.33 | -0.57 | 0.75
18 0.66 0 0.75
19 -0.33 | 0.57 | 0.75
20(=10) 0 0o | 1

Microphone Array Choose any of the available types of microphone arrays from the
drop-down menu. Figure 7.33 shows a microphone array on the hemisphere.

Fixed Positions The microphone positions for this option are listed in Table 7.6
(Figure 7.33). The key microphone positions are numbered from 1 to 10 and
the additional microphones are numbered from 11 to 20. Note that the overhead
positions 10 and 20 coincide.

Number of Probe Positions Choose the number of microphones to be 10 or
19 from the drop-down menu. The microphones are associated with equal
partial areas on the hemisphere surface, except for the 10" position when 19
microphones are selected. The partial area associated with the 10" position
will be twice that of other microphones to account for the omission of 20t"
position (Table 7.6).

Fixed Positions for Source Emitting Discrete Tones The microphone positions
for this option are listed in Table 7.7. This option is recommended over the earlier
option when the source emits discrete tones. The presence of microphones at the
same height above the reflecting plane can lead to strong interference effects if
the source emits discrete tones.

Coaxial Circular Paths Figure 7.34 shows coaxial circular paths in parallel planes
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Table 7.7: 1SO3744 - Coordinates of microphone positions for sources emitting discrete tones.

Microphone £ 4 =
position
1 0.16 | -0.96 | 0.22
2 0.78 | -0.6 0.2
3 0.78 | 0.55 | 0.31
4 0.16 0.9 | 041
5 -0.83 | 0.32 | 0.45
6 -0.83 | 0.4 | 0.38
7 -0.26 | -0.65 | 0.71
8 0.74 | -0.07 | 0.67
9 -0.26 | 0.5 | 0.83
10 0.1 -0.1 | 0.99

Axis of rotation

I
Microphone elevations ‘\4/‘ Heights of
/./ | area segments

A

49 L |

Figure 7.34: Coaxial circular paths in parallel planes for microphone traverses over a reflecting
plane.
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traversed by a microphone over a reflecting plane. The paths are selected such
that the annular area associated with each path is the same.

Number of Circular Paths Traversed by a Probe Enter the number of cir-
cular paths traversed by a microphone. The least number is five.

Quadrant Use quadrant measurement surface when the source under test is in front of a wall.
Figure 7.35 shows a quadrant measurement surface centered at Center. Click on the Sug-
gest button to auto fill the measurement surface variables in agreement with the standard.
Verify the input you have entered by clicking on the Check button. Coustyx checks to see
if the input variables satisfy the standard requirements. If the standard requirements are
not met, a message window pops up to help you make appropriate corrections.

X-Axis Specify the orientation of the X-axis here. See Figure 7.35 for definition.
Y-Axis Specify the orientation of the Y-axis here. See Figure 7.35 for definition.

Center Specify the center of the quadrant surface here. Select the coordinates such that
the center is in the middle of the reference box and its images in the reflecting planes.

Radius The radius of the quadrant surface shall be equal to or greater than twice the
characteristic source dimension, d,, and not less than 1m.

Microphone Array Figure 7.35 shows a microphone array on the quadrant surface. The
microphone positions are listed in Table 7.6.

Number of Probe Positions Specify the number of microphones associated with
equal areas spread over the quadrant surface. Choose the number of microphones
to be 5 or 9 from the drop-down menu.

Octant Use octant measurement surface when the source under test is in front of a corner.
Figure 7.36 shows a octant measurement surface centered at Center. Click on the Suggest
button to auto fill the measurement surface variables in agreement with the standard.
Verify the input you have entered by clicking on the Check button. Coustyz checks to see
if the input variables satisfy the standard requirements. If the standard requirements are
not met, a message window pops up to help you make appropriate corrections.

X-Axis Specify the orientation of the X-axis here. See Figure 7.36 for definition.
Y-Axis Specify the orientation of the Y-axis here. See Figure 7.36 for definition.

Center Specify the center of the octant surface here. Select the coordinates such that the
center is in the middle of the reference box and its images in the reflecting planes.

Radius The radius of the octant surface shall be equal to or greater than twice the char-
acteristic source dimension, d,, and not less than 1m.

Microphone Array Figure 7.36 shows a microphone array on the octant surface. The
microphone positions are listed in Table 7.6.

Number of Probe Positions Specify the number of microphones associated with
equal areas spread over the octant surface. Choose the number of microphones
to be 2 or 3 from the drop-down menu.
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Figure 7.35: ISO3744 - Microphone array on the quadrant.
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Figure 7.36: ISO3744 - Microphone array on the octant.
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Parallelepiped Use parallelepiped measurement surface when there is only one reflecting plane.
Figure 7.38 shows a parallelepiped measurement surface whose sides are parallel to those
of the reference box. Click on the Suggest button to auto fill the measurement surface
variables in agreement with the standard. Verify the input you have entered by clicking
on the Check button. Coustyx checks to see if the input variables satisfy the standard
requirements. If the standard requirements are not met, a message window pops up to
help you make appropriate corrections.

<3d
R ) ) )
VI

° ° °

Figure 7.37: 1SO3744 - Procedure for fixing microphone positions on a parallelepiped measure-
ment surface.

X-Axis Specify the orientation of the X-axis here. See Figure 7.38 for definition.
Y-Axis Specify the orientation of the Y-axis here. See Figure 7.38 for definition.

Cornerl Specify Cornerl of the parallelepiped surface here. See Figure 7.38 for definition.
The parallelepiped is constructed using Cornerl as the starting point and L1, L2, L3
as its dimensions along X, Y, Z-axis respectively.

L1 Length of the parallelepiped in X-direction (Figure 7.38). Specify the value of L1 such
that it satisfies the definition, L1 = [1+ 2d, where [1 is the reference box dimension in
X-direction, and d is the measurement distance. The recommended value for d = 1 m.

L2 Length of the parallelepiped in Y-direction (Figure 7.38). Specify the value of L2 such
that it satisfies the definition, L2 = [2+ 2d, where [2 is the reference box dimension in
Y-direction, and d is the measurement distance. The recommended value for d = 1 m.

L3 Length of the parallelepiped in Z-direction (Figure 7.38). Specify the value of L3 such
that it satisfies the definition, L3 = I3 + d, where [3 is the reference box dimension in
Z-direction, and d is the measurement distance. The recommended value for d = 1 m.

N1 Number of subdivisions in X-direction (Figure 7.38). Select the value of N1 such that
the length of the rectangular partial area formed by these subdivisions satisfies the
criterion: % < 3d, where L1 is the length of parallelepiped in X-direction, and d
is the measurement distance. Refer Figure 7.37. The microphone positions are in
the center of each partial area and at each corner of the partial area (excluding the

corners intruding into reflecting planes).

N2 Number of subdivisions in Y-direction (Figure 7.38). Select the value of N2 such that
the length of the rectangular partial area formed by these subdivisions satisfies the
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Figure 7.38: 1SO3744 - Parallelepiped measurement surface with microphone positions.



7.2 Outputs 243

criterion: % < 3d, where L2 is the length of parallelepiped in Y-direction, and d
is the measurement distance. Refer Figure 7.37. The microphone positions are in
the center of each partial area and at each corner of the partial area (excluding the

corners intruding into reflecting planes).

N3 Number of subdivisions in Z-direction (Figure 7.38). Select the value of N3 such that

the length of the rectangular partial area formed by these subdivisions satisfies the
criterion: % < 3d, where L3 is the length of parallelepiped in Z-direction, and d
is the measurement distance. Refer Figure 7.37. The microphone positions are in
the center of each partial area and at each corner of the partial area (excluding the

corners intruding into reflecting planes).

Parallelepiped against wall Use this measurement surface when the source under test is
placed on a floor against a wall. Figure 7.39 shows a parallelepiped measurement sur-
face whose sides are parallel to those of the reference box. Click on the Suggest button
to auto fill the measurement surface variables in agreement with the standard. Verify the
input you have entered by clicking on the Check button. Coustyx checks to see if the input
variables satisfy the standard requirements. If the standard requirements are not met, a
message window pops up to help you make appropriate corrections.

X-Axis Specify the orientation of the X-axis here. See Figure 7.39 for definition.
Y-Axis Specify the orientation of the Y-axis here. See Figure 7.39 for definition.

Cornerl Specify Cornerl of the parallelepiped surface here. See Figure 7.39 for definition.
The parallelepiped is constructed using Cornerl as the starting point and L1, L2, L3
as its dimensions along X, Y, Z-axis respectively.

L1 Length of the parallelepiped in X-direction (Figure 7.39). Specify the value of L1 such
that it satisfies the definition, L1 = [1 + d, where [1 is the reference box dimension in
X-direction, and d is the measurement distance. The recommended value for d = 1 m.

L2 Length of the parallelepiped in Y-direction (Figure 7.39). Specify the value of L2 such
that it satisfies the definition, L2 = [24 2d, where [2 is the reference box dimension in
Y-direction, and d is the measurement distance. The recommended value for d = 1m.

L3 Length of the parallelepiped in Z-direction (Figure 7.39). Specify the value of L3 such
that it satisfies the definition, L3 = I3 4+ d, where [3 is the reference box dimension in
Z-direction, and d is the measurement distance. The recommended value for d = 1m.

N1 Number of subdivisions in X-direction (Figure 7.39). Select the value of N1 such that

the length of the rectangular partial area formed by these subdivisions satisfies the
criterion: % < 3d, where L1 is the length of parallelepiped in X-direction, and d

is the measurement distance. Refer Figure 7.37. The microphone positions are in
the center of each partial area and at each corner of the partial area (excluding the
corners intruding into reflecting planes).

N2 Number of subdivisions in Y-direction (Figure 7.39). Select the value of N2 such that

the length of the rectangular partial area formed by these subdivisions satisfies the

criterion: % < 3d, where L2 is the length of parallelepiped in Y-direction, and d

is the measurement distance. Refer Figure 7.37. The microphone positions are in
the center of each partial area and at each corner of the partial area (excluding the

corners intruding into reflecting planes).
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N3 Number of subdivisions in Z-direction (Figure 7.39). Select the value of N3 such that
the length of the rectangular partial area formed by these subdivisions satisfies the
criterion: % < 3d, where L3 is the length of parallelepiped in Z-direction, and d
is the measurement distance. Refer Figure 7.37. The microphone positions are in
the center of each partial area and at each corner of the partial area (excluding the

corners intruding into reflecting planes).
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Figure 7.39: ISO3744 - Parallelepiped measurement surface with microphone positions for a
source placed on the floor against a wall.

Parallelepiped against corner Use this measurement surface when the source under test is
placed on a floor against two walls. Figure 7.40 shows a parallelepiped measurement surface
whose sides are parallel to those of the reference box. Click on the Suggest button to auto
fill the measurement surface variables in agreement with the standard. Verify the input
you have entered by clicking on the Check button. Coustyr checks to see if the input
variables satisfy the standard requirements. If the standard requirements are not met, a
message window pops up to help you make appropriate corrections.

X-Axis Specify the orientation of the X-axis here. See Figure 7.40 for definition.
Y-Axis Specify the orientation of the Y-axis here. See Figure 7.40 for definition.

Cornerl Specify Cornerl of the parallelepiped surface here. See Figure 7.40 for definition.
The parallelepiped is constructed using Cornerl as the starting point and L1, L2, L3
as its dimensions along X, Y, Z-axis respectively.
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Figure 7.40: ISO3744 - Parallelepiped measurement surface with microphone positions for a
source placed on the floor against two walls.



246 Analysis Sequences

L1 Length of the parallelepiped in X-direction (Figure 7.40). Specify the value of L1 such
that it satisfies the definition, L1 = [1 + d, where [1 is the reference box dimension in
X-direction, and d is the measurement distance. The recommended value for d = 1 m.

L2 Length of the parallelepiped in Y-direction (Figure 7.40). Specify the value of L2 such
that it satisfies the definition, L2 = [2+ 2d, where [2 is the reference box dimension in
Y-direction, and d is the measurement distance. The recommended value for d = 1 m.

L3 Length of the parallelepiped in Z-direction (Figure 7.40). Specify the value of L3 such
that it satisfies the definition, L3 = (3 + d, where [3 is the reference box dimension in
Z-direction, and d is the measurement distance. The recommended value for d = 1 m.

N1 Number of subdivisions in X-direction (Figure 7.40). Select the value of N1 such that

the length of the rectangular partial area formed by these subdivisions satisfies the
criterion: % < 3d, where L1 is the length of parallelepiped in X-direction, and d
is the measurement distance. Refer Figure 7.37. The microphone positions are in
the center of each partial area and at each corner of the partial area (excluding the

corners intruding into reflecting planes).

N2 Number of subdivisions in Y-direction (Figure 7.40). Select the value of N2 such that
the length of the rectangular partial area formed by these subdivisions satisfies the
criterion: % < 3d, where L2 is the length of parallelepiped in Y-direction, and d
is the measurement distance. Refer Figure 7.37. The microphone positions are in
the center of each partial area and at each corner of the partial area (excluding the

corners intruding into reflecting planes).

N3 Number of subdivisions in Z-direction (Figure 7.40). Select the value of N3 such that
the length of the rectangular partial area formed by these subdivisions satisfies the
criterion: % < 3d, where L3 is the length of parallelepiped in Z-direction, and d
is the measurement distance. Refer Figure 7.37. The microphone positions are in
the center of each partial area and at each corner of the partial area (excluding the

corners intruding into reflecting planes).

The sound power level, L,,, from ISO3744 standard is computed as follows:

Ly = L,y¢ + 10logy (5) dB
0

where S is the area of the measurement surface, in square meters; Sy = 1 m?2.

L,y is the weighted surface sound pressure level over the measurement surface in decibels.

N

. 1

Ly = 10logy, (N lE 100~1<LM+W>D dB
i=1

N is the number of microphone positions associated with equal partial areas on the measure-
ment surface.

W is the weight applied by the filter at the frequency of analysis (Figure 7.31).

Ly; is the sound pressure level measured at a microphone position.

p2
Po
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where p; is the root mean square pressure (in Pascals), and py = 2 x 107° Pa.

7.2.4.4. ISO 3745

ISO 3745 is an international standard that specifies methods to determine sound power levels
of noise sources using sound pressure measurements in anechoic or semi-anechoic rooms ([3]).
The sound pressure levels are measured on a measurement surface enveloping the source. This
method produces results that are of precision grade (or grade 1) accuracy. Figure 7.41.

Definitions of some commonly used terms in the standard:

e Measurement surface: A hypothetical surface enveloping the noise source, on which

measurement points are located. For measurements in semi-anechoic rooms the measure-
ment surface terminates on the reflecting plane.

ISO 3745 allows two different measurement surfaces. They are, Sphere, Hemisphere.

Lowest Frequency Specify the lowest frequency of interest in hertz. The measurement sphere
or hemisphere radius is selected based on this value.

Ambient Pressure Specify the barometric pressure during the measurements in Pascals. This
is used to compute environmental corrections to the sound power level value.

Ambient Temperature Specify the air temperature during measurements in degrees Celsius.
This is used to compute environmental corrections to the sound power level value.

Sphere Use sphere measurement surface when you want to simulate measurements taken in
an anechoic room. The definitions of Center, X-Axis, and Y-Axis are similar to that
shown in Figure 7.33. Click on the Suggest button to auto fill the measurement surface
variables in agreement with the standard. Verify the input you have entered by clicking
on the Check button. Coustyx checks to see if the input variables satisfy the standard
requirements. If the standard requirements are not met, a message window pops up to
help you make appropriate corrections.

X-Axis Specify the orientation of the X-axis here. See Figure 7.33 for definition.
Y-Axis Specify the orientation of the Y-axis here. See Figure 7.33 for definition.

Center Specify the center of the sphere surface here. Select the coordinates of the sphere
center to be same as the acoustic center of the source. As the location of the acoustic
center is frequently not known, select the geometric center of the source, instead.

Radius The radius of the sphere surface shall be equal to or greater than any of the
following:
e twice the largest source dimension;
° % of the lowest frequency of interest; and
e 1m.

Microphone Array Choose any of the available types of microphone arrays from the
drop-down menu.
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Figure 7.41: 1SO3745 sound power standard window.



7.2 Outputs 249

Table 7.8: ISO3745 - Coordinates of microphone positions on a sphere ([3]).

Microphone 2 4 =
position
1 -1 0 0.05
2 0.49 | -0.86 | 0.15
3 0.48 | 0.84 | 0.25
4 -0.47 | 0.81 | 0.35
5 -0.45 | -0.77 | 0.45
6 0.84 0 0.55
7 0.38 | 0.66 | 0.65
8 -0.66 0 0.75
9 0.26 | -0.46 | 0.85
10 0.31 0 0.95
11 1 0 -0.05
12 -0.49 | 0.86 | -0.15
13 -0.46 | -0.84 | -0.25
14 0.47 | -0.81 | -0.35
15 0.45 | 0.77 | -0.45
16 -0.84 0 -0.55
17 -0.38 | -0.66 | -0.65
18 0.66 0 -0.75
19 -0.26 | 0.46 | -0.85
20 -0.31 0 -0.95

Fixed Positions Choose this option to specify an array of fixed microphone positions
associated with equal partial areas distributed over the sphere surface.

Number of Probe Positions Choose the number of microphones to be 20 or
40 from the drop-down menu. In general, 20 microphone positions are suf-
ficient. However, when the source has high directivity increase the number
of microphone positions to 40. Table 7.8 lists coordinates of 20 microphone
positions. The additional 20-point array can be obtained by rotating the
original array by 180° about the Z-axis.

Coaxial Circular Paths Figure 7.34 shows coaxial circular paths in parallel planes
traversed by a microphone over the top half of the sphere. Repeat the same for
the bottom half of the sphere with heights chosen symmetrical to the top half
paths. The paths are selected such that the annular area associated with each
path is the same.

Number of Circular Paths Traversed by a Probe Enter the number of cir-
cular paths traversed by a microphone on each half of the sphere.

Meridional Arc Traverses Figure 7.42 shows meridional arc traversed by a micro-
phone. The meridional arc is the path traversed along a semicircular arc about
a horizontal axis through the center of the source. The paths are selected such
that the annular area associated with each path is the same.
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Figure 7.42: ISO3745 - Meridional paths for a moving microphone.
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Number of Probe Traverses Enter the number of microphone traverses at
equal increments of azimuth angle around the source (Figure 7.42). The least
number of microphone traverses is eight.

Figure 7.43: ISO3745 - Spiral path for a moving microphone.

Spiral Path This method uses a traverse along one meridional path and simultane-
ously traverses the microphone through an integral number of circular paths, thus
forming a spiral path around the vertical axis of measurement surface. Figure 7.43
shows spiral path traversed by a microphone. The least number of circular turns
that shall be completed by the microphone is five.

Number of Circular Paths Traversed by a Probe Enter the number of com-
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plete circular turns traversed by a microphone to form the spiral path. (Fig-
ure 7.43). The least number is five.

Hemisphere Use hemisphere measurement surface when you want to simulate measurements
taken in a semi-anechoic room. The definitions of Center, X-Axis, and Y-Axis are simi-
lar to that shown in Figure 7.33. Click on the Suggest button to auto fill the measurement
surface variables in agreement with the standard. Verify the input you have entered by
clicking on the Check button. Coustyzr checks to see if the input variables satisfy the
standard requirements. If the standard requirements are not met, a message window pops
up to help you make appropriate corrections.

X-Axis Specify the orientation of the X-axis here. See Figure 7.33 for definition.
Y-Axis Specify the orientation of the Y-axis here. See Figure 7.33 for definition.

Center Specify the center of the hemisphere surface here. Select the coordinates of the
center by projecting the acoustic center of the sound source on the floor of the semi-
anechoic room. As the location of the acoustic center is frequently not known, select
the geometric center of the source, instead.

Radius The radius of the hemisphere surface shall be equal to or greater than any of the
following:

e twice the largest source dimension or three times the distance of the acoustic
center of the source from the reflecting plane, whichever is larger;

° % of the lowest frequency of interest; and
o 1m.

Microphone Array Choose any of the available types of microphone arrays from the
drop-down menu.

Fixed Positions Choose this option to specify an array of fixed microphone positions
associated with equal partial areas distributed over the hemisphere surface.

Number of Probe Positions Choose the number of microphones to be 20 or
40 from the drop-down menu. In general, 20 microphone positions are suf-
ficient. However, when the source has high directivity increase the number
of microphone positions to 40. Table 7.9 lists coordinates of 20 microphone
positions. The additional 20-point array can be obtained by rotating the
original array by 180° about the Z-axis.

Coaxial Circular Paths Figure 7.34 shows coaxial circular paths in parallel planes
traversed by a microphone over a reflecting plane. The paths are selected such
that the annular area associated with each path is the same.

Number of Circular Paths Traversed by a Probe Enter the number of cir-
cular paths traversed by a microphone on the hemisphere. The least number
is five.

Meridional Arc Traverses Figure 7.42 shows meridional arc traversed by a micro-
phone. The meridional arc is the path traversed along a semicircular arc about
a horizontal axis through the center of the source. The paths are selected such
that the annular area associated with each path is the same.
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Table 7.9: ISO3745 - Coordinates of microphone positions on a hemisphere ([3]).

Microphone
position

z
r

Z
p

1

0 3O Ut = Wi

11
12
13
14
15
16
17
18
19
20

-1
0.5
0.5

-0.49
-0.49
0.96
0.47
-0.93
0.45
0.88
-0.43
-0.41
0.39
0.37
-0.69
-0.32
0.57
-0.24
-0.38
0.11

0.025
0.075
0.125
0.175
0.225
0.275
0.325
0.375
0.425
0.475
0.525
0.575
0.625
0.675
0.725
0.775
0.825
0.875
0.925
0.975
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Number of Probe Traverses Enter the number of microphone traverses at
equal increments of azimuth angle around the source (Figure 7.42). The least
number of microphone traverses is eight.

Spiral Path This method uses a traverse along one meridional path and simultane-
ously traverses the microphone through an integral number of circular paths, thus
forming a spiral path around the vertical axis of measurement surface. Figure 7.43
shows spiral path traversed by a microphone. The least number of circular turns
that shall be completed by the microphone is five.

Number of Circular Paths Traversed by a Probe Enter the number of com-
plete circular turns traversed by a microphone to form the spiral path. (Fig-
ure 7.43). The least number is five.

The sound power level, L,,, from ISO3745 standard is computed as follows:

Ly, = Lyy + 101ogy (5) dB+C1 + C;
0

B 313.15
By 273.15+ 40

B 296.15
Cs = —15log;, |:-BO (27315—1—9>} 4

where S is the area of the measurement surface, in square meters; So = 1 m?; B is the barometric
pressure during measurements, in Pascals; By is the reference barometric pressure, 1.01325 x 10°
Pa; 6 is the air temperature during measurement, in degrees Celsius.

L,y is the weighted surface sound pressure level over the measurement surface in decibels.

N

_ 1

Ly = 101og,, (N lz 100~1<LM+W>D dB
i=1

N is the number of microphone positions associated with equal partial areas on the measure-
ment surface.

W is the weight applied by the filter at the frequency of analysis (Figure 7.31).

L,; is the sound pressure level measured at a microphone position.

C1 = —10log, dB

p?
Ly = 10logyq <12> dB
0]

where p; is the root mean square pressure (in Pascals), and pg = 2 x 1075 Pa.

7.2.4.5. ISO 9614-1

ISO9614-1 is an international standard that specifies a method for determining the sound
power level of a noise source by measuring the component of sound intensity normal to a mea-
surement surface enveloping the source. Figure 7.44.

Definitions of some commonly used terms in the standard:
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Figure 7.44: ISO9614-1 sound power standard window.



256 Analysis Sequences

e Measurement surface: A hypothetical surface enveloping the noise source, on which
measurement points are located. The measurement surface terminates on the reflecting
plane.

Two different measurement surfaces choices are provided. They are, Hemisphere, and
Parallelepiped.

Grade of Accuracy Specify the grade of accuracy by choosing from the following options
in the drop-down menu: Precision grade (Grade 1), Engineering grade (Grade 2), and
Survey grade (Grade 3). This information is used to verify the adequacy of the chosen
array of measurement positions and the dimensions of the measurement surface at the end
of computations. If the measurement surface dimension(s) or the number of microphone
positions are found inadequate appropriate log messages will be displayed. Make necessary
modifications and redo the sound power level calculations to achieve the required accuracy.

Hemisphere Refer to Figure 7.33 for the definitions of Center, X-Axis, and Y-Axis for a
hemisphere surface used in ISO9614-1 standard. Click on the Suggest button to auto fill
the measurement surface variables in agreement with the standard. Verify the input you
have entered by clicking on the Check button. Coustyx checks to see if the input variables
satisfy the standard requirements. If the standard requirements are not met, a message
window pops up to help you make appropriate corrections.

X-Axis Specify the orientation of the X-axis here. See Figure 7.33 for definition.
Y-Axis Specify the orientation of the Y-axis here. See Figure 7.33 for definition.

Center Specify the center of the hemisphere surface here. Select the coordinates of the
center by projecting the acoustic center of the sound source on the reflecting plane.
As the location of the acoustic center is frequently not known, select the geometric
center of the source, instead.

Radius The radius of the hemisphere surface shall be equal to or greater than any of the
following:

e twice the largest source dimension or three times the distance of the acoustic
center of the source from the reflecting plane, whichever is larger; and

e Im.

Number of Probes Enter the number of probe positions, N, to be distributed on the
surface of the hemisphere. Select N = 2n?, where n is an integer. The hemisphere
surface is divided into n divisions along 6 direction, and 2n divisions along ¢ direction.
Note: 6 is the angle made by a point on the hemisphere with the Z-axis, and ¢ is the
angle made with X-axis by the projection of the point on the X-Y plane. Probes are
placed at the center of each of the partial areas formed with these divisions.

Parallelepiped Figure 7.45 shows a parallelepiped measurement surface whose sides are par-
allel to those of the surface of the source. Click on the Suggest button to auto fill the
measurement surface variables in agreement with the standard. Verify the input you have
entered by clicking on the Check button. Coustyz checks to see if the input variables
satisfy the standard requirements. If the standard requirements are not met, a message
window pops up to help you make appropriate corrections.
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Figure 7.45: ISO9614-1 - Parallelepiped measurement surface with probe positions.
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X-Axis Specify the orientation of the X-axis here. See Figure 7.45 for definition.
Y-Axis Specify the orientation of the Y-axis here. See Figure 7.45 for definition.

Cornerl Specify Cornerl of the parallelepiped surface here. See Figure 7.45 for definition.
The parallelepiped is constructed using Cornerl as the starting point and L1, L2, L3
as its dimensions along X, Y, Z-axis respectively.

L1 Length of the parallelepiped in X-direction (Figure 7.45). Specify the value of L1 such
that it satisfies the definition, L1 = [1+ 2d, where [1 is the reference box dimension in
X-direction, and d is the measurement distance. The recommended value for d = 1 m.

L2 Length of the parallelepiped in Y-direction (Figure 7.45). Specify the value of L2 such
that it satisfies the definition, L2 = [2+ 2d, where [2 is the reference box dimension in
Y-direction, and d is the measurement distance. The recommended value for d = 1 m.

L3 Length of the parallelepiped in Z-direction (Figure 7.45). Specify the value of L3 such
that it satisfies the definition, L3 = (3 + d, where [3 is the reference box dimension in
Z-direction, and d is the measurement distance. The recommended value for d = 1m.

N1 Number of subdivisions in X-direction (Figure 7.45). Select the values of N1, N2, N3
such that there is a minimum of one probe position per square metre, and a minimum
of 10 positions distributed as uniformly as possible (according to segment area) over
the measurement surface.

N2 Number of subdivisions in Y-direction (Figure 7.45). Select the values of N1, N2, N3
such that there is a minimum of one probe position per square metre, and a minimum
of 10 positions distributed as uniformly as possible (according to segment area) over
the measurement surface.

N3 Number of subdivisions in Z-direction (Figure 7.45). Select the values of N1, N2, N3
such that there is a minimum of one probe position per square metre, and a minimum
of 10 positions distributed as uniformly as possible (according to segment area) over
the measurement surface.

The sound power level, L,,, from ISO9614-1 standard is computed as follows:

N P,
Ly = 101log, <Z Pg) dB+ W

=1

where Py = 107'2 is the reference sound power; N is the total number of measurement positions
and segments; W is the weight applied by the filter at the frequency of analysis (Figure 7.31);
P; is the partial sound power for segment ¢, that is,

P =1,,;S;

where I,; is the signed magnitude of the normal sound intensity component measured at
position 7 on the measurement surface; .S; is the area of segment 1.
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7.2.5. Sound Power

Coustyzr automatically creates an ASCII data file entitled power.dat while running an analysis.
This file contains acoustic sound power values computed at each analysis frequency. It has five
columns. The first column contains analysis frequencies in ‘Hertz’. The second and third columns
contain the radiated (active) sound power and the reactive sound power respectively. The input
power is in the fourth column with the same unit. The units of power are consistent with
the material properties - sound speed, and ambient density. The final column consists of the
radiation efficiency.

The sound power W through an area S is given by,

W:/MS (7.1)

where I = PV is instantaneous sound intensity in the direction of particle velocity V; and P is
the instantaneous pressure at that point. For more details on the definition of sound intensity
refer to Section 7.2.5.1.
Acoustic sound power definitions in Coustyz.
Radiated (Active) Sound Power Radiated (Active) sound power is the rate at which acous-
tic energy is radiated from a source. It is computed from the mean active acoustic intensity
I, (refer to Equation 7.11) over a surface S, that is,

1%:/@& (7.2)

Reactive Sound Power Reactive sound power is a measure of the acoustic energy which keeps
transforming back and forth between potential and kinetic energies. The reactive sound
power is computed from the amplitude of the reactive sound intensity I, (refer to Equa-
tion 7.12) over a surface area S, that is,

I%:/Lﬁ (7.3)

Note that the reactive sound power values in Coustyz are computed at the surface of a
structure.

Input Sound Power The input power for a closed surface S is defined as,

W = %poc/vzdS (7.4)

where p, is the medium density, c is the speed of sound in the medium, v,, is the particle
normal velocity at the structure surface. The input sound power is used to estimate the
radiation efficiency of a structure.

Radiation Efficiency Radiation efficiency is a useful measure to understand the radiation
characteristics of structures. It is defined as the ratio of the radiated (active) sound power
to the input sound power, that is,

(7.5)
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7.2.5.1. Complex Intensity

This section provides a concrete definition of complex sound intensity and the meaning of the
real part and imaginary parts. The derivation follows Fahy [4], with appropriate modifications
to account for our convention for harmonic variation, namely exp(—iwt).

Let P(z,t) and V(z,t) represent the instantaneous sound pressure, and acoustic particle
velocity (in a certain direction) at the location x. They are given as

P(z,t) = Re[p(x) exp(i¢p) exp(—iwt)] = p(x) cos(¢p — wt) = pr(x) coswt + p;(z) sinwt  (7.6)

V(z,t) = Re[v(z) exp(idy) exp(—iwt)] = v(x) cos(¢y, — wt) = v, (x) coswt + v; () sinwt  (7.7)

The instantaneous sound intensity is the product of sound pressure and acoustic particle
velocity at a point and is given as follows:

I(x,t) = P(x,t)-V(x,t)

p(x)v() cos(¢, — wt) cos(@y — wt)

%@(@2 cos(¢p — wt) cos(py, — wt)

%”(m) [cos(¢p — wt + ¢, — wt) + cos(¢p — Py)]

) [oo8(2¢, — 2wt — ) + cos b, ]

= PR feog(3(, — wt)) cos b + Sn(2(d, — 1)) sin g + cos 6,

_ palu)eoste [ 4 os(2(g, — wt))] + PELESG: Gro(h — o)
p,,(z)v,,-(m);-m(w)”i(w) 1+ cos(2(p — wt))] + Pi(w)v,,‘(w)gpr(a:)vi(w) sin(2(¢p — wt))

(7.8)

The complex exponential representation of sound intensity is given as

I(z,t) = Re {é(m) [1+ exp(—2i(—wt + (bp))]}
ge {(Cr(z) +iCs(2)) [1 + cos(2(¢p — wt)) — i sin(2(dp — wt))]} (7.9)

(x) [; + cos(2(¢p, — wt))] + Ci(z) sin(2(¢, — wt))

The real part of C(z) is C,.(x) and represents the mean active intensity. The imaginary part
of C(x) is C;(x) represents the amplitude of the reactive intensity.

Cz) = Cp(x)+iCi(x)
I, (z) +il.(x)

Comparing Equation 7.8 with Equation 7.9, we get the expressions for mean active intensity
I,(z) and amplitude of reactive intensity as follows:

(7.10)

pr(x)vr(x) + pi(2)vi(z)
2

L(z) = Cy(x) = = JRe(p(a)i" (1) (7.11)

I (@) = Ci(e) = PO —PeO0E) _ L 5y o) (7.12)
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where p(r) = p.(2) + ip; and 9(z) = v.(2) + iv;.
The complex intensity C'(z) is given as

C(z) = 5p(x)v"(x) (7.13)

7.3. Script

The window Script shows the script used by Coustyz to run the analysis. The script is gen-
erated automatically based on the options selected in Solver Controls, Frequency Ranges,
and Outputs windows. A sample script is shown in Figure 7.46. Advanced users can directly
modify the script to suit their needs. Coustyzr syntax is presented in Chapter 8.
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x|
Mame: Innalysis Sequence

Ciescription I Solver Controls I Frequency Ranges I Outputs  Script I
53 1: ;I
54 /{ Resolution of field point mesh
45 var FIELD MEZH RESOLUTICHN=[
=13 1:
57 /{ Coordinates of field point mesh
a5 var FIELD MESH CORNERI=[
59 1:
[]n] /{ Dimensions of field point mesh
6l var FIELD MESH DIMENIIONZ=[
62 1:
63 B function Funi){
64 F tryi{
65 SetOptiontfumThreadsToMax () ;
G SetOptionUseFMM (TRUE) ;
67 SetOptionFMMPrecomputelearFieldMatrices (TRUE) ;
(151 SetOptionFMMMamleve ls (6)
=] SetOptionGMRESPreconditioner ("EEE™) ;
7o SetOptionGMRESConvergenceCriterion ("RESIDULL™) ;
71 SetOptionGHRESMaxFesidual (0.00500000000000) ;
T SetCptionGMRESInitialGuess ("EECITATION WECTOR™) ;
73 SetOptionGMRESNVectorsEryloviubspaceltRestart (10000 ;
T4 JetOptionIntegrationdrderTriangleElem(3) ;
75 SetOptionIntegrationdrderQuadrilateralElem(3)
T BuildModelDataltcructures () ;
77 var EesultsFile=0pen Binary Output File (RESULTS FILE NAME):
=] var PowerFile=0pen Output File (SOUNDFPOWER FILE IMAME) :
79 var iGlassFile=0Open Binary Output File (IGLASS FILE NAME) :
a0 GeneratelGlassHeader (iGlassFile)
&1 rvar nTotalFreg3teps=11:
a2 rar nRanges=:z:
83 Out Binary Integer(iGlassFile, Eval(nTotalFregliteps)|):
sS4 H for (var irange=1;irange<=nRanges;irange=irange+1)
&5 | var Freg=FREQUENCY RANGE START[irange]:
S5 H for (var ifreq=1;ifreq<=FREQUENCY RANGE NFREQS[irange];ifreg=ifreg+1) |
a7 JetFrequency (Freg) ;
[=1=] BuildRHIFMM (™™
&9 var Besidual=SclvelUsing GHRES_FHM(""):
=1n] WritebnalysisResults (ResultsFile):
a1 rar PowerData=ComputeIoundPower ("")
az rar Radiated3oundPower=PowerDatall]:
a3 var InputPower=PowerDatal[3]: =
a4 rvrar RadiationEfficiency=FowerDatal[4]:
a5 rar JtringFowver=FormatFloat ("% 1E",Eval (Fregquency) ) :
=1 StringPover=53tringPowver+" "+FormatFloat ("% 1E", BadiatedSoundPower)
a7 StringPover=53tringPowver+" "+FormatFloat ("% 1E", InputFower)
as StringPover=53tringPover+” "+FormatFloat ("% 1E", RadiationEfficiency) :
a9 Out To File (FowerFile ,EBval(3tringPower)):

1nn GenerateTGlasahata (iG1lassFilel hd
« [ _»FI
oK | Caniel |

Figure 7.46: Analysis script.
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Chapter 8

Language Syntax

A user provides input and instructions to Coustyr through a special programming language.
This user interaction language consists of comments, constants, variables, function calls, arrays,
expressions, and statements.

8.1. Comments

Single line comments are started by the characters ‘//” Multiple line comments are started
with a ‘/*” and terminated by a ‘*/’
x=x+2; // This is a single line comment

x=x+2; /* This is a multiple
line comment */

8.2. Constants

Three type of constants are accepted: Numeric, Boolean, and string constants. Numeric
constants follow the same conventions as in FORTRAN. All constants are treated internally as
double precision floating point values, regardless of the format in which the user specifies them.
Some examples of numeric constants are:

0 1.0 0.123e-20 .123 34324.

Only two Boolean constants exist:
TRUE, FALSE
String constants consist of a sequence of ASCII characters enclosed in double quotes:

"This is a string"
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Strings may also contain certain escape sequences:
"This is a tab:\t and a newline:\n"

The escape sequences that are available are:
"\b" : Backspace

"\t": Tab

"\n": Newline

"\r": Carriage return

8.2.1. Built-in Constants

Some of the built-in constants in Coustyz are listed below.
PI = 3.14159265359.

i = imaginary unit. For example, a complex number can be represented as 3 + 4 * i.
el, e2 and e3 are the coordinate directions.

Origin = It is the coordinate origin which must be added to all position vectors. For example,
a position vector is represented as Origin + 2 x el 4+ 3 x e2 + 5 x e3.

8.3. Variables

Variables are referred to by their names. Variable names may be of any length, but only the
first 128 characters are considered significant. The names are case sensitive, must begin with an
alphabet or and underscore symbol, and all the following characters may be alphabets, numerals
or underscores. Examples of valid variable names:

Transmission_Error
Output_Torque
Planet_1

All variables must be declared before they can be used. A few variables are pre-defined, and do
not need to be declared. Many of these are 'Read-only’, which means that their value cannot be
changed.

8.3.1. Predefined Variables

Some of the predefined variables in Coustyz are listed below. These variables can be directly
used in Coustyz scripts.
Frequency Analysis frequency in hertz. The value could be set by the function call SetFrequency (freq).

AngularFreq Analysis frequency in radians per sec. The value could be set by the function
call SetAngularFreq(afreq).
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SoundSpeed Speed of sound set by material properties.
AmbientDensity Density of the acoustic fluid medium set by material properties.

WaveNumber Wavenumber, k = AngularFreq/SoundSpeed.

8.4. Function Calls

Functions are called by invoking their name and supplying arguments in parentheses. Func-
tions may be pre-defined, or defined by the user. Examples of function calls:
sin(Theta) 1n(x) exp(y) Clear()
Set_Window(0,1,0,.75) Set_Viewport(0,1,0,.75)
PartialDiff (Time"2+0.1*Time,Time)

Parentheses are mandatory, even if no arguments are passed to the function.

8.5. Expressions:

Expressions may be formed by using constants, variables, function calls and the following
symbols: Arithmentic Operators:
+ :Addition or string concatenation
- :Subtraction
* :Multiplication
/ :Division
= :To the power of
Parentheses:
( :Open parenthesis
) :Close parenthesis
Relational operators (RELOPS):
> :Greater than

< :Less than
==: Equal to
<=: Less than or equal to

>= :Greater than or equal to

1= :Not equal to

Boolean operators:

& :Boolean AND operator

| :Boolean OR operator

! :Boolean NOT operator

Array operators:

[ :Start of an array list or array element extractor
] :End an array list or array element extractor
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, :Separator for array list and argument list elements
Examples:

1+2

1.0092%Pi

[0,1,x°2,3/Pi]

Translate(0.001xe1-0.002*e2)*Rotate (Time*Omega,e3)
[Sin(Theta),Cos(Theta),0]
Body_Frame_Reaction_Vector (Sun_Body) [6]

el[2]

([0,1,2,3,4,5,61) [2]

Note: [0,1,2,3,4,5,6][2] is not valid!

Transfm_Matrix[1] [2]
(LL[0,1],
(0,111,
01) [1]1 [2] [1]
[[1,0,0,0],
[0,1,0,0],
[0,0,1,0]1,
[0,0,0,1]]

8.6. Statements

All simple statements are terminated by a semi-colon. The statement is not processed until
the semicolon is entered. A statement does not have to be contained entirely in one line.

8.6.1. Declaration Statement

The first type of statement is a declaration statement. It simply declares one or more vari-
ables for later use. If a variable is used without being formally declared, an error is generated.
Examples:
var x;
var x,y,Z;

8.6.2. Expression Statement

The second type of statement is an expression followed by a semicolon:
Set_Surface_Pairs(

[Conformal, [CrankCase_Body ,"InnerSeal"],
[OrbitingScroll_Body, "PressureSurface"],
Friction_Coeff,Separation_Tolerance_Conf,
1,1,x1,x2,x3,Fixed_Frame
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1,

[Conformal, [CrankCase_Body ,"OuterSeal"],
[OrbitingScroll_Body, "PressureSurface"],
Friction_Coeff,Separation_Tolerance_Conf,
1,1,x1,x2,x3,Fixed_Frame

]

8.6.3. Assignment Statement

The next type of statement is an assignment:
Symbolic assignment:
Planet_3_Runout_Error:=0.001*%e1+0.00003*e2;

Evaluated assignment:

Planet_1_Runout_Error =0.001%el1+0.00003*e2;

8.6.4. Declaration with Assignment

A value can be assigned to a variable at the same time that it is being declared:
var x=1,y,z=3;

Arrays are allocated using the 'Dim()’ function:

var x=Dim(20);
var x=Dim(3,5);

8.6.5. Compound Statement

A compound statement is formed by enclosing a sequence of zero or more statements in braces.
Each of these statements may be a simple statement or a compound statement. Examples:

{}
{333
{Out ("Hello") ;Out ("World") ;}

{
var x=1;
var y=2;
Out (x+y) ;
Out (Eval(x+y));
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8.6.6. Symbolic Form and Evaluation of Expressions

Expressions are manipulated by Coustyz in symbolic form unless it is explicitly told to
evaluate them. Example:

var y:=1.0;
var x:=2%y+3;
Qut ("x=",x);
Output:

X=X

Example

var y:=1.0;

var x:=2%y+3;
Out ("x=",Eval(x));

Output:
x=5

The subsitute function Subst() can be used to substitute a variable by the symbolic expression
it contains. Example:

var y:=1.0;
var x:=y;
Out ("x=",Subst (x));

Output:
x=y
Example:

var y:=1.0;
var x:=2*y+3;
Out ("x=",Subst(x));

Output:
x=((2*y)+3)

Evaluation of an expression can also be caused by using the = assignment operator instead of
the := assignment operator. In that case, evaluation of the expression on the right hand side
takes place before it is assigned to variable on the left hand side. Example:

var y:=1.0;
var x=2*y+3;
Out ("x=",Subst(x));
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Output:
x=5
Example:

var y:=1.0;
var x:=y;
Out ("x=",Subst (Subst(x)));

Output:
xX=y
The Subst() function does nothing if its’ argument is not a simple variable. Example:

var y:=1.0;
var x:= 2%y+3;
Out ("x=",Subst (Subst(x)));

Output:
x=((2%y)+3)

Circular definitions could occur, in which case evaluation will create a runtime error. Exam-
ple:

var y;
var x:=2%y+3;
yi1=2%Xx;
Out("x=",Eval(x));

Output:

The variable: x has been
defined in terms of itself.

8.6.7. if Statement

An if statement comes in two forms:
if ( <exp> ) <statement>

and
if (<exp>) <statement> else <statement>

Here <exp> is a Boolean valued expression and <statement> is any simple or compound state-
ment. Examples:
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if (i==10) Out("Value(10)=",Eval(val[10]));

i£(3>2) {
x[j1=x[j-1];
}

if (§>2) {
x[j1=x[j-1];

} else {
x[j1=1.0;

}

The second form of the if statement can lead to an ambiguity:

var j=3;
if (j>2) if(j==10) Out("0K"); else Out("Not OK");

The ambiguity is resolved by binding the else part to the innermost if part. So the above
statement is equivalent to:

var j=3;
if (§>2) {
if (j==10) {
Out ("0K") ;
} else {
Out ("Not OK");
}
}

In such a situation, it is recommended that braces be used to explicitly resolve the ambiguity.

8.6.8. for Statement

The for statement takes the following form:
for ( <assign_decl_exp> ; <exp> ; <assign_exp> ) <statement>

Here <assign decl_exp> is either a simple expression, or a declaration (with or without an
assignment). It is executed once at the beginning of the for loop. <exp> is any simple Boolean
valued expression. It is executed before each iteration. If it evaluates to TRUE, then the simple or
compound statement in <statement> is executed, otherwise the loop terminates. <assign_exp>
is an expression with or without an assignment. It is executed at the end of each iteration. It is
usually used to increment some counter. Example:

var i,x=Dim(10);
for(i=1;i<=10;i=i+1) x[i]=0.0;
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It is preferable to declare the loop variable inside the for statement as shown below. This limits
the visibility of the variable to the <statement> part of the for statement. If this variable is
referred to anywhere else in the program, an error will be generated.

var x=Dim(10);
for(var i=1;i<=10;i=i+1) x[i]=0.0;

var i;

function Initialize(){
i=1;

}

function Done(){
return i>=10;

}

function Increment(){
i=i+1;

}

function DoSomething(){
Qut("Hi ",Eval(i));

}

for(Initialize();!'Done() ;Increment()) {
DoSomething () ;

}

8.6.9. while Statement

The while statement is a simpler alternative to the for statement:
while ( <exp> ) <statement>

<exp> is a Boolean valued expression, and <statement> is a simple or compound statement.
The expression <exp> is evaluated first. If its value is TRUE, then <statement> is executed.
Otherwise the while statement is terminated. This process is repeated until <exp> evaluates to
FALSE.

var i;

function Done(){
return i>=10;

}

function Increment(){
i=i+1;

}

function DoSomething(){
Qut("Hi ",Eval(i));
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}

i=1;

while(!Done()) {
DoSomething() ;
Increment();

}

8.6.10. do-while Statement

The do-while statement is similar to the while statement except that it evaluates its condi-
tional expression after executing its statement.
do <statement> while ( <exp> ) ;

First <statement> is executed. Then the Boolean valued expression in <exp> is evaluated. If
it evaluates to FALSE, the do-while statement is terminated. otherwise the process is repeated.
Hence the do-while statement always executes its body at least once.

var i;

function Done(){
return i>=10;

}

function Increment(){
i=i+1;

}

function DoSomething(){
Out ("Hi ",Eval(i));

}

i=1;

do {
DoSomething () ;
Increment();

} while (!Done());

8.6.11. break Statement

The break statement is used to exit out of the innermost loop in a for, while, do-while or
switch statement.
Example
var i;
function Initialize(){
i=1;
}

function Done(){
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return i>=10;

}

function Increment(){
i=i+1;

}

function DoSomething(){
OQut("Hi ",Eval(i));

}

for(Initialize();!Done() ;Increment()) {
if (i==5) break;
DoSomething () ;

}

Out("I’m done.");

Output:

Hi
Hi
Hi
Hi
I’m done.

S wWw N -

8.6.12. continue Statement

The continue statement is used to jump to the end of the loop in a for, while or do-while

statement.
Example

var i;

function Initialize(){
i=1;

}

function Done(){
return i>=10;

}

function Increment(){
i=i+1;

}

function DoSomething(){
Qut("Hi ",Eval(i));

}

for(Initialize();!'Done() ;Increment()) {
if (i==5) continue;
DoSomething() ;

}

Out("I’m done.");
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8.6.13. switch Statement

The switch statement is used to selectively execute a part of a compound statement. It
takes the form:
switch ( <exp> ) <compound_stmt>

The simple expression <exp> is evaluated first. The value of this expression is then compared
with the values of expressions in case statements that occur in the compound statement. A case
statement is of the form:

case <exp> : <statement>

If the value matches that of a particular case, then execution jumps to the statement part of
that case.

var x=2;
switch(x) {
case 1:
Out ("One");
break;
case 2:
Out ("Two");
break;
case 3:
Out ("Three");
break;

3

Otherwise, execution jumps to a default statement, which is of the form:

default : <statement>
var x=4;

switch(x) {

case 1:
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Out ("One");
break;
case 2:
Out ("Two") ;
break;
case 3:
Out ("Three");
break;
default:
Out ("Unknown") ;
}

If the expression does not match that of any case, and no default statement is found in the
compound statement, then a runtime error is generated. Example:

for(var month=1; month <=12; month =month+1) {

var quarter;

switch(month) {

case 1:

case 2:

case 3:
quarter="Winter";
break;

case 4:

case b5:

case 6:
quarter="Spring";
break;

case T:

case 8:

case 9:
quarter="Summer";
break;

case 10:

case 11:

case 12:
quarter="Fall";
break;

default:
quarter="Invalid";

}

Out ("Month:",Eval (month),", Quarter=",Eval(quarter));

Output:

Month:1, Quarter=Winter
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Month:2, Quarter=Winter
Month:3, Quarter=Winter
Month:4, Quarter=Spring
Month:5, Quarter=Spring
Month:6, Quarter=Spring
Month:7, Quarter=Summer
Month:8, Quarter=Summer
Month:9, Quarter=Summer
Month:10, Quarter=Fall

Month:11, Quarter=Fall

Month:12, Quarter=Fall

8.6.14. Variable Scope (Visibility) Rules

A variable may be declared using a declaration statement anywhere in a program. A variable
that is declared within a compound statement is visible to all subsequent statements within
that compound statement. It is not visible to statements that precede the declaration, or to
statements that are outside of the compound statement.

// The variable x is not visible to statements here.

{
// The variable x is not visible to statements here.
var x;
// the variable x is visible to all statements here.
}

// The variable x is not visible to statements here.

A variable can be declared only once in a compound statement.

{
var x=1;
var x=2; //This will generate an Error!
OQut ("x=",Eval(x));

}

However, it is possible that a variable with the same name might have been declared in an outer
context. In such a case, the variable declared in the innermost context is the only one visible.

var x=1;
{

var x=2;
Qut("x is = ",Eval(x));
}

Output:

X is = 2
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Variables declared in the initialization part of a for statement will be visible only within the
for statement:

var y=Dim(10) ;
for(var j=1;j<=10;j=j+1) {
var k=11-j
yLkl=j*j;
}
j=10; //This an Error. j is not visible here.
k=1; // This is also an Error.

It is good programming practice to limit the scope of variables to as small a part of the code as
possible. For example, in the following piece of code, a programming error will cause an infinite
loop that is difficult to debug. No error message is generated because there is no syntax error:

var x1=Dim(10);
var x2=Dim(20);

var i1,i2;

for(il=1;i1<=10;il1=i1+1) {
x1[i1]=1.0;

}

for(i2=1;i2<=20;i1=i2+1) {
x2[i2]=1.0;

}

But if the scope of the loop variables had been limited, as in the following piece of code, then
the problem would be caught right away, and an error message will be generated:

var x1=Dim(10);
var x2=Dim(20);

for(var i1=1;i1<=10;i1=i1+1) {
x1[i1]=1.0;

}

for(var i2=1;i2<=20;i1=i2+1) {
x2[i2]=1.0;

}

8.6.15. Function Definition

Functions may be defined anywhere using a declaration of the form:
function IDENTIFIER ( <parameterlist> ) <statement>

The identifier IDENTIFIER is the name assigned to the function. <statement> is a simple
or compound statement that forms the body of the function. Here <parameterlist> is a list
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of zero or more parameter declarations separated by commas. Each parameter may be an in
parameter, an out parameter, or an inout parameter. Accordingly, the parameter declarations
are of the form:

in IDENTIFIER
out IDENTIFIER
inout IDENTIFIER

Here IDENTIFIER is the name of the parameter. The value of an in parameter cannot be
modified in the body of the function. The value of an out variable is initially undefined, and
must be set in the function body. The value of an inout variable is already defined, and may
also be modified in the function body. The return statement is used to transfer control out of a
function. The return statement can optionally return a value to the calling routine. The return
statement is of one of the following two forms:

return ;
return <exp>;

The first form of the return statement returns the value 0, and the second form returns a copy
of the expression <exp> Example:

function Factorial(in n){
if (n==1) {
return 1;
} else {
return Eval(n*Factorial(n-1));
}
}

Out (Factorial(4));
Out (Factorial(5));

Output:

24
120

Example:

function Binary(in n){

if (n==1) {
return "1";

} else if(n==0) {
return "0";

} else {
var nl=int(n/2);
var n2=n-2%*nl;
return Eval(Binary(nl)+Binary(n2));
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}

Out (Binary(3));
Out (Binary(13));
Out (Binary(6876)) ;

Output:

11
1101
1101011011100

Like variables, a function once declared inside a compound statement, is visible to all subse-
quent statements inside that compound statement. It is not visible to statements outside that
compound statement. Example:

// Sample routine to expand the function f into its Taylor series
// of order n, in variable x, about its current value.
function Taylor(in f, in x, in n){
// define a local function:
function Factorial(in n){
if(n==1) {
return 1;
} else {
return Eval (n*Factorial(n-1));
}
}
// The first term of the series:
var lastder:=Subst(f);
var TaylorSeries=f;
for(var i=1;i<=n;i=i+1) {
// Obtain the ith order derivative of f wrt x:
lastder:=TotalDiff (Subst(lastder),Subst(x));
// If this derivative is non-zero at the current value of x:
if (Eval(lastder) !'=0) {
TaylorSeries:=Subst(TaylorSeries)+
Eval (lastder)*(Subst(x)-Eval(x)) Eval(i)/
Factorial(i);
}
}
return Subst(TaylorSeries);

3

var theta=0;

Out (Taylor(sin(theta) ,theta,2));
Out(Taylor(sin(theta) ,theta,4));
Out (Taylor (cos(theta) ,theta,4));
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var t=1;

Out (Taylor(t~0.5,t,3));

Output:

(0+((1x((theta-0)"1))/1))

((0+((1x((theta-0)"1))/1))+((-1*((theta-0)"3))/6))

((1+((-1*%((theta-0)"2))/2))+((1*((theta-0)"4))/24))

(CL+(C0.5x((t-1)"1)) /1)) +
((=0.25%((t-1)"2))/2))+((0.375%((t-1)"3))/6))

Scope of returned values: When a function returns an expression, the expression should not be
dependent on any variable that is not visible to the calling routine.

function g(){
var n=1;
return Eval(n);

3

function £(){
var n=1;
return n;

3

Out(Eval(g())); // This is OK
Out(Eval(£())); // This will generate an error. the
// variable n is not visible here

Functions may be defined in a separate file. The name of the file should be the same as that of
the function, with the extension ’.clx’. Example: Contents of file hex.clx

function hex(in x){
var Table=["Q","1", 2" n3n ngn uwgn ngn nyuw ngn ugn
MAM WBM MCM WDM MEM, nEn ;
if (x<0) throw "Invalid input to hex() routine.";
if (x-int(x)!'=0) throw "non-integer input to hex() routine.";
if (x<16) {
return Eval(Table[x+1]);
} else {
var nil=int(x/16);
var n2=x-16*nl;
return Eval(hex(nl)+hex(n2));
}
}

Input to Coustyzx:

Out (hex(3));
Out (hex(13));
Out (hex (6876)) ;
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Output:

3
D
1ADC

8.6.16. try-catch and throw Statements

The try-catch and throw statements form a exception handling mechanism. They offer an
alternative to goto statements when trying to gracefully recover from an error. A try-catch
statement is of one of the two following forms:

try <statementl> catch () <statement2>
try <statement1> catch ( IDENTIFIER ) <statement2>

The statement <statement1> is executed during the normal course of execution. If while exe-
cuting this part of code, an exception is thrown, then control gets transferred to the statement
<statement2>. The exception may be thrown anywhere inside <statement1>, or even inside
functions called by it. These exceptions are thrown by the throw statement which takes one of
the following two forms:

throw ;
throw <exp> ;

here <exp> is any expression. Just like in the return statement, this expression must not be
dependent on any variables not visible to the routine that will ’catch’ this thrown exception.
When this statement is executed, control is transferred to the <statement2> part of the inner-
most try-catch statement that encloses this throw statement. The IDENTIFIER in the try-catch
statement is assigned the expression <exp>. Example:

function Factorial(in n){
if (n<0) throw "Factorial of negative number attempted.";
if (n>75) throw "Overflow.";
if(n==1) {
return 1;
} else {
return Eval(n*Factorial(n-1));
}
}

try{

Out ("Factorial(4)=",Factorial(4));

Out ("Factorial(5)=",Factorial(5));

Out ("Factorial(4.5)=",Factorial(4.5));
} catch (message) {

Out (Eval("Error:"+message));

}

Output:
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Factorial(4)=24
Factorial(5)=120
Error:Factorial of negative number attempted.

If there is no try-catch statement that can catch an exception, then the exception will be
passed on to Coustyx, which will handle it in the same way it handles its internally generated
error messages. The exception can also be re-thrown after being caught.

try{
Out ("Factorial(4)=",Factorial(4));
Out ("Factorial(5)=",Factorial(5));
OQut ("Factorial(4.5)=",Factorial(4.5));
} catch (message) {
Out (Eval("Error: "+message)) ;
throw(Subst (message)) ;

8.6.17. Statement Label

Any statement can be assigned a label or IDENTIFIER as follows. This label is visible to
all statements contained in the compound statement of which this statement is a part. Unlike
variables and functions, this label is also visible to statements preceding the label, provided they
are contained in the same compound statement. IDENTIFIER : <statement>

8.6.18. Goto Statement

A goto statement transfers control to a statement that has been labeled as shown above. The
goto statement can be used to transfer control to any labeled statement, as long as the label is
visible. However, the goto statement cannot be used to transfer control out of a function body:
goto IDENTIFIER ;

Example:

{
var x=1;
var y=2;
if (x==0) goto exitlabel;
var z=3;
exitlabel:
Out ("Done") ;
}

Example:

{
var x=1;
var y=2;
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if (x==0) goto exitlabel; // This is not correct. The label
// exitlabel is not visible from here.

var z=3;
{

var zl1=2;
exitlabel:

Out ("Done") ;
}

}

Example:

{
var x=1;
{
var y=2;
if(x==0) goto exitlabel; // This is 0K
}
var z=3;
exitlabel:
Out ("Done") ;
}

8.7. End of Input

The input Session is terminated by an end of file marker, or by the special symbol:
End

8.8. Grammar

The syntactical elements of the language are formally specified by the rules described in
Table 8.1 and Table 8.2.

8.9. Regular Functions Syntax

Some of the functions that are stored in symbolic form and can be differentiated are listed
below. You can use these functions in Coustyz scripts.

Sin or sin Obtain sine of an angle. The angle is assumed to be in radians. Example: Sin(7/2)=1.

Cos or cos Obtain cosine of an angle. The angle is assumed to be in radians. Example:
Cos(m)=-1.
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Table 8.1: Coustyx Language Grammar

Non-Terminal Symbol Expansion
€— (empty)
input — € stmt_list_toplevel

stmt_list_toplevel —

compound_stmt —
stmt_list —

statement —

function_defn —
parameter_list —

parameter_list_1 —

parameter —

assign_decl_exp —

decl_list —
identdecl_list —

€
stmt_list_toplevel statement

{ stmt_list }

€

stmt _list statement

assign_decl_exp ;

compound_stmt

function_defn

if ( exp )statement

if (exp )statement else statement

break ;

continue ;

return ;

return exp ;

for ( assign_declexp ; exp ; assign_exp ) statement
while ( exp ) statement

do statement while (exp ) ;

switch (exp ) compound_stmt

case exp : statement

goto IDENTIFIER ;

IDENTIFIER : statement

default : statement

throw ;

throw exp ;

try statement catch () statement

try statement catch ( IDENTIFIER ) statement
function IDENTIFIER ( parameter_list ) statement
€

parameter_list_1

parameter

parameter_list_1 , parameter

in IDENTIFIER

out IDENTIFIER

inout IDENTIFIER

assign_exp

decl_list

var identdecl_list

identdecl_list , identdecl

identdecl
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Non-Terminal Symbol

Table 8.2: Coustyx Language Grammar (contd.)

Expansion

identdecl —

assign_exp —

addr —

exp —
or_list —

and_list —

binary —

relop —

unary —

aoterm —

list —

list_.1 —

IDENTIFIER
IDENTIFIER = exp
IDENTIFIER := exp
€

addr = exp
addr := exp

exp

addr [ exp ]
IDENTIFIER
or_list

or_list | and_list
and_list

and_list & binary
binary

binary relop binary
binary + binary
binary - binary
binary * binary
binary / binary
binary ~ binary
unary

1=

addr

aoterm

[ list ]

+ unary

- unary

! unary
floating_point_constant
string_constant

TRUE

FALSE

aoterm [ exp ]
IDENTIFIER ( list )
(exp)

€

list_1

list_1 ; exp

exp
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Tan or tan Obtain tangent of an angle. The angle is assumed to be in radians. Example:
Tan(7/4)=1.

Asin or asin Obtain the arc sine (inverse function of sine) of a number between -1 and +1.
The output is in radians. Example: Asin(0.707107)=0.785398 (=n/4).

Acos or acos Obtain the arc cosine (inverse function of cosine) of a number between -1 and
+1. The output is in radians. Example: Acos(0.707107)=0.785398 (=m/4).

Atan or atan Obtain the (2-quadrant) arc tangent (inverse function of tangent) of a number.
The output is in radians. Example: Atan(1)=0.785398 (=m/4).

atan2(y,x) Obtain the 4-quadrant arc tangent of the real arguments x and y. —7 < atan2(y, x) <
T

Exp or exp Obtain the exponential of a number. Example: Exp(1)=2.71828 (=el).

Ln or In Obtain logarithm to the base e (natural logarithms). Example: Ln(10)=2.30259,
Lun(exp(1))=1.

int Obtain the integer value of a number. Example: int(4.926)=4, int(-4.926)=4.

abs Obtain the absolute value of a real number or the magnitude of a complex number. Example:
abs(-10.958)=10.958, abs(-3+4*1)=5.

mag2(x,y) Obtains the magnitude /22 + y? for real arguments z and y. Example: mag2(3,-
4)=5.

real, imag Obtain real and imaginary values of a complex number respectively. Example:
real(3+4*1)=3, imag(3+4*i)=4.

8.10. Special Functions Syntax

Given below is the syntax for calling special functions that are available in Coustyz. These
functions are evaluated numerically. Use these functions in Coustyz scripts.

8.10.1. Associated Legendre Function

Plim(l, m1, m2, z, result)
Description:

Computes Associated Legendre functions of degree 1 and order m (not normalized)
Inputs:

integer: 1 - degree

integer: ml - begin order

integer: m2 - end order

double: =z - argument (must be in [-1,1])
Output:



288 Language Syntax

double array: result
result contains Plm(z) for degree 1, and all orders [ml,m2]

plm(l, m1, m2, z, result)

Description:

Computes Associated Legendre functions of degree 1 and order m (normalized)
Inputs:

integer: 1 - degree

integer: ml - begin order

integer: m2 - end order

double: 2z - argument (must be in [-1,1])
Output:

double array: result

result contains plm(z) for degree 1, and all orders [ml,m2]

8.10.2. Legendre Polynomials

LegendreP (maxorder,x,result)
Description:

Computes array of Legendre Polynomials
Inputs:

integer: maxorder - degree of the Legendre Polynomial

A1l degrees from [0,maxorder] will be computed.

double: x - argument to the Legendre Polynomial (must be in [-1,1])
Output:

double array: result

result contains Pn(z) for degrees n in [0,maxorder]

8.10.3. Spherical Harmonic

Ylm(l, m1, m2, theta, phi, result)
Description:
Computes Spherical Harmonics of degree 1 and order m
Inputs:
integer: 1 - degree
integer: ml - begin order
integer: m2 - end order
double: theta - theta in Spherical polar coordinates [0,PI]
double: phi - phi in Spherical polar coordinates [0,2+PI], any branch
is fine.
Output:
complex array: result
result contains Ylm(theta,phi) for degree 1, and all orders [m1,m2]
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8.10.4. Spherical Hankel Function of First Kind

hln(n, nterms, z, result)
Description:

Computes Spherical Hankel function of the first kind and order n, n+l.. n+(nterms-1)
Inputs:

integer: n - order of the Spherical Hankel function

integer: nterms - number of terms to be computed.

A1l orders from [n, n+l, ...n+nterms-1] will be
computed.
complex: z - argument to the Spherical Hankel function

Output:
complex array: result contains hin(z)

8.10.5. Spherical Hankel Function of Second Kind

h2n(n, nterms, z, result)
Description:

Computes Spherical Hankel function of the second kind and order n
Inputs:

integer: n - order of the Spherical Hankel function

integer: nterms - number of terms to be computed.

A1l orders from [n, n+l, ...n+nterms-1] will be
computed.
complex: z - argument to the Spherical Hankel function

Output:
complex array: result contains h2n(z)

8.10.6. Cylindrical Hankel Function of First Kind

Hln(n, nterms, z, result)
Description:
Computes Cylindrical Hankel function of first kind, integer order n
Inputs:
integer: n - order of the Cylindrical Hankel function
For integer n, n can be +ve, 0 or -ve
integer: nterms - number of terms to be computed.
All orders from [n, n+l, ...n+nterms-1] will be
computed.
complex: z - argument to the Cylindrical Hankel function
Output:
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complex array: result contains Hin(z)
Hlnu(n, nterms, z, result)

Description:
Computes Cylindrical Hankel function of first kind, fractional order n
Inputs:
integer: n - order of the Cylindrical Hankel function
For fractional n, n must be +ve
integer: nterms - number of terms to be computed.

A1l orders from [n, n+1, ...n+nterms-1] will be
computed.
complex: z - argument to the Cylindrical Hankel function

Output:
complex array: result contains Hilnu(z)

8.10.7. Cylindrical Hankel Function of Second Kind

H2n(n, nterms, z, result)
Description:
Computes Cylindrical Hankel function of second kind, integer order n
Inputs:
integer: n - order of the Cylindrical Hankel Function
For integer n, n can be +ve, 0 or -ve
integer: nterms - number of terms to be computed.

All orders from [n, n+l, ...n+nterms-1] will be
computed.
complex: z - argument to the Cylindrical Hankel function

Output:
complex array result contains H2n(z)

H2nu(n, nterms, z, result)

Description:
Computes Cylindrical Hankel function of second kind, fractional order n
Inputs:
integer: n - order of the Cylindrical Hankel Function
For fractional n, n must be +ve
integer: nterms - number of terms to be computed.

A1l orders from [n, n+1, ...n+nterms-1] will be
computed.
complex: z - argument to the Cylindrical Hankel function

Output:
complex array result contains H2nu(z)
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8.10.8. Spherical Bessel Function

jn(n, nterms, z, result)
Description:
Computes Spherical Bessel function of order n
Inputs:
integer: n - order of the Spherical Bessel function
integer: nterms - number of terms to be computed.

A1l orders from [n, n+1, ...n+nterms-1] will be
computed.
complex: z - argument to the Spherical Bessel function

Output:
complex array: result contains jn(z)

8.10.9. Cylindrical Bessel Function

Jn(n, nterms, z, result)
Description:
Computes Cylindrical Bessel function of integer order n
Inputs:
integer: n - order of the Cylindrical Bessel function
For integer n, n can be +ve, 0 or -ve
integer: nterms - number of terms to be computed.

A1l orders from [n, n+l, ...n+nterms-1] will be
computed.
complex: z - argument to the Cylindrical Bessel function

Output:
complex array: result contains Jn(z)

Jnu(n, nterms, z, result)

Description:
Computes Cylindrical Bessel function of fractional order n
Inputs:
integer: n - order of the Cylindrical Bessel function
For fractional n, n must be +ve
integer: nterms - number of terms to be computed.

A1l orders from [n, n+1, ...n+nterms-1] will be
computed.
complex: z - argument to the Cylindrical Bessel function

Output:
complex array: result contains Jnu(z)
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Tutorial — Gear Box Radiation

This tutorial is created to outline the steps required to compute radiated noise from a gearbox
housing. Detailed steps are given on how to create and perform acoustic analysis for ‘Multido-
main Model’, and ‘Indirect Model’.

9.1. Introduction

Follow the procedure outlined below for general noise radiation prediction using Coustyx soft-
ware. The two steps involved in the prediction of noise radiated by a gearbox housing are: (a)
determination of housing vibration by experiments or analysis, here we do finite element anal-
ysis; (b) prediction of radiated noise based on the vibration using Coustyx (boundary element
method).

FEA The Finite Element Analysis (FEA) is used to build the mesh and to estimate the struc-
tural vibration, which is used as the input velocity for acoustic analysis in Coustyx.

1. Build a finite element model of the gearbox housing from the geometry. Compute
mode shapes and natural frequencies of the structure from FEA modal analysis.

2. Estimate the forces transmitted to the gearbox housing through bearings or from

other interactions with the components in a gearbox. Transform the forces into the
frequency domain to obtain force amplitudes as a function of frequency.
Generally, the forces on the gearbox housings are from the gear mesh excitation
which are transmitted through the bearings. The time domain bearing loads (forces
and moments) can be computed from a Calyx analysis or any other similar analysis.
The bearing loads can then be transformed into the frequency domain to obtain the
bearing load amplitudes as a function of frequency.

3. Compute the housing structural response at each frequency of analysis using a FEA
software. The gearbox housing frequency response is computed by modal superposi-
tion.

Coustyx Acoustic radiation problem is then solved using Coustyx by importing the FEA struc-
ture mesh and loading the structural response for the gearbox housing.
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1. Build a new Coustyx model by importing the FEA structure mesh.

2. Load the frequency response data from the FEA analysis into the Coustyx model.
This response is used as the velocity boundary condition for the acoustic analysis.

3. Set the Coustyx analysis parameters and run acoustic analysis to compute acoustic
metrics such as radiated sound power, radiation efficiency, pressure levels at field
points, etc., at each frequency.

9.2. Problem Description

The example gearbox housing analyzed in this tutorial is from a gear noise test rig developed
at NASA Lewis Research Center [1]. The details of the gear box are shown in Figure 9.1. The

Figure 9.1: Detail of the NASA Lewis gearbox.

structure is a rectangular box of overall dimensions 0.2794 m x 0.3048 m x 0.29845 m, or 11
inches x 12 inches x 11.75 inches. The top plate is made of 1.588 mm or 1/16-inch aluminum and
the other five surfaces are made of 12.7 mm or 1/2-inch thick steel. Note that all the dimensions
considered in this tutorial are in S.I units. The four corners of the bottom surface are clamped
rigidly to the ground. The housing supports two shafts through bearings, which are mounted on
the four holes in the structure.

To simulate the forces on the gearbox housing transmitted from the gears through shafts
and bearings, an in-plane force F, of unit amplitude in frequency domain is applied to one of
the shafts and an equal but opposite force is applied on the second shaft. The direction y is
assumed to be along the line connecting the centers of the two shafts. The noise radiation from
the resulting housing vibration is computed in the frequency range 100-1000 Hz.
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9.3. Finite Element Analysis

The finite element analysis (FEA) of the gearbox housing is required prior to solving the acoustic
radiation problem for the following reasons:

e The gearbox structure mesh generated in FEA is imported into Coustyx to build the model
to solve the acoustic problem.

e The structural response due to forces on the housing at each frequency in the frequency
domain is loaded into the Coustyx model. These values are used as the input velocity
boundary condition.

Coustyx can read FEA data from NASTRAN, ABAQUS, and ANSYS softwares.

9.3.1. FE Mesh Modeling

In the FE model, plate elements are used to discretize the box surfaces. The shafts are connected
to the housing using rigid elements. A concentrated mass of 10 grams is attached to center of
the top plate to account for the mass of the stinger and the moving part of the shaker.

The FE model used for the structural analysis shown in Figure 9.2 has 974 nodes, 943 quadri-
lateral plate elements, 1 concentrated mass, and 4 rigid elements.

Figure 9.2: FE model of the NASA Lewis gearbox.

The physical properties of the materials used in FEA analysis are given in Table 9.1.

9.3.2. Natural Frequencies and Normal Modes

The natural frequencies and mode shapes are extracted by solving the FE eigenvalue problem
of the gearbox housing. The eigenvectors are normalized with respect to the mass matrix to
get the structure normal modes. Since the top plate is relatively more flexible compared to
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Table 9.1: Physical properties of materials used in FEA.

Material | Elastic Modulus, Pa | Shear Modulus, Pa | Poisson’s Ratio | Density, kg/m?>
Steel 2.034E+11 7.823E+4+10 0.3 7850
Aluminum 7.31E+10 2.748E+10 0.33 2700

the remaining five surfaces, several free vibration mode shapes of the gearbox housing resemble
classic plate modes of the top surface. Mode 1 is a (1,1) mode of the top plate. Similarly Mode 2
is a (1,2) plate mode, Mode 3 is a (2,1) plate mode, Mode 4 is a (2,2) plate mode and Mode 5
is a (1,3) plate mode respectively. In a (m,n) plate mode m and n represent the number of
half-wave lengths along the x and y directions respectively.

Table 9.2: Gearbox natural frequencies from FEA.

Mode Number | Frequency, Hz
1 157
2 329
3 366
4 505
5 543
6 647
7 741
8 760
9 789

10 797
11 829
12 907
13 936
14 962

Table 9.2 lists some of the natural frequencies of the gearbox housing. The first five modes
are purely classical modes of the top plate. For some of the higher modes, the side and the
bottom surfaces of the gearbox undergo deformation as well. Figure 9.3 shows the first five free
vibration modes of the gearbox housing.

9.3.3. Forced Response - Modal Superposition

Forced response analysis is performed using modal superposition in the frequency range of 100—
1000 Hz. In modal superposition, FEA computes the modal basis and a subset of the computed
modes are used to compute the forced response via superposition.

The loads applied on the housing are: an in-plane force of unit amplitude in frequency domain
is applied in +y direction to one of the shafts and an equal but opposite force is applied to the
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(b) Mode 2: 329 Hz

(a) Mode 1: 157 Hz

(d) Mode 4: 505 Hz (e) Mode 5: 543 Hz

(¢) Mode 3: 366 Hz

Figure 9.3: Surface normal velocity distribution for the first five free vibration modes.
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other. Note that +y is in the direction of a line connecting the centers of both the shafts. The
radiation from the resulting housing vibration is computed in the frequency range 100-1000 Hz
with a frequency resolution of 15 Hz.

The output punch file contains the nodal velocities or accelerations at each frequency. This
data is loaded into Coustyx model and is later applied as the velocity boundary condition to
predict noise generated by the gearbox housing in this frequency range.

9.4. Coustyx MultiDomain Model

Coustyx MultiDomain model is created by importing the FE mesh. The frequency response data
from the FEA analysis is loaded into Coustyx and is applied as a structure velocity boundary
condition on the gearbox housing. The analysis parameters are then set and the acoustic analysis
is run to compute radiation predictions.

9.4.1. Problem Setup

Follow the steps to setup Coustyx model and perform acoustic analysis on the gearbox housing.
Open Coustyx from the start menu of your computer.

9.4.1.1. Create a New Model

e In the main menu select: File — New Model. The window in Figure 9.4 will then appear.

e Choose the model type: ‘Multidomain Model’ and select model units: meter-kilogram-second
(SI units). Note that the selection of model units is consistent with the unit of length in
the structure mesh. Click ‘OK’ to proceed.

9.4.1.2. Import FE Structure Mesh
e In Coustyx model main menu select: Model — Structures.

e Right—click on Structures and select: Import — Nastran Bulk Data (.bdf) File...
(as shown in Figure 9.5) to import mesh from Nastran bulk data format. The FE meshes
from Abaqus and Ansys data formats can be imported by selecting Abaqus (.inp) File
or Ansys Results (.rst) Files respectively.

e Select the appropriate FE structure data file to be imported from the browser and click
‘Open’.

9.4.1.3. Load Frequency Response Data

e In Coustyx model main menu select: Model — Structures — Structmesh_0 or <Struct
Mesh Name>.

e Right-click on Structmesh_0 or <Struct Mesh Name> and select: Load Freq Response
Data — Nastran Punch File... (as shown in Figure 9.6). The other valid data formats
from which frequency response data can be loaded into Coustyx are Nastran OP2 File
and Ansys rst File.
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MNew Model...

Select Model Type

(@) Multidomain Model () Indirect Model

Select Model Units

2 meter - kilogram - second (SI units)

_ millimeter - newton - second
(") meter - kilogram force - second

() millimeter - kilogram force - second

(") inch - pound force - second

() foot - pound force - second

() other

Length scale factor: | 1.0000000000000
Mass scale factor: 1,0000000000000

MNote: Model units are presently only used
in the computation of sound power levels
from ISO standards. Modifying model units
does not rescale the model.

[ OK ][ Cancel ]

Figure 9.4: New Model Selection Window.
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Figure 9.5: Import a finite element structure mesh.
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Figure 9.6: Load frequency response data into Coustyx.
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e Select the appropriate frequency response data file to be loaded from the browser and click
‘Open’.

9.4.1.4. Generate BE Mesh

e Select: Model — Structures — Structmesh_0 or <Struct Mesh Name>.

e Right-click on Structmesh_0 or <Struct Mesh Name> and select: Open to view the
structure mesh in the GUIL. The structure mesh will appear as shown in Figure 9.7.

File Edit Preferences Help
D@ By @
-3 Model

2] Type <MuliDamain>
[ Version < 200.00>
5] Madel Description
) Structures

4 b x|

[ Structmesh_0 P ==
(] Materials =E==
] Planes Bel

O Interfaces

(] Boundary Conditians
(2] Direct BE Meshes
{23 FE Meshes

(] Domains

|2] Contest Script

(] Analysis Sequences

‘Steg

09:07:3%  Frequency[37]= 820,000 (Hz) -
09:07:39%:  Frequency[38]= 40,0000 (H2)
09:07:39:  Frequency{33]= 550.0000 ()
09:07:33:  Frequency[40]= 880.0000 (Hz)

L
0907:3%  Frequency{41]= 500,001 (Hz)
09:07:39:  Frequency[4
09:07:39:  Frequency[43]= 940.0000 (He)
0907:3%  Frequency[44]= 560,0000 (He)
09:07:3%:  Frequency[4s]= 9800001 (Hz) {3 Selected Coord Nodes | £ Selected Elements | = Fill Hole | (-3 Skin | (3 Stkch Seams | (3 Delats Elements | 3 Element Orientation
09:07:39;  Frequency{46]= 100,000 {Hz) S 2
09:07:33:  Frequency[47]= 1020.0000 {Hz) ‘ Coord Nede 1d ‘ x t‘ j
0907:39:  Freq 1040,0000{Hz) — L
09:07:39:  Frequency{49]= 1060,0000 (Hz)
09:07:39:  Frequen = 1030.0000 (Hz)
09:07:3% _ Frequency[51]= 1100,0000 (Hz)
09:07:39: Done Inading frequency response data L |

920,000 (Hz)

<[ " b

WarkDir:C: i ewisGearCasing Status:Modified File:Madel2.cyx

Figure 9.7: Structure mesh opened in Coustyx GUIL

e Move the cursor into the GUI window with the structure mesh and observe the cursor
change to mowve-cursor style (or to the shape of ‘4’). To manipulate the view:
— Use the GUI control panel tools shown in Figure 9.8 to zoom and rotate the model.
— Hold down the left-click button and move the mouse to rotate the model in the GUI.
— Hold down the right-click button and move the mouse to move the model in the GUI.

— Move and rotate the model to see the holes on one of the side surfaces on the structure.
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| ® Structmesh_0

Figure 9.8: Coustyx GUI control panel tools.

e Display element edges of the structure mesh.

— Move the cursor into the GUI window of the structure mesh.

— Press and hold the shift-key to observe the cursor change from mowve-cursor style (or
‘+’ shape) to an arrow style.

— Right-click on the mesh while holding down the shift-key to view a pop-up context
menu shown in Figure 9.9 and select: Select All Displayed Elements.

Operations on Selection:

Unselect Al
Select All Displayed Elements

Selected Elements

Select All Displayed Nodes

Selected Modes

Figure 9.9: Select all displayed elements in the GUI.

— Again right-click on the mesh while holding down the shift-key and select: Selected
Elements — Display Style to view a pop-up window shown in Figure 9.10.

— Pick the option Show Edges and click ‘OK’.
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Element Display Style @
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Apply Color
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»
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Green: 200 =

»

Blue: 255

Color Palette, ..

[ oK H Cancel ]

Figure 9.10: Element Display Style Window.
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— To unselect all the elements right-click on the mesh again while holding down the
shift-key and select: Unselect All.

e Create seams at the hole edges to avoid skinning the interior surface of the gearbox housing.
— Select the tabbed window Skin from the series of tabs located below the structure
mesh.

— Move the cursor to the structure mesh in GUIL.

— Left-click on the elements around the edge of a hole while holding the shift-key. Make
sure to select elements with nodes on the hole edge as shown in Figure 9.11.

Figure 9.11: Select elements for creating a seam.

Right-click on the mesh while holding down the shift-key to view the context menu and
select: Selected Elements — Display Connected Nodes as shown in Figure 9.12.

— Left-click on the displayed nodes while holding the shift-key to pick the nodes to be
part of the seam. Make sure to pick nodes in a specific direction.

— Pick the nodes until you see a circular seam following the edge of the hole as shown
in Figure 9.13.

— From the tabbed windows located below the structure mesh select: Skin — Accept

Seam.

e Create seams around all the four holes in the gearbox housing following the instructions
given above.
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Operations on Selection:

Unselect All

Select All Displayed Elements
Selected Elements

Unselect
Display Style...
Display Connected Hodes

Select Elements Connected Through Coardblades
Hide

Set Boundary Condition

Select All Displayed Nodes
Selected Nades

Add to Set

Remove fram Set

Figure 9.12: Display connected nodes for creating a seam.

Figure 9.13: Pick nodes to create a seam.
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e Right-click on the mesh while holding down the shift-key and select: Unselect All to
unselect all elements.

e Skin the finite element structure mesh to generate a boundary element mesh for Coustyx.

— Left-click on any element on the exterior surface of the gearbox housing mesh while
holding the shift-key. Make sure you select only one element.

— From the tabbed windows located below the structure mesh select: Skin — Create
Skin.

— Once the skin is created select: Skin — Create Mesh From Skin to generate a

boundary element mesh.

e To verify the creation of boundary element mesh, from the main model menu select: Model
— Direct BE Meshes — NewMeshCreatedFromSkin. Right-click on NewMeshCre-
atedFromSkin and select: Open to view the boundary element mesh created from skin-
ning the FE structure mesh.

9.4.1.5. Define Material Properties

e In the main model menu select: Model — Materials — Air. Right-click on Air and
select Edit.... Figure 9.14 will appear.

P A

Edit Materal =
Marne: Bir

Speed3ound

Frequency Dependence Tvpe: Conskant v]

Real 343.00000000000 Imaginary 0.0

AmbientDensity

Frequency Dependence Tvpe: |C|:|nstant -

Value 1.2100000000000

ok, I [ Cancel |

Figure 9.14: Edit material properties.

e Type-in the name of the material as ‘Air’.

e Define SpeedSound as a constant with value 343 m/s. The unit is consistent with the
unit of length (m) in the structure mesh.
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Define AmbientDensity as a constant with value 1.21 kg/m?. The unit is consistent with
the unit of length (m) in the structure mesh.

9.4.1.6. Fill Holes

Open the Coustyx BE mesh from the main model menu by selecting: Model — Di-
rect BE Meshes — NewMeshCreatedFromSkin. Right-click on NewMeshCreat-
edFromSkin and select: Open to view the boundary element mesh in the GUI.

Select the tabbed window Fill Hole from the series of tabs located below the BE mesh.
Follow the instructions given earlier in Section 9.5.1.4 to display element edges in the mesh.

Left-click on the elements around the edge of a hole while holding the shift-key. Make sure
to select elements with nodes on the hole edge (similar to the Figure 9.9).

Right-click on the mesh while holding down the shift-key to view the context menu and
select: Selected Elements — Display Connected Nodes (similar to the Figure 9.12).

Left-click on the displayed nodes while holding the shift-key to pick the nodes on the edge
of the hole in a specific direction.

Pick the nodes until a unique closed loop is identified by the appearance of triangle elements
filling the hole as shown in Figure 9.15.

Figure 9.15: Fill hole using triangle elements.
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e The elements created to fill the holes are automatically added to a new set created with
the name ‘Hole_1’ in: Fill Hole — New Set Name.

e From the tabbed windows located below the structure mesh select: Fill Hole — Fill
Hole.

e Repeat the above instructions to fill all the four holes in the gearbox housing.

9.4.1.7. Define Boundary Conditions

e Edit the existing default boundary condition.

— In the Coustyx main model menu select: Model — Boundary Conditions —
Default.

— Right-click on Default and select: Edit... to make changes to the default boundary
conditions applied to all the boundary elements. The window in Figure 9.16 will

appear.
Edit Baundary Condition
Mame: DieFauilt]
Type: |LIniFu:urm Welocity vl Help
Welociby
Frequency Dependence Type: lCu:unstant 'J
Real(x) 0.0 Imaginary(:) 0.0
Realdyy 0.0 Imaginary) 0.0
Realfzy0.0 Imaginary{Z) 0.0
Impedence
[7] Use Impedence
| oK | | Zancel |

Figure 9.16: Edit boundary conditions window.

— Type-in the new name ‘Structural Velocity BC’.

Select Structure Velocity from the drop-down menu for ‘Type’. The window in
Figure 9.17 will appear.

— Fill the Structure Name with Structmesh_0 or <Struct mesh name>. For the
current model there is no structure interface, so leave Structure Interface Name
blank.

Select ‘Choose Default Options’ as interpolation options for mismatched meshes.
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MName:
Type:

Structure Info.
Structure Mame:

Structure Interface Name:

Interpolation Options for Mismatched Meshes

[¥] choose Default Options
User Options

Impedence
D Use Impedence

Structure Velocity BC|

Structure Velacity ~ | belp

Structmesh 0

-

ok || concel |

Figure 9.17: Edit structure velocity boundary condition window.
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— Click ‘OK’ to save the boundary condition.

e Create a new rigid boundary condition.

In the main model menu select: Model — Boundary Conditions.

Right-click on Boundary Conditions and select New....
— In the New Boundary Condition window type-in the new name ‘Rigid BC’.

Select Uniform Normal Velocity from the drop-down menu for ‘Type’.
— Enter zero constant values for the real and imaginary values of the normal velocity.

— Click ‘OK’ to save the boundary condition.

9.4.1.8. Apply Boundary Conditions

The boundary conditions defined earlier are applied to the elements in the Coustyx BE mesh
before running acoustic analysis.

e Apply structure velocity boundary condition to all the elements in the Coustyx BE model.

— Select: Model — Direct BE Meshes — NewMeshCreatedFromSkin. Right-
click on NewMeshCreatedFromSkin and select Open to view the boundary ele-
ment mesh in the GUIL

— Right-click on the mesh while holding down the shift-key to view the context menu
and select: Select All Displayed Elements.

— Again right-click on the mesh while holding down the shift-key and select: Selected
Elements — Set Boundary Condition — Structure Velocity BC (as shown
in Figure 9.18). If the boundary condition Structure Velocity BC is inactive, it
implies that it has already been applied over the selected elements.

e Apply rigid boundary conditions on all the elements created to fill holes. Note that we don’t
have structure velocities for these as they are newly created in Coustyx and not present
in the original structure. Since the elements filling the holes are conveniently added to
sets named ‘Hole_1’, ‘Hole_2’ and so on, we can apply the boundary conditions on them
through these sets.

— In the main model menu select: Model — Direct BE Meshes — NewMeshCre-
atedFromSkin— Sets — Holes_1.

— Right-click on Holes_1 and select: Elements — Set Boundary Condition —
Rigid BC as shown in Figure 9.19.

— Repeat the above for other holes as well.
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Operations on Selection:
Unselect Al
Selact All Displayed Elemerits

Unselect Selected Elements

Display Style...

Select All Display=d Nodes
Display Connected MNogles b
Select Elements Connected Through Coordhlodes

Hide

Set Boundary Condition Rigid BC

Add to Set Structural Velacity BC

Remave from Set

Figure 9.18: Apply boundary conditions through selected elements.

9.4.1.9. Domains

e Specify the type of acoustic problem by selecting: Model — Domains — Domainl or
<Domain Name> — Boundedness. The radiation from a gearbox housing is an exterior
or unbounded acoustic problem. Right-click on Boundedness and select: Boundedness
— Unbounded as shown in Figure 9.20.

e Choose the fluid medium around the gearbox housing by selecting: Model — Domains
— Domainl or <Domain Name> — Material. Right-click on Material and select:
Material — Air.

e To set ‘the side of the mesh on which the domain is’ you need to first check the direction
of mesh normals.

— Open Coustyx BE mesh in the GUI. Select: Model — Direct BE Meshes —
NewMeshesCreatedFromSkin and right-click on NewMeshesCreatedFromSkin
and select Open.

— Move the cursor to the BE mesh in GUI.

— Right-click on the mesh while holding down the shift-key to view the context menu
and select: Select All Displayed Elements.

— From the tabbed windows located below the mesh select: Element Orientation
to view the direction of element normals (refer to Figure 9.21). The green arrow
indicates the positive direction and the red arrow indicates the negative direction of
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Figure 9.19: Apply boundary conditions through sets.
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Figure 9.20: Specifying boundedness of the domain.



314 Tutorial — Gear Box Radiation

the normal. Here, all the element normals are coming out of the mesh. By definition
the positive side of the mesh is defined as the side with positive element normals.

| @ NewMeshCreatedFromskin | 4 px|
(=] o< ] e 2]

EIEC
(x]o
et

»

we[o/»
O

Selected Coord Nodss | S5 Selected Elements | <3 Fill Hole: | <31 Hew Element | =3 stitch Ssams | 53 Delste Elaments | =3 Element Orientation

Flip Selected Elements

[ M3ke Mesh Consistent with Selected Elernent

Figure 9.21: Element orientations.

— Since we are interested in the radiation problem the domain is on the positive side of
the mesh.

e Select: Model — Domains — Domainl or <Domain Name> — Direct BE Meshes
— NewMeshesCreatedFromSkin — Side of Mesh on which Domain is. Right-click
on Side of Mesh on which Domain is and select: Side of Mesh on which Domain
is — Positive as shown in Figure 9.22.

9.4.2. Run Acoustic Analysis

Coustyx analysis parameters are set in ‘Analysis Sequences’, which are then ‘Run’ to solve the
acoustics radiation problem.
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Select: Model — Analysis Sequences and right-click to create a new analysis sequence
by selecting New....

Select Solver Controls tab to set solver parameters. Refer to Figure 9.23.
— Ensure the default solver options are satisfactory.
— Set Initial Guess — Previous Solution from the drop-down menu.
Move onto Frequency Ranges tab to specify analysis frequencies. Refer to Figure 9.24.

— Enter the starting frequency to be 100 Hz in the table under ‘Start (Hz)’.
— Enter a value of 15 Hz for the frequency resolution under ‘Delta (Hz)’.

— Enter the final frequency to be 1000 Hz in the table under ‘End (Hz)’.

Now move onto Outputs tab where output file names are specified. Ensure the default
settings in Outputs tab are satisfactory.

Click ‘OK’ to save the new analysis sequence.

To edit the analysis parameters any time, select: Model — Analysis Sequences —
Analysis Sequence. Right-click and select Edit.

To start acoustic analysis, select: Model — Analysis Sequences — Analysis Se-
quence. Right-click and select Run to perform acoustic analysis on the gearbox housing
with the applied vibrations for the desired frequencies.

9.4.3. Post-processing/Outputs

Coustyx creates the following output files based on the choices made in Outputs tab in Analysis
Sequence.

9.4.3.1. results.dat

A binary results file is saved by Coustyx for later use. When the model is re-run Coustyx directly
uses these results if the checksum of the model matches with the checksum in the results file.
This file can’t be interpreted by the user and is only for Coustyx use.

9.4.3.2. sensors.dat

The pressure and particle velocity at the sensor locations are written into this ASCII-text file.
Since we didn’t add any sensors to the gearbox housing radiation problem, this file is empty.
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! Analysis Séquence

Marne: Analysis Sequence

| Description | Solver Controls | Fraguency Ranges | Outputs | Script |

Farallel Processing
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FMM
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[¥] precompute Mear Field Matrices

Use Fixed Integration Order:

Inteqration Order For Triangular Elements: 3

Inteqration Crder For Quadrilateral Elements: 3

Mediurm

Mumber af FMM Levels: 6 :
GMRES
GMRES
Preconditioner Type: IEBE "J
i
Convergence Criterion: [Residual vJ
Residual as a Percentage: 0, 50000000000000
0.50000000000000
Mumber of Vectors in Kryloy Subspace at Restart: 1000 :
Initial Guess: Previous Solution *
Integration

[ (0] 4 ] | Cancel

Figure 9.23: Analysis solver controls.
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Analysis Sequence Cx ]

Mame: Analysis Sequence

| Description | Selver Contrals | Frequency Ranges | outputs | Seript |

Start (Hz) Delta {Hz) Mo. Fregs. End {Hz}
1| 100,000000 15.000000| 61 1000,000000

[ Ok ]| Cancel |

Figure 9.24: Set analysis frequencies.

9.4.3.3. power.dat

This ASCII-text file contains acoustic power values computed at each analysis frequency. Each
file has five columns. The first column contains analysis frequencies in ‘Hertz’. The second and
third columns contain radiated (active) sound power and reactive sound power respectively. The
input power is written to the fourth column. All the power units will be consistent with the
material properties - sound speed, and ambient density, defined earlier; here the unit is ‘Watt’.
The fifth column consists of the radiation efficiency of the gearbox housing.

The radiated sound power and radiation efficiency are plotted against the analysis frequency
in Figure 9.25 and Figure 9.26 using matlab plot command. The sound power radiated (Fig-
ure 9.25) has peaks corresponding to the structural vibration modes that have a non-zero net
volume velocity.

9.4.3.4. iglass.igl

IGlass files are post-processing data files created by Coustyx to visualize the acoustic analysis
results. Refer to Figure 9.27.

e Double-click on ‘iglass.igl’ file to open it.
e Click on the Attribs tab on the top-left of the iglass viewer.

e Select: Attribs — Attribute — Pressure to view the pressure distribution on the surface
of the gearbox housing.

e Click on the View tab on the top-left of the iglass viewer.

e Press the slider under View — Phase, to start animation. This activates the animation
of the wave propagation on the housing surface.

e To view the results for different frequencies press the slider under View — Frequency.
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Figure 9.27: IGlass viewer showing sound pressure distribution at 760 Hz.
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9.5. Coustyx Indirect Model

Coustyx Indirect model is created by importing the FE mesh. The frequency response data
from the FEA analysis is loaded into Coustyx and is applied as a structure velocity boundary
condition on the gearbox housing. The analysis parameters are then set and the acoustic analysis
is run to compute radiation predictions.

9.5.1. Problem Setup

Follow the steps to setup Coustyx model and perform acoustic analysis on the gearbox housing.
Open Coustyx from the start menu of your computer.

9.5.1.1. Create a New Model

e In the main menu select: File — New Model. The window in Figure 9.28 will then
appear.

e Choose the model type: ‘Indirect Model” and select model units: meter-kilogram-second
(SI units). Note that the selection of model units is consistent with the unit of length in
the structure mesh. Click ‘OK’ to proceed.

[ MNew Model... @1

Select Model Type

() Multidomain Model @) Indirect Model

Select Model Units
(@ meter - kilogram - second (SI units)
() millimeter - newton - second
(") meter - kilogram force - second
*) millimeter - kilogram force - second
() inch - pound force - second
() foot - pound force - second

*) other

Length scale factor: | 1.0000000000000

Mass scale factor: 1,00

Mote: Model units are presently only used
in the computation of sound power levels
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Figure 9.28: New Model Selection Window.



322 Tutorial — Gear Box Radiation

9.5.1.2. Import FE Structure Mesh

e In Coustyx model main menu select: Model — Structures.

e Right—click on Structures and select: Import — Nastran Bulk Data (.bdf) File...
(as shown in Figure 9.29) to import mesh from Nastran bulk data format. The FE meshes
from Abaqus and Ansys data formats can be imported by selecting Abaqus (.inp) File
or Ansys Results (.rst) Files respectively.

2] Moadel Loy

File Edit Preferences Help

el 2iB0C SA T
iy Model

2] Type <Indirect>

-.|Z] Version < 100,00~
-..|Z] Madel Description
Qe
G- Materials | Structures
-] Planes

e Indirect E‘-E
2] Context 5 Lapy
] Analysis § Paste

Rename

Diefete

COpen
Close

Edit

Help...

| Impaort L I Abagus (inp) File...
! Mastran Bulk Data (.bdf) File...

Ansys Results (.rst) File...

Figure 9.29: Import a finite element structure mesh.

e Select the appropriate FE structure data file to be imported from the browser and click
‘Open’.

9.5.1.3. Load Frequency Response Data

e In Coustyx model main menu select: Model — Structures — Structmesh_0 or <Struct
Mesh Name>.

e Right-click on Structmesh_0 or <Struct Mesh Name> and select: Load Freq Response
Data — Nastran Punch File... (as shown in Figure 9.30). The other valid data formats
from which frequency response data can be loaded into Coustyx are Nastran OP2 File
and Ansys rst File.
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Figure 9.30: Load frequency response data into Coustyx.
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e Select the appropriate frequency response data file to be loaded from the browser and click
‘Open’.

9.5.1.4. Generate BE Mesh

e Select: Model — Structures — Structmesh_0 or <Struct Mesh Name>.

e Right-click on Structmesh_0 or <Struct Mesh Name> and select: Open to view the
structure mesh in the GUI. The structure mesh will appear as shown in Figure 9.31.

oy )

File Edit Preferences Help

bW B> Skt

-3 Model
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X Log
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17:45:34: Import File, .Done

{23 Selectzd Coord Nodes | Selected Elements | 3 Fil Hole. | (3 Skin | {3 Stitch Seams | (3 Delete Elements | 3 Element Crientation
CoordNodeId X ¥ 2
WorkDirC: GearC: File:Model Loyx

Figure 9.31: Structure mesh opened in Coustyx GUI.

e Move the cursor into the GUI window with the structure mesh and observe the cursor
change to move-cursor style (or to the shape of ‘4+’). To manipulate the view:
— Use the GUI control panel tools shown in Figure 9.32 to zoom and rotate the model.
— Hold down the left-click button and move the mouse to rotate the model in the GUI.
— Hold down the right-click button and move the mouse to move the model in the GUI.

— Move and rotate the model to see the holes on one of the side surfaces on the structure.
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| ® Structmesh_0

Figure 9.32: Coustyx GUI control panel tools.

e Display element edges of the structure mesh.

— Move the cursor into the GUI window of the structure mesh.

— Press and hold the shift-key to observe the cursor change from mowve-cursor style (or
‘+’ shape) to an arrow style.

— Right-click on the mesh while holding down the shift-key to view a pop-up context
menu shown in Figure 9.33 and select: Select All Displayed Elements.

Operations on Selection:

Unselect Al
Select All Displayed Elements

Selected Elements

Select All Displayed Nodes

Selected Mades

Figure 9.33: Select all displayed elements in the GUI.

— Again right-click on the mesh while holding down the shift-key and select: Selected
Elements — Display Style to view a pop-up window shown in Figure 9.34.

— Pick the option Show Edges and click ‘OK’.
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Figure 9.34: Element Display Style Window.
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— To unselect all the elements right-click on the mesh again while holding down the
shift-key and select: Unselect All.

e Create seams at the hole edges to avoid skinning the interior surface of the gearbox housing.
— Select the tabbed window Skin from the series of tabs located below the structure
mesh.

— Move the cursor to the structure mesh in GUL

— Left-click on the elements around the edge of a hole while holding the shift-key. Make
sure to select elements with nodes on the hole edge as shown in Figure 9.35.

Figure 9.35: Select elements for creating a seam.

Right-click on the mesh while holding down the shift-key to view the context menu and
select: Selected Elements — Display Connected Nodes as shown in Figure 9.36.

Left-click on the displayed nodes while holding the shift-key to pick the nodes to be
part of the seam. Make sure to pick nodes in a specific direction.

Pick the nodes until you see a circular seam following the edge of the hole as shown
in Figure 9.37.

From the tabbed windows located below the structure mesh select: Skin — Accept
Seam.

e Create seams around all the four holes in the gearbox housing following the instructions
given above.
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Operations on Selection:

Unselect All

Select All Displayed Elements

Unselect ~ Selected Elements

Display Style..
Display Connected Hades

Select Elements Connected Through CoordMades
Hide

Set Boundary Condition

Select All Displayed Modes
Selected Nades

Add to Set

Remave fram Set

Figure 9.36: Display connected nodes for creating a seam.

Figure 9.37: Pick nodes to create a seam.
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e Right-click on the mesh while holding down the shift-key and select: Unselect All to
unselect all elements.

e Skin the finite element structure mesh to generate a boundary element mesh for Coustyx.
— Left-click on any element on the exterior surface of the gearbox housing mesh while

holding the shift-key. Make sure you select only one element.

— From the tabbed windows located below the structure mesh select: Skin — Create
Skin.

— Once the skin is created select: Skin — Create Mesh From Skin to generate a
boundary element mesh.

e To verify the creation of boundary element mesh, from the main model menu select: Model
— Indirect BE Mesh. Right-click on it and select: Open to view the boundary element
mesh created from skinning the FE structure mesh.

9.5.1.5. Define Material Properties

e In the main model menu select: Model — Materials — Air. Right-click on Air and
select Edit.... Figure 9.38 will appear.

-

Edit Material ==
Marne: Bir

Speedsound

Frequency Dependence Tvpe: Constant YI

Real 343, 00000000000 Irnaginary 0.0

AmbientDensity

Frequency Dependence Tvpe: |Cu:unstant -

Value 1.2100000000000

ok J [ Cancel |

Figure 9.38: Edit material properties.

e Type-in the name of the material as ‘Air’.

e Define SpeedSound as a constant with value 343 m/s. The unit is consistent with the
unit of length (m) in the structure mesh.

e Define AmbientDensity as a constant with value 1.21 kg/m3. The unit is consistent with
the unit of length (m) in the structure mesh.
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9.5.1.6. Fill Holes

e Open the Coustyx BE mesh from the main model menu by selecting: Model — Indirect
BE Mesh. Right-click on it and select: Open to view the boundary element mesh in the
GUL

e Select the tabbed window Fill Hole from the series of tabs located below the BE mesh.
e Follow the instructions given earlier in Section 9.5.1.4 to display element edges in the mesh.

e Left-click on the elements around the edge of a hole while holding the shift-key. Make sure
to select elements with nodes on the hole edge (similar to the Figure 9.33).

e Right-click on the mesh while holding down the shift-key to view the context menu and
select: Selected Elements — Display Connected Nodes (similar to the Figure 9.36).

o Left-click on the displayed nodes while holding the shift-key to pick the nodes on the edge
of the hole in a specific direction.

e Pick the nodes until a unique closed loop is identified by the appearance of triangle elements
filling the hole as shown in Figure 9.39.

Figure 9.39: Fill hole using triangle elements.

e The elements created to fill the holes are automatically added to a new set created with
the name ‘Hole_1’ in: Fill Hole — New Set Name.
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e From the tabbed windows located below the structure mesh select: Fill Hole — Fill
Hole.

e Repeat the above instructions to fill all the four holes in the gearbox housing.

9.5.1.7. Define Boundary Conditions

e Edit the existing default boundary condition.
— In the Coustyx main model menu select: Model — Indirect BE Mesh — Bound-
ary Conditions — Default.

— Right-click on Default and select: Edit... to make changes to the default boundary
conditions applied to all the boundary elements. The window in Figure 9.40 will

appear.

Edlit Boundary Candition (=5

Mame: Default

Type: Uniform Yelocity (Continuous) - | Help
Welocity
Frequency Dependence Type: IConstant ']
Real(x) 0.0 Imaginary () 0.0
Real() 0.0 Imaginary(y) 0.0
Realiz) 0.0 Imaginary(Z) 0.0

O H Cancel J

Figure 9.40: Edit boundary conditions window.

Type-in the new name ‘Structural Velocity BC’.

Select Structure Velocity (Continuous) from the drop-down menu for ‘Type’.
The window in Figure 9.41 will appear.

Fill the Structure Name with Structmesh_0 or <Struct mesh name>. For the

current model there is no structure interface, so leave Structure Interface Name
blank.

— Select ‘Choose Default Options’ as interpolation options for mismatched meshes.
— Click ‘OK’ to save the boundary condition.
e Create a new rigid boundary condition.
— In the main model menu select: Model — Boundary Conditions.
— Right-click on Boundary Conditions and select New....
— In the New Boundary Condition window type-in the new name ‘Rigid BC’.
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Mame: Structure Velocity BC
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Structure Info,
Structure Name: Structmesh_0 -

Struchure Interface Name:

Interpolation Options for Mismatched Meshes
[¥] Choose Default Options
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Figure 9.41: Edit structure velocity boundary condition window.

— Select Uniform Normal Velocity (Continuous) from the drop-down menu for
‘Type’.

— Enter zero constant values for the real and imaginary values of the normal velocity.

— Click ‘OK’ to save the boundary condition.

9.5.1.8. Apply Boundary Conditions

The boundary conditions defined earlier are applied to the elements in the Coustyx BE mesh
before running acoustic analysis.

e Apply structure velocity boundary condition to all the elements in the Coustyx BE model.

— Select: Model — Indirect BE Mesh. Right-click on it and select Open to view
the boundary element mesh in the GUI.

— Right-click on the mesh while holding down the shift-key to view the context menu
and select: Select All Displayed Elements.

— Again right-click on the mesh while holding down the shift-key and select: Selected
Elements — Set Boundary Condition — Structure Velocity BC (as shown
in Figure 9.42). If the boundary condition Structure Velocity BC is inactive, it
implies that it has already been applied over the selected elements.
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Operations on Selection:
Unselect All
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Display Style...
Display Connected Modes
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Select Elements Connected Through Coordhlodes
Hide
Set Boundary Condition Rigid BC

Add to Set Structural Velocity BC

Remave from Set

Figure 9.42: Apply boundary conditions through selected elements.

e Apply rigid boundary conditions on all the elements created to fill holes. Note that we don’t
have structure velocities for these as they are newly created in Coustyx and not present
in the original structure. Since the elements filling the holes are conveniently added to
sets named ‘Hole_1’, ‘Hole_2’ and so on, we can apply the boundary conditions on them
through these sets.

— In the main model menu select: Model — Indirect BE Mesh — Sets — Holes_1.

— Right-click on Holes_1 and select: Elements — Set Boundary Condition —
Rigid BC as shown in Figure 9.43.

— Repeat the above for other holes as well.

9.5.2. Run Acoustic Analysis

Coustyx analysis parameters are set in ‘Analysis Sequences’, which are then ‘Run’ to solve the
acoustics radiation problem.

e Select: Model — Analysis Sequences and right-click to create a new analysis sequence
by selecting New....

e Select Solver Controls tab to set solver parameters. Refer to Figure 9.44.

— Ensure the default solver options are satisfactory.

— Set Initial Guess — Previous Solution from the drop-down menu.
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Figure 9.43: Apply boundary conditions through sets.
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Figure 9.44: Analysis solver controls.
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e Move onto Frequency Ranges tab to specify analysis frequencies. Refer to Figure 9.45.

— Enter the starting frequency to be 100 Hz in the table under ‘Start (Hz)’.
— Enter a value of 15 Hz for the frequency resolution under ‘Delta (Hz)’.
— Enter the final frequency to be 1000 Hz in the table under ‘End (Hz)’.

Analysis Sequence Cx ]

WEH Analysis Sequence

Start (Hz) Delta {Hz) Mo. Fregs. End {Hz)
1| 100000000 15.000000/ 61 1000000000

l Ok J | Cancel |

Figure 9.45: Set analysis frequencies.

e Now move onto Outputs tab where output file names are specified. Ensure the default
settings in Outputs tab are satisfactory.

e Click ‘OK’ to save the new analysis sequence.

To edit the analysis parameters any time, select: Model — Analysis Sequences —
Analysis Sequence. Right-click and select Edit.

To start acoustic analysis, select: Model — Analysis Sequences — Analysis Se-
quence. Right-click and select Run to perform acoustic analysis on the gearbox housing
with the applied vibrations for the desired frequencies. Note that Coustyx solves both the
interior and exterior domains simultaneously for the ‘Indirect Model’.

9.5.3. Post-processing/Outputs

Coustyx creates the following output files based on the choices made in Outputs tab in Analysis
Sequence.

9.5.3.1. results.dat

A binary results file is saved by Coustyx for later use. When the model is re-run Coustyx directly
uses these results if the checksum of the model matches with the checksum in the results file.
This file can’t be interpreted by the user and is only for Coustyx use.
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9.5.3.2. sensors.dat

The pressure and particle velocity at the sensor locations are written into this ASCII-text file.
Since we didn’t add any sensors to the gearbox housing radiation problem, this file is empty.

9.5.3.3. power.dat

This ASCII-text file contains acoustic power values computed at each analysis frequency. Each
file has five columns. The first column contains analysis frequencies in ‘Hertz’. The second and
third columns contain radiated (active) sound power and reactive sound power respectively. The
input power is written to the fourth column. All the power units will be consistent with the
material properties - sound speed, and ambient density, defined earlier; here the unit is “Watt’.
The fifth column consists of the radiation efficiency of the gearbox housing.

The radiated sound power and radiation efficiency are plotted against the analysis frequency
in Figure 9.46 and Figure 9.47 using matlab plot command. The sound power radiated (Fig-
ure 9.46) has peaks corresponding to the structural vibration modes that have a non-zero net
volume velocity.
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Figure 9.46: Sound power from the forced vibration response.

9.5.3.4. iglass.igl

1Glass files are post-processing data files created by Coustyx to visualize the acoustic analysis
results. Refer to Figure 9.48.

e Double-click on ‘iglass.igl’ file to open it.

e Click on the Attribs tab on the top-left of the iglass viewer.
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Figure 9.47: Radiation efficiency of the gearbox forced vibration.

Select: Attribs — Attribute — Surface Pressure Plus to view the pressure distribu-
tion on the exterior surface of the gearbox housing.

Click on the View tab on the top-left of the iglass viewer.

Press the slider under View — Phase, to start animation. This activates the animation
of the wave propagation on the housing surface.

To view the results for different frequencies press the slider under View — Frequency.
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Figure 9.48: IGlass viewer showing sound pressure distribution on the exterior surface of the
housing at 760 Hz.
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