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1 GENERAL PRESENTATION

1.1 Introduction

ATILA is a finite element code that has been specifically developed to aid in the design of sonar transducers, but can also be
used for all types of transducers (industrial machining, cleaning, welding, nondestructive testing, acoustic imaging, actuators)
or for passive structures. Its working domain is one of small and linear strains. It allows the static, modal, harmonic and
transient analysis of unloaded elastic, piezoelectric, electrostricitve or magnetostrictive structures, as well as the harmonic and
transient analysis of radiating elastic or piezoelectric structures (in any fluid, water or air, for example) and modal or harmonic
analysis of periodic structures with 1D, 2D or 3D periodicity, and thermal analysis. It is able to perform analyses of
axisymmetrical, bi- or three-dimensional structures. Depending upon the problem, it provides: the displacement field, the
nodal plane positions, the stress field, near-field and far-field pressures, transmitting voltage response, directivity patterns,
electrical impedance. Its ability to describe the behavior of different transducers (Tonpilz transducers, double headmass,
axisymmetrical length expanders, free-flooded rings, flextensional transducers, bender-bars, cylindrical and trilaminar
hydrophones) and the accuracy of the results have been valided by modeling many different structures and comparing
numerical and experimental results. Most results have been described in numerous reports, papers and articles; some of them
are listed in the bibliography in the next section.

For a steady-state solution, thermal behavior is weakly coupled to the electromechanical response. The method thus may take
advantage of the order of magnitude greater time constant for thermal effects compared to mechanical behavior. A two-step
analysis is performed whereby the electro-mechanical behavior is first computed, and the resulting dissipated power is then
applied as a heat generator to determine the resulting temperature of the system.

ATILA is the result of many years of research done mainly by K. Anifrani, J. Assaad, R. Bossut, J.-L. Carton, J.-C. Debus,
J.-N. Decarpigny, B. Dubus, R. Edde, A. Ghaddar, B. Hamonic, A.-C. Hladky-Hennion, P. Langlet, D. Morel and P. Tierce at
IL.S.E.N., B. Tocquet, and D. Boucher at D.C.N (Toulon) , F. Claeyssen R. Le Letty, N. Lhermet and F.-X. Zgainsky at Cedrat-
Recherche, and testing is still being done at I.S.E.N.

ATILA is mainly written in standard FORTRAN 77, except for some system interfacings written in C. It totals more than
220,000 lines of code (including 6000 lines of C code). It has been carefully designed to be easily portable on almost all
platforms. First developed on an IBM 370 series mainframe (VM/CMS), it is maintained at .S.E.N. on IBM-PC compatible
computers (32-bit applications under Windows 98, Windows NT, Windows2000, WindowsXP and Linux) and MACOSX
operating systems. Other test platforms were: a HP715/75 (HP-UX 9.03), two Sparc2 workstations (one with Solaris 2.3, one
with SunOS 4.1.3), a DECstation 5000/125 (Ultrix RISC 4.2a), an IBM RS6000 workstation (AIX 3.2.5), and. Ports have been
successfully tested on DEC Alpha workstations (OSF 1.2 and 2.0), and on an SGI workstation (IRIX 4.0. Previous ports were

done on DEC VAX stations and mainframes and on DEC Alpha stations with OPEN VMS, but these are no longer supported.
ATILA code chairmen are:

Pr. Jean-Claude DEBUS Tel: (+33) 320 30 40 50
Dr. Pascal MOSBAH Tel: (+33) 320 30 40 50
Laboratoire d’ Acoustique Fax: (+33) 320 30 40 51

Institut Supérieur d’Electronique du Nord
41. boulevard Vauban,
59046 LILLE CEDEX, FRANCE

A description of the different steps of an ATILA job and where to find them in the User’s Manual follows the list of selected
references. A detailed description of these steps appears in the following chapters.
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1.3 General Organization of an ATILA job

A computation using ATILA is carried out in different steps, all accessible through the supervisor (see Chapter 1.4). This
section briefly describes these steps and refers to the corresponding sections for additional information.

1.3.1 Mode Definition

For a given physical problem, the user must define the kind of analysis needed, for example: computation of the static
deformation of an elastic structure under a concentrated mechanical load, electrical short-circuited modal analysis of a
piezoelectric ceramic stack, or computation of the transmitting voltage response of a transducer. This type of analysis is linked
to solving subroutines described in Chapter 2. The user must also choose the type(s) of elements needed to describe the region
under study: elastic, piezoelectric, magnetostrictive or fluid elements, bi-dimensional, three-dimensional or axisymmetrical
elements, plane stress, plane strain, plate or shell elements, etc.

At this point, a first estimation of the computation size can generally be made by estimating the number of nodes, elements,
and degrees-of-freedom. Also at this point, the user must gather all the physical parameters described in Chapter 3 and ensure

their accuracy, which determines the accuracy of the final results. This step is essential.

1.3.2 Mesh Generation

Mesh generation involves the splitting of the aforementioned region under study into elements. This is accomplished by
defining the nodes and by specifying their coordinates in a given order, called node-numbering order. Then, the elements are
described by listing the nodes for each element in a given order, called topology. Chapter 3.3.26 describes the node
coordinates and the topology. A detailed library of elements is presented in Chapter 4.2.

During the mesh generation, the user can use all the ATILA elements. These elements allow curved line modelling and lower
density meshes. However, it is essential to ensure the validity of the geometrical aspect of the elements as well as the mesh
size. In general the maximum permissible size of mesh spacing is related to the smallest acoustic wavelength used.

Mesh generation can be carried out completely by the user. However, in most cases, the structure’s shape allows the use of an
automatic mesh generator, which creates node coordinates and element topologies. If using MOSAIQUE, the user has only to
define a gross splitting based on “super elements”, and to select for each of them their automatic splitting into finite elements.
This procedure is described in Chapter 5.2. ATILA may also be interfaced to other commercially available mesh generators
(IDEAS, PREFLU, GID, etc.). Please contact the Chairman for more information.

1.3.3 DataFilePreparation

The ATILA data file describes the type of analysis, the node coordinates, the element topology, the physical properties of the
materials and the geometrical properties of the elements, the loading and excitation data and the boundary conditions. Chapter
3 describes the complete data file preparation and must be read carefully. Specific element information can be found in
Chapter 4.2. Finally, when the automatic mesh generation code MOSAIQUE is used, the data entry file can largely be
obtained automatically. An example of such a data file appears in Part II.

Checking the data file can be done by displaying the mesh using the program WMDES, accessible through the “Draw the
mesh” button on the supervisor (see Page 19 for more details). The generated mesh can be seen on the screen or printed out on
a graphics printer (with choice of total or partial mesh, and with or without node and element numbering).

1.3.4 RunningaJob

The solver is launched using the supervisor (seeGeneral Organization of the ATILA supervisor Page 17 for more details). The
solver is the interface to the program that sets the array sizes, calls up the subroutines for reading the data files, computes the
elementary matrices, assembles these matrices into global matrices, solves the equations, and stores the results. It creates a
results file and several data files for post-processing.



1.3.5 Using the Results and Post Processing

An example of a results file is given in Part III. After each run, a file containing the results (frequencies and eigenvectors,
displacement and pressure fields, electrical impedance) is available. If desired, specific data are also stored for post-
processing. A graphic display of the distorted structure, the voltage response, the directivity patterns or the parallel resistance
and capacitance plot can be easily obtained by using the programs WMDES, WPLOTSV, WPATTERN and WPLOTRPCP
now accessible through the supervisor. Animated views of the vibrating structure are also available with the program
ATILANIM. Their use is described in Chapter 1.7.6.1

The user can also utilize WISOVAL to plot contours of constant value (isodisplacements, isopotentials, isopressures,

isostresses, etc.) on the modeled structure. WISOVAL can be used only if the generation of the PST file was requested in the
input data file.



1.3.6 Summary

In summary, the next page displays a simple flow chart of an ATILA finite-element job. Note that all these steps can be done
using the supervisor; this will be detailed in the next section (see Page 19).

1. Model Definition
Choosing the type of analysis.
Choosing the elements.
Choosing the needed algorithms.
Estimating the computation size.
Selecting all the physical parameters.

2.Mesh Generation
(user, MOSAIQUE, Preflux,GID)
Definition of nodes: node coordinate list.
Assigning the nodes to the corresponding elements:
element topology.
Checking the geometrical aspect of the elements.

Checking the mesh step.

3.Description of the Problem to be Solved
Definition of the commands.
Definition of specific data: data load
and boundary conditions.
Checking the mesh and data file: MDES.

\ 4

4.Running a Job

Running the program: GA

5.Using the Results and Postprocessing
Reading the results file.
Graphic display of the results:
DEPL, PLOTSV, PATTERN, PLOTRPCP,
PREPANIM/ATILANIM and ISOVAL;




1.4 General Organization of the ATILA supervisor

This chapter describes how to run the ATILA program using the supervisor. The example selected is an in-water harmonic
analysis of an axisymmetrical, radiating Tonpilz transducer (HAS04). This example was also used in Chapter 6.22 to describe
the input data.

As discussed above, a computation using ATILA is carried out in 3 main steps. Each section briefly describes each step. The

final section presents the many options available in the ATILA supervisor.
1.4.1 Preprocessor

After the definition of the model (type of analysis, choice of the elements, estimation of computation size, etc.), the mesh is
generated either by the user or by MOSAIQUE and checked using a graphic display (Page 19).

Other currently available preprocessors consist of Preflu2D/3D and Preati as well as GID and its ATILA-GID interface. The
corresponding Preflu2D/3D buttons on the ATILA supervisor are enabled when these modules are installed on your
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1.4.2 Computation

Using the .ati file, the problem is solved and provides a results file and files containing arrays for post-processing (chaper 1.7).
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1.4.3 Exploration

The results file is analyzed in this section, through a file containing the results, graphic displays or animated views of the
vibrating structure. The results analysis helps the designer to understand the physical behavior of the problem (Chapter 1.7).
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1.5 Preprocessors

First, for a given physical problem, the user must define the kind of analysis required (static, modal, harmonic, transient). The
user must also choose the type(s) of elements needed to describe the region under study: elastic, piezoelectric,
magnetostrictive or fluid elements, bi-dimensional, three-dimensional or axisymmetrical elements, plane stress, plane strain,
plate or shell elements, etc.

1.5.1 Mesh Generation

Mesh generation can be carried out completely by the user. However, in most cases, the structure’s form enables the use of an
automatic mesh generator, which creates node coordinates and element topologies. Thus, the user has only to define a gross
division based on “super elements”, and to select for each of them their automatic division into finite elements. The
corresponding file, named *.mos and described in Chapter 5.2, can easily be changed using the Modify button of the
supervisor. The MOSAIQUE procedure automatically transforms the “super elements” into finite elements used by ATILA.

The resulting file is an .ati file.

The ATILA data file describes the type of analysis, the node coordinates, the element topology, the physical properties of the
materials and the geometrical properties of the elements, the loading and excitation data and the boundary conditions. Chapter
3 describes the complete preparation of the data file and should be read carefully. Finally, when the automatic mesh generation
code MOSAIQUE is used, the data entry file can largely be obtained automatically. It is possible to change data in the .ati file
using the Modify button.
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Checking the data file can be done with the Draw the mesh button. The generated mesh is shown directly on the screen. Many
commands are available under these three menus: File, Edit and Options.
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The File menu commands open another file, saves the drawing or quits the program.
The Edit menu contains several commands:

Axes sets the view angle respective to the mesh. The initial viewing direction shows the Oz axis pointing towards the viewer,

so that the surface of the screen or paper is parallel to the xOy plane. For a tridimensional mesh, it is possible to change Theta

and Phi angles. Theta is the angle from the Oz axis to the view point, while Phi is the angle from Ox axis to the projection of
the view point on the x0y plane.
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Initially, a Simple mesh is presented. With Draw parameters you can select the drawing or display method.

Simple mesh is used for an unexploded view of the mesh. The elements are shown with a full line. Nodes do not appear.
Exploded mesh is used for an exploded view of the mesh without node numbering. The elements are shrunk by a small factor
and shown with a full line.

Exploded mesh with node numbers is used for an exploded view of the mesh with node numbering. The elements are shrunk
by a small factor and shown with a full line. Nodes are shown as small circles, with numbering close to them.

Exploded mesh with element numbers is used for an exploded view of the mesh with element numbering. The elements are
shrunk by a small factor and shown with a full line. Nodes are shown as small circles. Element numbering appears near the
element’s center.
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Mesh with degrees of freedom is used for an unexploded view of the mesh, with degrees of freedom shown as small vectors.
The elements are shown with a dashed line. On each node is shown a series of vectors, corresponding to the direction of active
degrees of freedom. Displacements U, U, and U, are shown with a simple arrow. Rotations 6,, 6, and 0, are shown with a
double arrow. Pressures are shown like U,. Potentials are shown like 6,. Excitation currents are not shown.

Dashed wireframe mesh with solid outline is used for an unexploded view of the mesh with dashed inside lines. The
elements’ vertices are shown with a full line if not connected to other elements; otherwise, they are shown with a dashed line.
Nodes do not appear.

Together with the previous buttons, it is possible to select the elements to draw, by entering the numbers of the first and last
shown element (from and to boxes). When the all button is used, the whole structure is shown. The user may also restrict the
display to a parallelepiped box whose limits are given in the Xmin, Xmax, Ymin, Ymax, Zmin and Zmax boxes.

It is possible to use a zoom by pressing shift Z on the keyboard.

Redraw, copy and print are also commands available under the Edit menu. The drawing can be integrated in most Windows
applications.

The Options command changes the language (English or French). It defines the language used for the entry input and output.
In France, the default language is French; in other countries, it is English.



1.6 Computation

Clicking on the Solver button performs the ATILA computation, using the interface to the program that sets the array sizes,
calls up the subroutines for reading the data files, computes the elementary matrices, assembles these matrices into global
matrices, solves the equations, and stores the results. At the end, the computation will provide a results file and files containing
arrays for post-processing.

After each run, the .Ist file is available, containing the results (frequencies and eigenvectors, displacement and pressure fields,
electrical impedance). It can be edited using the Edit result button. If desired, specific arrays are also stored for post-
processing.
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1.7 Exploration

Together with the results file, a graphic display of the distorted structure (Draw the mesh), the voltage response
(Transmitting Voltage), the sensitivity (Sensitivity), the directivity patterns (Directivities), or the parallel resistance and
capacitance plot (Rp/Cp) can easily be obtained using the ATILA exploration supervisor. Animated views of the vibrating
structure (Animate) are also available.

The user can also use ISOVAL to plot contours of constant value (isodisplacements, isopotentials, isopressures, isostresses,
etc.) on the modeled structure. ISOVAL can be used only if the generation of the PST file was requested in the job’s data file
(see Chapter 3.3.12). Each of these commands is described below.
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Note that the AtiCurve and PostAti buttons are enabled when the Preflu2D/3D and Preati modules are installed.
1.7.1 Rp/Cp

When dealing with underwater piezoelectric transducers, the designer needs to know the electrical impedance, generally given
as an equivalent parallel circuit composed of a resistance and a capacitance. The Rp/Cp button provides plots of the values of
these two components against the frequency. Using the Copy command, the data can be copied to an Excel file.

The frequencies provided in the data file are plotted by fitting a spline curve to the input data. The values of the parallel
resistance and of the parallel capacitance as a function of the frequency are in the .rpep file. Similarly, the .rjx file contains
the real part and the imaginary part of impedance for each input frequency.
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Using the Draw parameter button, one can choose a linear scale or a logarithmic scale for the frequency axis. Moreover, the

frequency can be normalized (Reference frequency).
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1.7.2 Remark

If the symmetries detected by the solver are incorrect, the user has to correct the values of Rp/Cp as well as the values of RjX.

1.7.3 Transmitting Voltage and Sensitivity

When dealing with underwater piezoelectric transducers, the designer needs to know the far field pressure in the fluid medium
and its spatial distribution. He might also need to find out its sensitivity, which can be calculated from the transmitting voltage
response and the electrical impedance via the reciprocity equation. The directivity index may also be valuable information.
These parameters are available using the Transmitting Voltage button and the Sensitivity button.

The transmitting voltage response is the magnitude of the far field pressure, expressed in dB, ref. 1 pPa/Volt at Im.



i wplotsy - example.ati 18 o [ =] 3
File Edt Options Help

16/ ewr0E

9B \FeF uPa @1 )

Ze0m =T

Frequency s

Ta 10 deg.- EXAMPLE

ft Word | Z2ATILA supervisor i1 wplotsv - example.ati

The sensitivity (voltage magnitude measured on the transducer for an incoming plane wave) is expressed in dB ref. 1
Volt/yPa:
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These plots are made for different directions, as a function of the frequency. The Copy command enables you to store the
values in an Excel file.



Using the radio buttons appearing in the Draw parameters dialog, the directivity index (for a bidimensional structure) can be
plotted. It describes the increase of source level compared to the omnidirectional case. The user can also change the direction
in which Sensitivity, Transmitting Voltage and Directivity index are calculated. Moreover, it is possible to introduce the

Cable capacitance that can affect the transducer impedance, to choose a linear or logarithmic scale, and to normalize the
frequency (Reference frequency).
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In the .ATI data file, the user must ensure that the excitation voltage magnitude is 1 Volt (which is the reference level). The
frequencies provided in the data file are plotted by fitting a spline curve to the input data.



1.7.4 Directivities

When dealing with underwater piezoelectric transducers, the designer needs to know the far field pressure in the fluid medium
and its spatial distribution. The aim of the Directivities button is to provide plots of the far field directivity patterns for several

frequencies.
In the .ati data file, the user must ensure that the excitation voltage magnitude is 1 Volt (which is the reference level). Patterns

are plotted by fitting a spline curve to the computed data.

Directivities uses a .pat file containing information about the far field pressure that the ATILA solver creates. This file can be

recreated from the .sy4 file (which is also created during the computation).
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Initially, a quarter of the directivity pattern is drawn for the first six frequencies. Using the Draw parameters dialog, it is

possible to plot 1, 2 or 4 quadrants. Using the Copy command, the diagrams can be inserted into any text file.

x
—Loadingcases |  Pattem type

Frequencies to draw : ' Quadrant 1 2 1
" Quadrants 1 and 2 ﬂh

" Quadrants 1 and 4 “y
3 4

&l four quadrants

Flane: lej.,. - I

~ Projection ‘

Reference frequency ;

| 1 ’TI Cancel |




1.7.5 Draw the mesh

Initially, a Simple mesh is displayed. Draw parameters modifies the display. The buttons are similar to those from pre-
processing, except that Draw parameters reads a .sy4 file created after solving the problem with ATILA, instead of the data
file. It also has buttons for dynamic views that are described below.

Displaced structure: full lines, rest structure: dashed lines. This option is used to plot the deformed shape of a structure.
The solid elements of the structure at rest are shown with a dashed line, while those of the deformed shape are shown with a
full line. Fluid elements and nodes do not appear.
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The user can modify the selected frequency (harmonic or modal analysis) or selected time (transient analysis), and the
displacement scale. No frequency value is requested for a static analysis or when solving was performed for one frequency or
time only. When a complex solver has been used, two graphics are provided. These correspond to the real and imaginary parts
of the displacement (remember that the real displacement is the real part of the product of the complex displacement and the
time dependency, which is ¢ in ATILA).
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Electrical isopotential lines in 2D elements. This option is used to plot isovalues of the electric potential magnitude in
piezoelectric domains of a bidimensional mesh. The solid elements of the structure are shown with a full line. Isovalues of the
electric potential magnitude are shown with a full line, except the null isovalue, which is shown with a dashed line. Fluid
elements and nodes do not appear.

The user can modify the selected frequency (harmonic or modal analysis) or selected time (transient analysis). No frequency
value is requested for a static analysis or when solving was performed for one frequency or time only.
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Isobaric lines in 2D fluid (magnitude). This option is used to plot isovalues of the pressure magnitude in fluid domains of a
bidimensional mesh. The fluid elements of the structure are shown with a full line. Isovalues of the pressure magnitude are
shown with a full line, except the null pressure isovalue, which is shown with a dashed line. Solid elements and nodes do not
appear.

The user can modify the selected frequency (harmonic or modal analysis) or selected time (transient analysis). No frequency
value is requested for a static analysis or when solving was performed for one frequency or time only.

 wndes - example.ati g =T

Fle EdtOptions Help

‘ )

Step =2 Pa

example.ati

For magnetic and magnetostrictive domains, the following options are available.

Magnetic B field in 2D elements (magnitude). This option is used to display vectors of the magnetic field B in magnetic or
magnetostrictive domains of a bidimensional mesh. The magnetic field includes the rotational part coming from the magnetic
sources and the irrotational part deduced from the magnetic potential. The magnetic and magnetostrictive elements of the
structure are shown with a full line. Magnetic field vectors are shown with a full line, starting from Gauss integration points,
and of length proportional to the magnitude. Fluid elements and nodes do not appear.

The user can modify the selected frequency (harmonic or modal analysis) or selected time (transient analysis). No value is
requested for a static analysis or when solving was performed for one frequency or time only. When a complex solver has
been used, two graphics are provided. These correspond to the real and imaginary parts of the magnetic excitation field



(remember that the real value is the real part of the product of the complex value and the time dependency, which is & in
ATILA).

Magnetic H field in 2D elements (magnitude). This option is identical to the Magnetic B field in 2D elements (magnitude)
option, except that the magnetic field H is shown instead of the magnetic induction B.

Demagnetizing field only. This option is identical to the Magnetic B field in 2D elements (magnitude) option, except that
the rotational part of the magnetic field, coming from the magnetic sources, is not included. The irrotational part deduced from
the magnetic potential is sometimes called the “demagnetizing field”.

Magnetic isopotential lines (magnitude). This option is used to display isovalues of the reduced magnetic potential
magnitude in magnetic or magnetostrictive domains of a bidimensional mesh. The magnetic and magnetostrictive elements of
the structure are shown with a full line. Isovalues of the reduced magnetic potential magnitude are shown with a full line,
except the null isovalue, which is shown with a dashed line. Fluid elements and nodes do not appear.

The user can modify the selected frequency (harmonic or modal analysis) or selected time (transient analysis). No value is
requested for a static analysis or when solving was performed for one frequency or time only.

1.7.6 Wisoval

WISOVAL is an interactive post-processing graphical program for the creation and display of a shading or contour plot of
results of an ATILA run (a shading plot is the default). WISOVAL displays in different colors the variation of a scalar value
throughout the domain under study (isovalues of the displacement field components, of the stress field, isopotentials,
isopressure, etc.). Isovalues are always represented in a plane. These can be plotted on the outer surface of a structure or in a
cross-section.

WISOVAL requires the data stored in the post-processing file .pst. This file is generated by ATILA if a GENERATION
PST entry has been provided in the .ati data file before using the solver (see Chapter 3.3.12). If this command does not appear
in the .ati file, it is possible to rebuild the .pst file using the program sy4topst in Expert (see Chapter 1.8.6).

Initially, the X-displacement is displayed for the first frequency input in the .ati file.

Edit and Option commands may be used.

In the Edit menu, Axes (see Page 19) and Draw parameters are available. The plot type may be selected: Displacement in
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the x direction (Ux), in the y direction (Uy), in the z direction (Uz) and the amplitude, isovalues of the Pressure ficld,
isovalues of the Electric potential and the isovalues of the Temperature. The user can also modify the selected frequency.
For a tridimensional structure, cuts along planes are available.



In the Option menu, the main available commands are: Legend, to show or hide the legend on the right, Mesh, to show or to
hide the full lines of the mesh, Node numbering, to show the nodes numbers and Element numbering, to show the elements

numbers. Using Color scale, one shaded color can be selected, and Composite combines different options.
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1.7.6.1 Animate

Animate performs animations. In fact, it can animate the displacement Snapshots that are equally spaced in one cycle of the
harmonic response and are created from the .sy4 file that the solver creates.

By moving the arrow on the screen, the view angle is changed.
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The main available options are: Select frequency, Animation, Pause. With Animation properties, Frequency and
magnitude may be changed. Wire mode displays the structure in wireframe view. Colors and materials may be selected and
changed using the Select material button.

The color white is assigned to any new material created. To modify this color, click on Material, then on Add the material.



1.8 Additional tools

1.8.1 Materials

With the help of the Cpiezo button, the user can display properties of the materials stored in the materials database. Cpiezo is
not a complete tool, but it is helpful for simple cases. The values provided by the MATERIAL entry in the data file are the
best place to check material properties. Depending on the number of properties, a given material is defined as elastic, fluid or
piezoelectric/magnetostrictive. After clicking on the Cpiezo button, the user must enter the name of the material.

For an elastic material, the longitudinal and transverse speeds are displayed.

For a fluid material, the longitudinal speed is displayed.

For a piezoelectric (magnetostrictive) material, it is assumed that the material belongs to the crystalline class 6mm. The
constants s°, s”, ¥, c”, d, g, h, e, €%, €"; ¥ and B' (s, s%, ¢, c®, d, g, h, e, u°, u'; X® and X") and the coupling factors ki3, ki3, Kis,
and k" are displayed.

You can create lossy piezoelectric or magnetostrictive materials from non-lossy ones, by specifying loss factors on the three
main constants blocks (Mpiezo).

You can check that a piezoelectric or magnetostrictive material is effectively lossy (dissipating, not absorbing heat) (Ppiezo).
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Materials Database button will soon be available.

1.8.2 Expert

The Expert menu points to different tools that are described below.
1.8.3 Atlist

After running a solver, the user can output the displacements for a selected frequency, time or loading case, exactly as the
output of the solver when the PRINTING level is set to 1 or more. You can also output the displacement for several specific

nodes and degrees of freedom for all frequencies, times or loading cases. These actions are driven by the program ATLIST.



1.8.4 Tmono, Tdip2

For active and/or radiating structures, in case the directivity patterns file (.PAT file) is accidentally deleted or corrupted, the
user does not need to rerun the job. Because all valuable data is saved in the .SY4 file, the directivity patterns file can be
recreated with the programs TDIP2 (2D structures, extrapolation method) or TMONO (when the fluid dampers stand in the
far field).

1.8.5 Trpcp, Trpcp2

For active structures, in case the parallel impedance file ((RPCP file) is accidentally deleted or corrupted, the user does not
need to rerun the job. Because all valuable data is saved in the .SY4 file, the impedance file can be recreated with the program
TRPCP. Alternatively, if the symmetries detected by the solver are incorrect, the user can force the symmetry factor with the
help of the TRPCP2 program.

1.8.6 Sy4topst

ISOVAL requires the data stored in the post-processing file .pst. This file is generated by ATILA if a GENERATION PST
entry has been provided in the .ati data file before using the solver (see Section 3.3.12). If this command does not appear in
the .ati file, it is possible to recreate the .pst file using the program sy4topst. Nevertheless, the stresses cannot be calculated

using sy4topst. In that case, the user has to run the solver again.
1.8.7 Sy4tosup

This program gives the parameters that are used in modal superposition and represents the transducer with the help of an
equivalent electrical circuit. Performing an ANALYSIS MODAL of an in-vacuum structure with ATILA gives the resonance
frequencies, noted fr(m) and the corresponding displacement fields, noted U,,4(n,m), where m is the mode number of the
finite element analysis ( 1 <m < NLOAD) and n is the reference node number of the finite element mesh ( | <n<N ) ; N
is the total number of nodes in the structure. Then, the in-vacuum structure behavior can be represented by an equivalent
electrical circuit, where the CO blocked capacitance is in parallel with NLOAD branches. Each branch represents one mode
and contains a capacitance C(n,m)Nz(n,m) in series with an inductance L(n,m)/Nz(n,m), whose values are independent of the
node number n. Using the sy4tosup button, for a given node number, the program gives the values of N(n,m), C(n,m) and L
(n,m). Then, the program uses the parameters of the equivalent electrical circuit to recalculate the resonance and the
antiresonance frequencies of the structure. If these frequencies are not equal to the resonance and antiresonance frequencies
given by an ANALYSIS MODAL RESANTIRES, it means that not enough NLOAD branches are taken into account in the
equivalent electrical circuit. Thus, the user has to run the problem again an ANALYSIS MODAL with a higher number of
NLOAD.

1.8.8 SydtoHar

Using the modal superposition that has been performed with an ANALYSIS MODAL, sy4tohar calculates the displacement

at a given node and at a given frequency from the data of the equivalent electrical circuit.
1.8.9 Ceepo, Cdisp

When dealing with modal analysis of periodic materials, some useful information may be extracted from raw data: dispersion
curves can be deduced from the different wave numbers and associated frequencies by careful ordering (program CDISP); the
phase speed and mean polarization of each wave number and associated frequencies can be calculated (program CELEPO);
from the low-frequency limit of longitudinal and transversal waves, a set of equivalent orthotropic material constants can be
extracted.
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1.8.10 Options

The Options command changes the language (English or French). It defines the language used for the entry input and output.

In France, the default language is French; in other countries, it is English.
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2 DESCRIPTION OF THE FIELDS OF APPLICATION

2.1 General Formulation

This section describes the general formulation used in ATILA to model piezoelectric, electrostrictive” and magnetostrictive
transducers radiating into a fluid, and provides a complete list of the possible types of analyses. Each type is then described in

more detail in the following sections.

Open Exterior Fluid Domain

Fluid-Structure Interfaces

Thermal Convection Interfaces

~a—___ Non Reflecting Boundary S

Active Domain

(Piezoelectric, Electrostrictive or
Magnetostrictive) and/or

Heat Generation and Thermal Conduction

Closed Interior Fluid Domain

Elastic Domain and/or
Heat Generation and Thermal Conduction

2.1.1 Modeling of Elastic, Piezoelectric or Magnetostrictive Structures

To model a radiating elastic, piezoelectric or magnetostrictive structure using ATILA, the finite-element mesh must contain
the structure as well as part of the fluid domain, as shown in the figure above. The mesh of the structure under study and a part
of the space surrounding it are necessary when modeling a magnetostrictive structure. This is not necessary for piezoelectric
structures because common piezoelectric materials have a high relative permittivity. The piezoelectric materials are driven by
electrodes (sets of electrically connected nodes) generating an electric field. The magnetostrictive materials are driven by a



magnetic field induced by sets of coils, each set being supplied by an electric current. The total magnetic field H can be

broken up as:
H=Hs+Hr

Hs is the magnetic field created by the source currents (the coils are not modeled) in vacuum:
Hs=HSIP

p. . . p. . S . . .
where I is the source current in the p" set of coils. Hs' is pre-determined for each coil using a classical Biot-Savart numerical

integration. Hr is the irrotational component of the magnetic field and can be given as:

Hr=-grad ¢

where @is the reduced magnetic potential.

The unknowns are the nodal values of the displacement field U in the whole structure, the electrical potential @ in the
piezoelectric material, the reduced magnetic potential @in the magnetostrictive material and in a part of the surrounding space,
the excitation currents I in the excitation coils and the pressure P in the fluid. The equations are those of elasticity in the
structure, Poisson’s equation in the piezoelectric or electrostrictive material, Maxwell’s equations for the magnetostatic case
(flux conservation) in the magnetic domain and Helmholtz’s equation in the fluid. The electromechanical coupling is limited
to the piezoelectric, electrostrictive or magnetostrictive domains. There is no electrical interaction between these two
domains. Kinematic and dynamic continuity conditions are prescribed on the interfaces between the fluid and the structure. An
appropriate radiation condition is applied to the surface boundary that surrounds the fluid domain. The natural condition
prescribed on the external boundary of the magnetic mesh is a zero flux condition for the reduced magnetic field. The natural
condition prescribed on the external boundary of a fluid mesh is a zero of the normal derivative of the pressure.

In matrix form, the complete set of equations of the problem can be written:
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k" 1k,,] [0l [o] ol gl | -4
L N () B 0 BV R B (1) Sf = _}f @
i o] [k, I" [K,] LT e
2 2 A
—p c"w’[L]"  [0] o] [o] [H|-w’[M ] ' '
where:
u: vector of the nodal values of the components of the displacement field
[OX vector of the nodal values of the electrical potential
@ vector of the nodal values of the reduced magnetic potential
1 vector of the prescribed values of the excitation currents (one component for each coil)
P: vector of the nodal values of the pressure field
E: vector of the nodal values of the applied forces
[of vector of the nodal values of the electrical charges
f: vector of the nodal values of the reduced magnetic field flux across the magnetic domain boundary
fo: vector of the values of the reduced magnetic field flux seen by the coils (one component for each coil)

u: vector of the nodal values of the integrated normal derivative of the pressure on the surface boundary S
[Kud: stiffness matrix

[Kuo]: piezoelectric matrix



[Kug: piezomagnetic coupling matrix

[Kul: source - structure coupling matrix
[Kogl: dielectric matrix

[Kgl:  source - magnetization coupling matrix
[Kegl: magnetic (pseudo-) stiffness matrix
[Ky]: inductance matrix in vacuum

[M]:  consistent mass matrix

[H]:  fluid (pseudo-) stiffness matrix

[Mq]: consistent (pseudo-) fluid mass matrix
[L]:  coupling matrix at the fluid structure interface (connectivity matrix)
[0]:  zero matrix

angular frequency

fluid density

fluid sound speed

T v g

means transposed

A large number of analyses can be done using this general equation. ATILA can solve the following problems (quantities in

parentheses are the results):

2.1.1.1 Static Analysis

STA1: computation of the static response of an elastic structure to a concentrated or distributed force
(displacement field).
STA2: computation of the static response of a piezoelectric or magnetostrictive structure to a concentrated or

distributed force (displacement field and electrical potential).
STA3: computation of the static response of an elastic structure to a forced displacement (displacement field).

STA4: computation of the static response of a piezoelectric or magnetostrictive structure to a forced
displacement or a forced electrical potential (displacement field and electrical potential) or a forced magnetizing current
(displacement field and reduced magnetic potential).

STAS: static analysis of a hydroelastic system, i.e., a structure including a fluid domain (displacement and
pressure fields).

2.1.1.2 Modal Analysis
MOD1: modal analysis of an elastic structure (computation of the eigenfrequencies and the normal modes).

MOD2: modal analysis of a piezoelectric structure (computation of the resonance and anti-resonance
frequencies and the normal modes for different electrical boundary conditions).

MOD3: modal analysis of a magnetostrictive structure (computation of the resonance and anti-resonance
frequencies and the normal modes for different electrical boundary conditions).



MOD4: modal analysis of a closed fluid domain under zero pressure and/or zero flux boundary conditions
(computation of eigenfrequencies and normal modes).

MODS5: modal analysis of a hydroelastic system, i.e., a structure including a fluid domain (computation of
eigenfrequencies and normal modes).

MODG6: modal analyses of a one- or two- or three-dimensional periodic passive structure (for given wave vectors,
computation of eigenfrequencies and normal modes)

MOD?7: modal analyses of a one- or two- or three-dimensional periodic active structure (for given wave vectors,
computation of eigenfrequencies and normal modes)

2.1.1.3 Harmonic Analysis

HAR1: harmonic analysis of an in-vacuum elastic structure (for a given frequency, computation of the
displacement field in the structure).

HAR2: harmonic analysis of a non-radiating piezoelectric or magnetostrictive structure (for a given frequency,
computation of the displacement field, the electrical potential, the reduced magnetic potential and the electrical
impedance of the structure).

HARS: computation of the pressure field radiated in an infinite fluid space by a vibrating surface where the
displacement field is known at all points.

HAR4: harmonic analysis of an elastic structure driven by a force or a prescribed displacement, radiating in an
infinite fluid space (for a given frequency, computation of the pressure and displacement fields).

HARS5: harmonic analysis of a piezoelectric or magnetostrictive structure electrically driven and radiating in an
infinite fluid space (for a given frequency, computation of the pressure field, displacement field, electrical potential,
reduced magnetic potential and the electrical impedance of the structure).

HARG6: harmonic analysis of an elastic or piezoelectric or magnetostrictive structure excited by an impinging
wave (for a given frequency, computation of the pressure field, the displacement field, the electrical potential and the
reduced magnetic potential).

HAR?7: harmonic analysis of the diffraction of a plane-wave by a one- or two-dimensional periodic elastic
structure (for a given frequency, computation of the pressure field, the displacement field and the reflection and
transmission coefficients).

HARS: harmonic analysis of a one- or two-dimensional periodic piezoelectric structure (for a given frequency,
computation of the pressure field, the displacement field, the reflection and transmission coefficients, the free-field
voltage sensitivity or the transmitting voltage response).

HAR9: harmonic analysis of a radiating piezoelectric or magnetostrictive structure using a coupled FEM-BEM
method (for a given frequency, computation of the displacement field and the electrical impedance of the structure).

2.1.1.4 TRANSIENT ANALYSIS

TRAA1: transient analysis of an in-vacuum elastic structure driven by external forces (for a given time,
computation of the displacement field in the structure).



TRA2: transient analysis of an in-vacuum piezoelectric or magnetostrictive structure driven by external forces
(for a given time, computation of the displacement field, the electric potential and the reduced magnetic potential).

TRAS3: transient analysis of an in-vacuum piezoelectric or magnetostrictive structure electrically driven (for a
given time, computation of the displacement field, the electric potential and the reduced magnetic potential).

TRA4: transient analysis of a piezoelectric or magnetostrictive structure electrically driven and radiating in an
infinite fluid space (for a given time, computation of the pressure field, the displacement field, the electric potential and
the reduced magnetic potential).

2.1.15 ELECTROSTRICTIVE MATERIALS

STEST1: The first step is a static analysis of a electrostrictive structure, for which prescribed voltages, electric
charges or stresses are given. The results provide the working point of the structure ; these are stored in a file of
extension .sst.

TRAES1: The second step is a transient analysis of a electrostrictive structure, where voltage sinus or steps are
used as excitations or chargesinus or steps are used as loads, representing values added to the initial static prescribed
ones. The file of extension .sst, compatible with the first step analysis, must exist and be readable. The Central
Difference Method is used in this case.

2.1.1.6 Thermal modelling of Elastic and Piezoelectric Material

Two kind of steady state thermal modelling can be performed using ATILA, the first classical consisting in calculating the
temperature field according to prescribed temperatures and thermal convection interface, and the second in calculating the

temperature field due to heat generated from material losses (see 2.1.4).

The system of equations is written as :

i, o]l Lol |

where:

[K T} : conductivity matrix

[K h] : convection matrix

T: vector of the nodal values of temperature,
Qe vector of the nodal values of hesat flux due to convection,
q: vector of the nodal values of heat flux,

Q:

vector of the nodal values of heat flux due to dissipated power density,



Q is calculated from the dissipated power density due to material losses as defined by Holland [].

Example of thermal analysis:
THARL1: A two-step analysis is performed whereby the electro-mechanical behaviour is first computed for an
harmonic analysis, and the resulting dissipated power is then applied as a heat generator to determine the resulting
temperature of the system for a steady state solution (firstly displacement field and electric field, and then temperature
field).

2.1.2 MODELING OF PERIODIC STRUCTURESWITH 1D OR 2D PERIODICITY
ATILA models structures having a one- or two-dimensional periodicity for radiation or scattering problems. In this case, the

space is divided into 3 domains: domains I and III, which are semi-infinite and homogeneous fluid domains, and domain II,
which includes the periodic structure and a portion of the near-field fluid (see figure below).
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Region II is modeled using finite-elements and the user must supply the mesh for a unit cell. In Regions I and III, the pressure
field is expanded on a plane-wave basis, homogeneous or evanescent, and is automatically generated. The matrix formulation
of this problem includes the continuity conditions between different way of representing the pressure field at the I/II and II/III
interfaces as well as Bloch-Flocquet conditions between successive unit cells. The computation of transmission and reflection
coefficients assumes that only the specular components propagate to infinity.

2.1.3 MODELING OF PERIODIC STRUCTURESWITH 1D, 2D OR 3D PERIODICITY

ATILA models structures having a one-, two- or three-dimensional periodicity and no losses for eigenvalue problems. For a
given wave vector, the code computes eigenfrequencies and normal modes. The angular frequency w is a periodical function
of the wave vector; thus the problem can be reduced to the first Brillouin zone. Dispersion curves can be built varying the
wave vector on the first Brillouin zone.

2.1.4 Modeling Internal L osses

In ATILA, losses in active or passive materials can be taken into account by using complex physical constants such as:

s=§ +j¢

for a physical constant s. This is possible for nearly all the elements (see Chapter 1.4) The user must ensure the coherence of
the tensors (standard inequalities between real and imaginary parts. See for example: R. HOLLAND, “Representation of
Dielectric, Elastic and Piezoelectric Losses by Complex Coefficients,” IEEE, SU14, 18-20 (1967)). Furthermore, the user must
take into account the changes in these parameters with frequency, if necessary, by updating the data file.



In the following sections, each type of analysis is described in detail. Part IV describes some test examples furnished with the
ATILA code.

2.1.5 Transient analysis methods

In this analysis, the matrix equation (1) becomes:
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where Jand ®denote the first and second time derivative, respectively. K’ and K" denote the real and imaginary parts of K
respectively. wy is the pulsation at which the materials losses are provided. The preceding system of equations may be
rewritten as follows:

|A|%+|B]x+|c|x=Y
This differential equation is solved by an iterative method, taking a constant time step Ar ; the successive values of X and Y
are noted X, and Y, and correspond to values calculated at the time n/\r. Three methods are implemented in ATILA: the

Central Difference Method, the Newmark Method and the Wilson-0 Method.
Both methods are based on the same algorithm to calculate Z:

(k—1)

[A]+a1h[B}+a2hz[C])Z:Xn+l—[C}()_(n+khXn+b1Xn)—[B] kX +b X +

2h

Z and the values of a;, a,, b, by, k, [ and h depend on the chosen method and are explained below.
2.1.5.1 TheCentral Difference Method

This method consists in using a second order (parabolic) interpolation along the time axis and deriving the first and second
order derivative from it:



Replacing these values in the equation (2) above written at time step n leads to the following parameter values:
; = Xnﬁ]_/Atz, ay,= ]/2, oo, = bl,: bz, =k=1=0and h=At.

Assuming that the initial first derivative of X is zero, the algorithm is supplied with an initial value of X ;:

X_1=X0+D7t2[A]_1(Y0—[c]X0)

This method is conditionally stable, i.e., knowing the highest eigenfrequency f,.. of the lossless system of equations, the time
step must satisfy:

2.1.5.2 The Newmark Method

This method consists in using a truncated Taylor series expansion of X,.; and its first derivative:

D_t3 Xn-&-l_Xn

Dt

X =X +DtX +—X +(6b)
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n+l —n T n 2 Dt

The parameters 3 and Y may be arbitrarily chosen, but some are more appropriate than others. Introducing these equations in
equation (2) above written at time step n+1 leads to the following parameter values:

Z=X a,=V, &, = B, by,= (1-2B)AtZ/2, by, = (1-y)At, k =1 = L and h = At.

= T n+l?

Assuming that the initial first derivative of X is zero, the algorithm is supplied with an initial value of X 0"

Y —|c|x

% =[a] |y,

0

0

This method will be unconditionally stable, provided that the following inequalities are satisfied:
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where f... is the highest eigenfrequency of the lossless system of equations. Note that a value of y > %2 introduces a numerical
damping, which is generally avoided. Names are given to usual couples of (V,B): (1/2,0) stands for the Central Explicit
Difference Method, (V2,%) for the Average Acceleration Method, (Y2, ]/6) for the Linear Acceleration Method.



2.1.5.3 TheWilson-6 Method

This method is very similar to the Newmark Method, except that the equations (3) are first written for the time step n+0, 021,
instead of n+1 (At is replaced with A7) and the parameters y and [ are respectively set to %2 and /6. Once X,,., and its first and
second time derivatives are calculated as above, a linear interpolation between X, and X,.., gives the solution X,.::

X +(g-1)X
_ ntgqg n
Xn-H_
q
X +(g-1)X
: _ ntgq n
)_(n+1_
q
X +(g-1)X
$ _ ntgq n
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This leads to the following parameter values:
Z:Xn+q s an= 02, ay= 6/6, b,= GAC/3, b, = 00i/2, k = 1, | = Band h = 64,
The stability of this algorithm is more difficult to determine, but is proven for values of 0 greater than 1.366.
Important note :
Extending these algorithms to piezoelectricity or magnetostriction may lead to inaccurate results, because of the quasi-static

nature of electrical degrees of freedom: the matrix [A] of equation (2) becomes singular, f,.. tends to infinity. In the case of the
Central Difference Method, the implemented algorithm can deal with this, provided that the loss matrix [B] contains elastic

losses only, i.e., [KMF]’[Kuf]’ [K;I], [Kff], [Kﬂ] and [KH] are both null. In the case of the Newmark Method, a

value of y slightly greater than 0.5 will help in damping the spurious oscillations related to electric transients.



2.2 Typesof Analysis

2.2.1 STATIC ANALYSISOF AN ELASTIC STRUCTURE SUBJECTED TO A FORCE (STA1)

In this analysis, only the displacement field has to be computed and wis equal to zero. Thus, the matrix equation (1) is reduced
to:

[Ku] U =E

The user provides the loading data F. The code computes U. F must be precisely defined for the finite-element model. This
means that it must be divided by 27tif the model is axisymmetrical, and by 2 if a symmetrical plane limits the mesh. The user
must define a mesh and boundary conditions eliminating the rigid body modes that induce singularities of the system of
equations. Only one loading case can be solved at a time. Taking internal losses into account does not make physical sense in
this analysis and thus is not possible.

The applied forces can be concentrated at the nodes (see LOADS entry) or distributed by using interface elements and by

prescribing the pressure with the EXCITATIONS command. The matrix [Ky;;] is assembled and stored in a file by columns.

Gaussian algorithms are used to solve the problem, in single or double precision. It is also possible to apply a force (STA1)

and to prescribe displacements (STA3) at the same time.
2.2.2 STATIC ANALYSISOF A PIEZOELECTRIC STRUCTURE SUBJECTED TO A FORCE (STA2)

In this analysis, the system of equations is reduced to:

[Kuu] [KutP] U E

JL2] 14

dP

The user supplies the loading data F. The code computes the displacement field U and the electrical potential ®. F must be
accurately defined for the finite-element model. This means that it must be divided by 21if the model is axisymmetrical, and
by 2 if a symmetry plane limits the mesh. It is essential that the boundary conditions eliminate the rigid body modes and
ensure the uniqueness of the electrical potential (at least one electrical potential degree-of-freedom must be set to zero). Only
one loading case can be solved at a time. Taking internal losses into account does not make physical sense in this analysis and
thus is not possible. Magnetostrictive structures may also be treated by this analysis.

The applied forces can be concentrated at the nodes (see LOADS entry) or distributed by using interface elements and by
prescribing the pressure with the EXCITATIONS command. The matrices are assembled and stored in a file by columns.
Gaussian algorithms are used to solve the problem, in single or double precision. It is also possible to apply the forces (STA2)

and prescribe displacements and/or electrical potentials (STA4) at the same time.

2.2.3 STATIC ANALYSISOF AN ELASTIC STRUCTURE SUBJECTED TO A PRESCRIBED DISPLACEMENT
(STA3)

In this analysis, the matrix equation to solve is identical to that of STA1:
[Kw] U =E

The user provides the prescribed displacement on given nodes. The code computes the entire displacement field U. It is
essential that the boundary conditions eliminate rigid body modes. Only one loading case can be solved at a time. Taking
internal losses into account does not make physical sense in this analysis and thus is not possible.

Displacements are prescribed using the EXCITATIONS entry. The matrices are assembled and stored in a file by columns.
Gaussian algorithms are used to solve the problem, in single or double precision. It is also possible to apply forces (STA1) and

prescribe displacements at the same time (STA3).



2.24 ANALYSISOF A PIEZOELECTRIC STRUCTURE SUBJECTED TO A PRESCRIBED DISPLACEMENT OR
A PRESCRIBED ELECTRICAL POTENTIAL (STA4)

In this analysis, the matrix equation to solve is identical to that of STA2:

The user must provide the prescribed displacements and/or the prescribed electrical potentials on given nodes. The code
computes the displacement field U and the electrical potential ® over the entire structure. It is essential that the boundary
conditions eliminate rigid body modes and ensure the uniqueness of the electrical potential (at least one potential degree-of-
freedom must be set to zero). Only one loading case can be solved at a time. Taking internal losses into account does not make
physical sense in this analysis and thus is not possible. Magnetostrictive structures may also be treated by this analysis.

Displacements are prescribed using the EXCITATIONS entry. The matrices are assembled and stored to file by columns.
Gaussian algorithms are used to solve the problem, in single or double precision. It is also possible to apply forces (STA2) and

prescribe displacements and/or prescribe electrical potentials (STA4) at the same time.
2.25 STATIC ANALYSISOF A HYDROELASTIC SYSTEM (STAD)

In this analysis, the structure and fluid interact all along their interface. The pressure must be declared uniform in the fluid
domain (or in each distinct fluid domain if several exist). The fluid surfaces that are not in contact with the structure must then
support a zero pressure or zero flux pressure condition, as in the case of a tank. The system of equations (1) can be rewritten to
be symmetric:
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The user must provide the loading data F, -q, -f, using the LOADS entry and/or the prescribed displacements U, electric
potentials @, currents I, pressures P on given nodes using the EXCITATIONS entry. The code computes the displacement
and pressure fields over the entire structure. F, -q and -f, must be accurately defined for the finite-element model. This means
that they must be divided by 21 if the model is axisymmetrical, by 2 if the mesh is limited by a symmetry plane, etc. The user
must define a mesh and the boundary conditions, eliminating the rigid body modes associated with the singularity of the
system of equations. Only one loading case can be solved at a time. Taking internal losses into account does not make physical
sense in this analysis and thus is not possible.

The applied forces must be concentrated at the nodes (see LOADS entry). Displacements are prescribed using the
EXCITATIONS entry. The matrices are assembled and stored to file by columns. Gaussian algorithms are used to solve the
problem, in single or double precision.

2.2.6 MODAL ANALYSISOF AN ELASTIC STRUCTURE (MOD1)

In this analysis, only the displacement field is relevant and the loading vector is set to zero. The system of equations is reduced
to:



([Kul -’ [M)U=0

The code computes the eigenvalues and eigenvectors of the linear system that are the characteristic frequencies and modes of
the structure. The computation is done using real values with no internal losses. Eigenvectors are normalized such that U™ [M]
U =1, [M] acting for the meshed structure, that is including the axisymmetry factor 271 for axisymmetric structures but not
including symmetry factors induced by explicit boundary conditions.

The matrices [Ky,] and [M] are assembled and stored to file by columns. Lanczos’ algorithm is used to solve the problem. It
can be solved only in double precision. It has to be noted that:

v the retained algorithm provides the rigid body modes when they exist

v this algorithm computes the eigenvalues very accurately even when the resonance modes are very close or when
there is an ill-conditioned matrix.

2.2.7 MODAL ANALYSISOF A PIEZOELECTRIC STRUCTURE (MOD?2)

In this analysis, the system of equations is reduced to:

g
<
%
IS
<

For different electrical boundary conditions, the code computes the eigenvalues and eigenvectors of the linear system that are
the structure’s eigenvalues and eigenvectors. The computation is done using real values with no internal losses. Eigenvectors
are normalized such that U" [M] U = 1, [M] acting for the meshed structure, that is including the axisymmetry factor 2Tt for
axisymmetric structures but not including symmetry factors induced by explicit boundary conditions.

The first equation system in this section can be rewritten, isolating the electrical potentials linked to the electrodes in the
vector @ and the internal electrical potentials in the vector ®;:

[K¢¢] [Kq,,e(pe]T | ud ]T é —q
Ky, ) (K, 1 1K, T |25 0
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The short-circuit modal analysis, obtained by taking ®, = 0 for the potential of the electrodes, leads to computation of the

resonance modes. The open-circuit modal analysis, obtained by taking g = 0, leads to the computation of the antiresonance
modes. Calculating the resonance and antiresonance modes can be carried out in one step (see Section 1.3.D, ANALYSIS
entry). In this case the excitation electrodes are referenced in the EXCITATIONS entry.

The matrices are assembled and stored to file by columns. Lanczos’ algorithm is used to solve the problem. It can be done
only in double precision. It has to be noted that:

v the retained algorithm provides the rigid body modes when they exist

v this algorithm computes the eigenvalues very accurately even when the resonance modes are very close or when
there is an ill-conditioned matrix.

Remark: The electrical degrees-of-freedom are placed at the beginning of the assembled matrix. The numerical system can
differ in size from a harmonic analysis. Also, any provided mechanical excitation will be treated as blocked.



2.2.8 MODAL ANALYSISOF A MAGNETOSTRICTIVE STRUCTURE (MOD3)

In this analysis, the system of equations is reduced to:

[Kuu]—wz[M] [Ku ] [Kul] U 0
[Kuqs]T [ch«p] [K‘PI] 2= 0
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For different electrical boundary conditions, the code computes the eigenvalues and eigenvectors of the linear system that are
the structure’s eigenvalues and eigenvectors. The computation is done using real values with no internal losses. Eigenvectors
are normalized such that U" [M] U = 1, [M] acting for the meshed structure, that is including the axisymmetry factor 27t for
axisymmetric structures but not including symmetry factors induced by explicit boundary conditions.

The open-circuit modal analysis, obtained by taking I = 0, leads to the computation of the antiresonance modes. The short-
circuit modal analysis, obtained by taking f;, = 0, leads to the computation of the resonance modes. Calculating the resonance
and antiresonance modes can be carried out in one step (see Section 1.3.D, ANALYSIS entry). In this case the excitation
currents are referenced in the EXCITATIONS entry.

The matrices are assembled and stored to file by columns. Lanczos’ algorithm is used to solve the problem. It can be done
only in double-precision. It has to be noted that:

v the retained algorithm provides the rigid body modes when they exist

v this algorithm computes the eigenvalues very accurately even when the resonance modes are very close or when
there is an ill-conditioned matrix.

Remark: The electrical degrees-of-freedom are placed at the beginning of the assembled matrix. The numerical system can
differ in size from a harmonic analysis. Also, any provided mechanical excitation will be treated as blocked.

2.2.9 MODAL ANALYSISOF A CLOSED FLUID DOMAIN (MOD 4)

In this analysis, only the pressure field is concerned. Moreover, as zero pressure and/or zero flux conditions are applied on
every boundary, the components of W appearing in the equation are all zeros. Thus:

(Hl-oMg) P = 0

The code computes the eigenvalues and eigenvectors of the linear system that are the eigenfrequencies and modes of the fluid
domain. The user must remember that the zero flux condition is the natural condition of the finite-element formulation and
that it applies automatically to all boundaries, if no other condition is prescribed. This modal analysis can for example be used
to determine the frequencies associated with singularities occurring in the use of an external Helmholtz integral formulation
(irregular frequencies). The computation is done using real values with no internal losses. This type of analysis can be done
only in double precision.

2.2.10 MODAL ANALYSISOF A CLOSED HYDROELASTIC SYSTEM (MOD5)

In this analysis, the structure and the fluid interact all along their interface. The fluid domain must be closed, no radiating
element being included in this model. The fluid surfaces not in contact with the structure must then support zero pressure or
zero flux conditions. By restricting the system of equations to the displacement and pressure fields, the following is obtained:

(K l-w’M]  -[L]
—p* (L] [H]-w’[M|]

My IS
=)



The code computes the eigenvalues and eigenvectors of the linear system that are the eigenfrequencies and modes of the
structure including the fluid domain. The computation is done using real values with no internal losses.

The solid part can contain a piezoelectric or magnetostrictive material only if valid boundary conditions are imposed. The
matrix equation is then more complicated than the equation above. The nonsymmetric Lanczos’ algorithm is used to solve the
problem. The problem can be solved only in double precision.

2.2.11 MODAL ANALYSISOF A PERIODIC ELASTIC STRUCTURE (MOD6)

In this analysis, only the displacement field is relevant and the loading vector is set to zero. Only a bidimensional or
tridimensional cell of the elastic structure is meshed. The user specifies the wave vector, i.e., the wave number and the
direction of propagation of the acoustic wave, as well as the faces of the elementary cell on which the Bloch-Floquet condition
are applied (see Section 1.3.D, PERIODIC, ANGLES, WAVENUMBER entries). The system of equations is reduced to:

([Ku -’ [M)U=0

where the stiffness and mass matrices have been modified after the assembly phase to take the specific implicit boundary
conditions into account. The code computes the real eigenvalues and complex eigenvectors of the linear hermitic system that
are the characteristic frequencies and modes of the structure for the given wave number.

The matrices are assembled and stored to file by columns. Lanczos’ algorithm for hermitic matrices is used to solve the
problem. The problem can be solved only in double precision.

2.2.12 MODAL ANALYSISOF A PERIODIC PIEZOELECTRIC STRUCTURE (MOD?)

In this analysis, only a bidimensional or tridimensional cell of the active structure is meshed. The user specifies the wave
vector, i.e., the wave number and the direction of propagation of the acoustic wave, as well as the faces of the elementary cell
on which the Bloch-Floquet condition are applied (see Section 1.3.D, PERIODIC, ANGLES, WAVENUMBER entries). For
piezoelectric structures, the system of equations is reduced to:
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where the stiffness and mass matrices have been modified after the assembly phase to take the specific implicit boundary
conditions into account. The first equation system in this section can be rewritten, isolating the electrical potentials linked to
the electrodes in the vector @, and the internal electrical potentials in the vector ®;:

(K, ) 1K, 1 (KT g 4
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The short-circuit modal analysis, obtained by taking ®, = 0 for the potential of the electrodes, leads to computation of the

resonance modes. The open-circuit modal analysis, obtained by taking g = 0, leads to the computation of the antiresonance
modes. The code computes the real eigenvalues and complex eigenvectors of the linear hermitic system that are the
characteristic frequencies and modes of the structure for the given wave number. The computation is done using real values
with no internal losses. Note that this analysis is valid for magnetostrictive structures if the magnetic sources are also periodic
(i.e., a constant magnetic field).

The matrices are assembled and stored to file by columns. Lanczos’ algorithm for hermitic matrices is used to solve the
problem. The problem can be solved only in double precision.

Calculating the resonance and antiresonance modes cannot be carried out in one step.



Remark: The electrical degrees-of-freedom are placed at the beginning of the assembled matrix. The numerical system can
differ in size from a harmonic analysis.

2.2.13 HARMONIC ANALYSISOF AN IN-VACUO ELASTIC STRUCTURE (HARZ)

In this analysis, known harmonic displacements and/or forces are imposed on the elastic structure. The system of equations
becomes:

([Kul -M]) U = E

The user provides the prescribed displacements and/or forces on given nodes and the code computes the entire displacement
field. The user controls the frequency scan. The displacements and/or forces are prescribed using the EXCITATIONS and/or
LOADS commands.

The matrices are assembled and stored to file by columns. Gaussian algorithms are used to solve the problem, in single or in
double precision. The internal losses of the materials can be taken into account.

2.2.14 HARMONIC ANALY SIS OF AN IN-VACUO PIEZOELECTRIC OR MAGNETOSTRICTIVE STRUCTURE
(HAR2)

In this analysis, known harmonic loads and/or excitations are applied on the piezoelectric and/or magnetostrictive structure.
The system of equations becomes:
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The code computes the displacement field U, the electrical potential ®, the reduced magnetic potential @, the magnetic source
currents I, the electrical impedance of the structure from the electric charge q, and the magnetic flux f, seen from the coils.
The value provided for the impedance actually corresponds to the modelled structure. If the model is reduced by half or by a
quarter by symmetry, the impedance value provided by the program must be divided by 2 or 4. If the model is axisymmetrical,
the impedance value must be divided by 21t The user controls the frequency scan.

The matrices are assembled and stored in a file by columns. Gaussian algorithms are used to solve the problem, in single or
double precision. The internal losses in the materials can be taken into account.

2.2.15 COMPUTATION OF THE PRESSURE FIELD RADIATED BY A VIBRATING SURFACEWITH A KNOWN
DISPLACEMENT FIELD (HAR3)

In this analysis, the structure radiates an acoustic wave in an infinite medium and it is assumed that the displacement field is
known for each frequency. The system of equations is thus expressed in the form:
2
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The W vector defines the radiation condition applied on the external surface S limiting the fluid domain:
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where R is the radius of the boundary surface S. [D] and [D’] are obtained by assembling the damping elements on that
surface. n equals 1 for axisymmetric or 3D meshes, 2 for plain-strain meshes. The first term is the monopolar contribution
associated with a spherical (n=1) or cylindrical (n=2) wave impedance condition, and the second term is the dipolar
contribution. The damping term can be written:

pc’¥= [ G] P
where [G] represents a complex linear operator that is frequency dependent. Consequently:
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The user must provide U and the excitation frequency. The code computes P. The radiating surface on which [G] is computed
is a spherical (n=1) or cylindrical (n=2) surface, the center of which corresponds to the acoustical center of the radiation field.
Its radius is determined by the user to ensure the convergence of the computation. If the damping elements are monopolar, the
boundary surface must be in the far field. If the elements are dipolar, the boundary surface can be in the near field. In this case,
the information on the far field is not available until an appropriate post-processing is done by the TDIP2 program (see
Section 1.6.C).

To define U, the EXCITATIONS entry must be used (see Section 1.3.D) to specify the values of the displacement for each
interface degree-of-freedom on the solid. The matrices are assembled and stored to file by columns. Gaussian algorithms are
used to solve the problem, in single or in double precision. Internal losses can be taken into account.

2.2.16 HARMONIC ANALYSISOF A RADIATING ELASTIC STRUCTURE (HAR4)
Using the operator [G] described in the preceding paragraph, the system of equations can be written:
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The user must specify the excitation frequency and define the prescribed excitations and/or loads located on the nodes (see
section 1.3.D., EXCITATIONS and LOADS entries). The code computes the real and imaginary parts of the displacement
and pressure fields. It is possible to restart with new excitation frequencies without the need for a new assembly phase. In this
case, the number of cases of loading must remain unchanged, but the number of computation frequencies can be smaller than
the initial number of frequencies (see Section 1.3.D., FREQUENCY and NLOAD entries).
After symmetrization, the system can be written:
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The matrices are assembled and stored in a file by columns. Gaussian algorithms are used to solve the problem, in single or
double precision. The internal losses of materials can be taken into account. The information about the damping elements, the
conditions on the boundary, the near field and the far field, presented in HARS3, still apply.

2.2.17 HARMONIC ANALYSISOF A RADIATING PIEZOELECTRIC OR MAGNETOSTRICTIVE STRUCTURE
(HARS)

Using the operator [G] described in HAR3, the system of equations is written:
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The system of equations is symmetrized in the form:
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The user provides the excitation frequency and usually defines the currents in the coils. The code computes the real and
imaginary parts of the entire pressure and displacement fields, the reduced magnetic potential and the electrical impedance.
The user must provide the excitation frequency and define the prescribed excitations and/or loads (see section 1.3.D.,
EXCITATIONS and LOADS entries). The code computes the real and imaginary parts of the entire pressure and
displacement fields, the electrical potential @, the reduced magnetic potential @, the currents in magnetic sources I and the
electrical impedance of the structure from the electric charge q and the magnetic flux f, seen from the coils. The value
provided for the impedance corresponds to the structure actually modelled. If the model is reduced to a half or a quarter by
symmetry, the impedance value provided by the program must be divided by 2 or 4. If the model is axisymmetrical, the
impedance value must be divided by 2Tt

The matrices are assembled and stored in a file by columns. Gaussian algorithms are used to solve the problem, in single or
double precision. The internal losses of materials can be taken into account. The information given in HAR3 on damping

elements, conditions of near field and far field on the boundary surface is still valid.

2.2.18 HARMONIC ANALYSISOF AN ELASTIC OR PIEZOELECTRIC OR MAGNETOSTRICTIVE
STRUCTURE EXCITED BY AN IMPINGING WAVE (HAR®6)

The pressure P and the flux pczg are split in two parts: the incident pressure P; and flux pczgi and the elastic scattered

pressure P, and flux pczﬂs. Since P; is known, the corresponding terms can be moved to the right hand side of the set of
equations. Also, W; can be expressed in terms of the nodal values of the pressure normal derivative:
OP.
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where [D] is a matrix already provided by the damping elements (see HAR3). Using the operator [G] described in HAR3, the

system of equations is written, in symmetric form:
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is possible to apply simultaneously several prescribed excitations (electrical potentials, displacements, pressures, currents in
the magnetic sources) and/or loads (force, electrical charge). The user must provide the excitation frequency and define the
prescribed excitations and/or loads (see section 1.3.D., EXCITATIONS and LOADS entries) and the incident pressure field
via a C or Fortran function INCPRE (see 1.3 command PRESSURE). The code computes the real and imaginary parts of the
entire pressure and displacement fields, the electrical potential, the reduced magnetic potential, the excitation currents, and the
electric impedances. The information given in HAR3 on damping elements, conditions of near field and far field on the
boundary surface is still valid.

2.2.19 HARMONIC ANALYSISOF THE SCATTERING OF A PLANE-WAVE BY A PERIODIC ELASTIC
STRUCTURE (HAR7)

In this analysis, only a bidimensional or tridimensional elementary cell of the elastic structure and a part of the fluid domain
that surrounds it are meshed. The matrix equation is reduced to:
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where the various stiffness, mass, and connectivity matrices have been modified after the assembly phase to take into account
the specific boundary conditions and where ¥, is the normal derivative of the pressure field incident on the mesh boundary.
The single or double periodicity of the mesh is taken into account by a specific Bloch type phase relation between nodes
separated by one mesh step. On the fluid mesh boundaries, the pressure field is matched to a homogeneous or evanescent
plane-wave series expansion. It is possible to model structures with fluid on both sides or only on the front side. Different
fluids can be used on the front and the back sides.

The user specifies the frequency and the incidence angle of the incident wave as well as the symmetry planes of the
elementary cell that correspond to the Bloch condition (see Paragraph 1.3.E.2). The code computes the real and imaginary
parts of the pressure and displacement fields as well as the transmission and reflection coefficients.

The matrices are assembled and stored to file by columns. The phase relation between nodes separated by one mesh step as
well as the coupling with homogeneous and evanescent plane-waves on the mesh boundaries are incorporated into the
matrices, which then become non-symmetrical. Gaussian algorithms are used to solve the problem, in single or double
precision. The internal losses of the materials can be taken into account.

2.2.20 HARMONIC ANALY SIS OF A PERIODIC PIEZOELECTRIC OR MAGNETOSTRICTIVE STRUCTURE
(HARS)

In this analysis, only a bidimensional or tridimensional elementary cell of the solid structure and a part of the fluid domain that
surrounds it are meshed. The matrix equation is reduced to:
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where the various matrices have been modified after the assembly phase to take into account the specific boundary conditions
and where Y, is the normal derivative of the pressure field incident on the mesh boundary. The single or double periodicity of
the mesh is taken into account by a specific Bloch type phase relation between nodes separated by one mesh step. On the fluid
mesh boundaries, the pressure field is matched to a homogeneous or evanescent plane-wave series expansion. It is possible to
model structures with fluid on both sides or only on the front side. Different fluids can be used on the front and the back sides.
Two types of analyses are available: the scattering and the radiation by a periodic piezoelectric structure. In both cases, the
user specifies the frequency, the angle of the incident wave (scattering) or of observation (radiation), the position of the hot
electrode and the symmetry planes of the elementary cell that correspond to the Bloch condition (see Paragraph 1.3.E.2). The
code computes the real and imaginary parts of the pressure and displacement fields, the electrical potential, the reduced
magnetic potential and the currents in the magnetic sources. It also provides the transmission and reflection coefficients and,
for piezoelectric structures, the free-field voltage sensitivity (scattering) or the transmitting voltage response (radiation).

The matrices are assembled and stored to file by columns. The phase relation between nodes separated by one mesh step as
well as the coupling with homogeneous and evanescent plane-waves on the mesh boundaries are incorporated in the matrices
which become non symmetrical. Gaussian algorithms are used to solve the problem, in single or double precision. The internal
losses of the materials can be taken into account.

2.2.21 HARMONIC ANALYSISOF A RADIATING PIEZOELECTRIC OR MAGNETOSTRICTIVE STRUCTURE
USING A COUPLED FEM-BEM METHOD (HAR9)

In this analysis, finite-element modeling is used in association with an external boundary-element code. This code must have a
description of the solid-fluid interfaces similar to the description used in the CHIEF program (constant pressure and velocity
on each surface). First, the boundary-element code is used to solve numerically the Helmholtz equation and to compute the
mutual impedance matrix [Z] that relates pressures and velocities on the radiating surfaces:

z|v=F

Then, finite element modelling is used to solve the coupled problem. The matrix [Z] is an additional entry described in the
JOB.ZRAD file (see section 1.3.D. CHIEF entry).
Then, finite-element modelling is used to solve the coupled problem. The set of equations is:
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where [X] is a coupling matrix which prescribes the continuity of the pressure and of the velocity at the interface in an average
sense. The user usually prescribes the applied electrical potential. The code computes the displacement field, the electrical
potential, the reduced magnetic potential, the currents in the magnetic sources, the electrical impedance of the structure and
the average velocity of the radiating surfaces. The user controls the frequency scan.



Finally, the average velocities can be introduced into the boundary-element program to compute the acoustic field in the fluid
medium and to provide the transmitting voltage response and directivity patterns.

The matrices are assembled and stored in a file by columns. Gaussian algorithms are used to solve the problem, in single or
double precision. The internal losses in the materials can be taken into account. More general problems including prescribed
excitations (displacements, electrical potentials, currents in the magnetic sources) and/or loads (forces, electrical charges) can

also be solved.

2.2.22 TRANSIENT ANALYSISOF AN IN-VACUUM ELASTIC STRUCTURE DRIVEN BY EXTERNAL FORCES
(TRA1)

In this analysis, known loads (forces F) are applied on the elastic structure. The system of equations becomes:

[M]Q+L[K” |U+[K |U=F

w uu uu o
0
where "and ®denote the first and second time derivative, respectively. wy is the pulsation at which the materials losses are
defined. This differential equation is solved by an iterative method, taking a constant time step Ar. Three methods are
implemented: the Central Difference Method, the Newmark Method and the Wilson-6 Method. The method, the time step and
the method’s parameters are defined with the TRANSIENT command. The code computes the displacement field U for the

requested time steps. The problem can be solved only in double precision.
2.2.23 Tansient analysis of an in-vaccum piezoelectric or magnetostrictive structure driven by external forces (TRA2)

In this analysis, known loads (forces F, electric charges g, magnetic fluxes f,) are applied on the piezoelectric or

magnetostrictive structure. The system of equations becomes:
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where "and ®™denote the first and second time derivative respectively. wy is the pulsation at which the materials losses are
defined. This differential equation is solved by an iterative method, taking a constant time step Ar. Three methods are
implemented: the Central Difference Method, the Newmark Method and the Wilson-8 Method. The method, the time step and
the method’s parameters are defined with the TRANSIENT command. The code computes the displacement field U, the
electrical potential @, the reduced magnetic potential @ and the currents in magnetic sources I for the requested time steps.
The problem can be solved only in double precision.

Important notice: the Central Difference Method algorithm does not accept losses for electric or magnetic degrees of

freedom, only for mechanical degrees of freedom. This means that the matrices [K",pl, [K"u(p], K"u1l, Kool [K"(pl],
[K"(p(p] and [K"1] must be zero.



2.2.24 TRANSIENT ANALYSISOF AN IN-VACUUM ELECTRICALLY DRIVEN PIEZOELECTRIC OR
MAGNETOSTRICTIVE STRUCTURETURE (TRA3)

In this analysis, known displacements U, electric potentials @ and currents I are applied on the piezoelectric or

magnetostrictive structure. The system of equations becomes:
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where "and ®denote the first and second time derivative, respectively. y, is the pulsation at which the materials losses are
defined. This differential equation is solved by an iterative method, taking a constant time step Ar. Three methods are
implemented: the Central Difference Method, the Newmark Method and the Wilson-8 Method. The method, the time step and
the method’s parameters are defined with the TRANSIENT command. The code computes the displacement field U, the
electrical potential ®, the reduced magnetic potential @ and the currents in magnetic sources I for the requested time steps,
together with reactions to prescribed displacements. The problem can be solved only in double precision.

Important notice: the Central Difference Method algorithm does not accept losses for electric or magnetic degrees of

freedom, only for mechanical degrees of freedom. This means that the matrices [K" ], [K"u(p], K"u1l, K" ool [K"(pI],
[K"(p(p] and [K"f] must be zero.

2.2.25 TRANSIENT ANALYSISOF AN ELECTRICALLY DRIVEN PIEZOELECTRIC OR
MAGNETOSTRICTIVE RADIATING IN AN INFINITE SURROUNDING FLUID SPACE (TRA4)

In this analysis, known displacements U, electric potentials @ and currents I are applied on the piezoelectric or

magnetostrictive structure. The system of equations becomes:
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where "and ™denote the first and second time derivative, respectively. y, is the pulsation at which the materials losses are
defined. The W vector defines the radiation condition, applied on the external surface S limiting the fluid domain, and which is
monopolar:
1 1 .
¥=———|p|P+—|D|P
pcnR pc?

where R is the radius of the boundary surface S. [D] and [D’] are obtained by assembling the damping elements on that
surface. n equals 1 for axisymmetric or 3D meshes, 2 for plain-strain meshes. This differential equation is solved by an
iterative method, taking a constant time step Ar. Three methods are implemented: the Central Difference Method, the
Newmark Method and the Wilson-8 Method. The method, the time step and the method’s parameters are defined with the
TRANSIENT command. The code computes the displacement field U, the pressure P, the electrical potential @, the reduced
magnetic potential @ and the currents in magnetic sources I for the requested time steps, together with reactions to prescribed
displacements. The problem can be solved only in double precision.

Important notice: the Central Difference Method algorithm does not accept losses for electric or magnetic degrees of

freedom, only for mechanical degrees of freedom. This means that the matrices [K",pl, [K"u(p], [K"u1ls K" ol [K"(pl],
[K" gpl and [K"1] must be zero.

2.2.26 ELECTROSTRICTIVE STRUCTURE

Electrostrictive elements in ATILA are based on the assumption that the induced strain is proportional to the square of the
applied electric field. The constitutive relationships initially proposed by Hom and Shankar [] is implemented in ATILA to
model the mechanical and dielectric behaviour of electrostrictive ceramics.

Non linear static and transient analysis can be carried out. Note that for transient analysis a two-step analysis must be
performed :



v The first step is a static analysis where electric potentials, electric charges or stresses are prescribed.
Results from static analysis provide the working point of the structure ; these are stored in a file of
extension .sst.

v The second step is a transient analysis, where sinus or steps voltage is used as excitation or sinus or
steps electric charge is used as loading. These excitation and loading are added to values calculated in
the first step. A file of extension .sst, compatible with the first step analysis, must exist and be
readable. The Central Difference Method integration scheme must be used for this calculation.

2.2.26.1 Static analysis (STA3)

()] |x

2.2.26.2 Dynamic analysis (transient analysis): (TRA5)
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U, ¢ ,FE Q, are respectively, the vectors of the nodal values of the displacement, the electric potential, the external force and

K K
ugp b

matrix, the electromechanical coupling matrix and the dielectric. Note that the resulting system of equations is non linear and

) , ,are respectively the stiffness

the electric charge. {J is the vector of the second derivative of U. [K »

the rigidity matrix is unsymmetrical
2.2.27 Steady statethermal analysis

In this analysis, known Temperature T and convection interface condition are applied on elastic and piezoelectric structure.
The system of equations is:

ol 5] lzl=lalfar.

K

where

Kh

is the conductivity matrix, the convection matrix, T the vector of the nodal values of temperature, gr.

T
the vector of the nodal values of thermal flux due to convection condition, and g the vector of the nodal values of thermal flux.
The user must provide the prescribed temperature on given nodes and/or convection conditions on line (two-dimensional
calculation) or surface (three-dimensional calculation). The code computes the entire temperature field.

Temperature are prescribed using the EXCITATIONS entry. Elastic and Piezoelectric material parameters must include
thermal data. The keyword THERMAL must be used at the exclusion of keywords STATIC, MODAL, MODAL
RESANTIRES, HARMONIC, HEAT LOAD, and TRANSIENT. Matrices are assembled and stored using an out-of-core
technique and LU decomposition algorithm is used to solve the system of equation.



2.2.28 Steady statethermal analysis dueto heat generated from material losses

This analysis is a combination of two analysis : harmonic analysis of a piezoelectric structure and steady-state thermal
analysis. Displacement, electric potential and pressure field are first calculated as described in 2.2.13 to 2.2.20, the dissipated
power is then calculated from material losses and applied as a heat generator to determine the resulting temperature of the
system.

In this analysis, the temperature is calculated from the dissipated power and convection interface conditions are applied on
elastic and piezoelectric structure. The system of equations is:
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where is the conductivity matrix, the convection matrix, T the vector of the nodal values of temperature, gr.. the

vector of the nodal values of thermal flux due to convection, g the vector of the nodal values of thermal flux, and Q vector of
the nodal values of heat flux due to the dissipated power. The code computes first the total displacement, pressure, electric
potential and the temperature at nodes.

The user must provide the prescribed displacement and electric potential on given nodes as described in 2.2.13 to 2.2.20 as
well as the convection condition on line (two dimensional calculation) or surface (three dimensional calculation).

As with harmonic analysis, displacement and electric potential are prescribed using the EXCITATIONS entry. Elastic and
Piezoelectric material parameters must include thermal data (see chapter xxx) but this is not yet a requirement for Fluid
materials. The keyword HEAT LOAD must be used at the exclusion of keywords STATIC, MODAL, MODAL
RESANTIRES, HARMONIC, THERMAL, and TRANSIENT as well as the FREQUENCY keyword. Matrices are assembled
and stored using an out-of-core technique and LU decomposition algorithm is used to solve the system of equation.

2.3 Physical Characteristics of the Materials Used

The physical characteristics of the materials used in the modelling are stored in the file MATER.STD. The structure of this

file corresponds to the data entries of the entry MATERIAL described in Section 1.3.D.

The standard MATER.STD file, provided with the code, follows.
AUIO 2 0.71400E+11 0.34400E+00 0.27800E+04 0.00000E+00 8.89431E-03 0.71400E+10
AUIO 2 0.85800E+03 0.23800E+03 0.23800E+03 0.23800E+03 0.00000E+00 0.00000E+00
TIND  10.26000E+10 0.30000E+00 0.16000E+04 0.00000E+00 8.53659E-03 2.11382E+07
25CD4 2 0.21500E+12 0.33000E+00 0.79000E+04 0.00000E+00 1.20558E-03 2.40000E+08
25CD4 2 0.85800E+03 0.46000E+02 0.46000E+02 0.46000E+02 0.00000E+00 0.00000E+00
45CD6 2 0.21500E+12 0.33000E+00 0.79000E+04 0.00000E+00 1.20558E-03 2.40000E+08
45CD6 2 0.85800E+03 0.46000E+02 0.46000E+02 0.46000E+02 0.00000E+00 0.00000E+00
AU4G 2 0.71400E+11 0.34400E+00 0.27800E+04 0.00000E+00 1.09400E-02 7.14000E+08
AU4G 2 0.85800E+03 0.23800E+03 0.23800E+03 0.23800E+03 0.00000E+00 0.00000E+00
AU2GN 1 0.75000E+11 0.34000E+00 0.28000E+04 0.00000E+00 1.74400E-03 1.20000E+08
TUNGS  10.34200E+12 0.26000E+00 0.17470E+05 0.00000E+00 0.00000E+00 0.00000E+00
TIGEAC 1 0.21500E+12 0.00000E+00 0.79000E+04 0.00000E+00 8.37209E-04 2.40000E+08
CU319  20.11700E+12 0.33000E+00 0.83600E+04 0.00000E+00 2.21538E-03 2.40000E+08
CU319 2 0.85800E+03 0.40000E+03 0.40000E+03 0.40000E+03 0.00000E+00 0.00000E+00
X31 13 0.00000E+00 0.00000E+00 0.73000E+04 0.00000E+00 0.00000E+00 0.00000E+00
X31 13 0.11900E-10-0.35400E-11-0.45800E-11 0.00000E+00 0.00000E+00 0.00000E+00
X31 13-0.35400E-11 0.11900E-10-0.45800E-11 0.00000E+00 0.00000E+00 0.00000E+00
X31 13-0.45800E-11-0.45800E-11 0.13800E-10 0.00000E+00 0.00000E+00 0.00000E+00
X31 13 0.00000E+00 0.00000E+00 0.00000E+00 0.45600E-10 0.00000E+00 0.00000E+00
X31 13 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.45600E-10 0.00000E+00
X31 13 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.30880E-10
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13 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.20100E-09 0.00000E+00
13 0.00000E+00 0.00000E+00 0.00000E+00 0.20100E-09 0.00000E+00 0.00000E+00
13-0.10800E-09-0.10800E-09 0.26000E-09 0.00000E+00 0.00000E+00 0.00000E+00
13 0.11400E-07 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
13 0.00000E+00 0.11400E-07 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
13 0.00000E+00 0.00000E+00 0.74500E-08 0.00000E+00 0.00000E+00 0.00000E+00
13 0.00000E+00 0.00000E+00 0.73900E+04 0.00000E+00 0.00000E+00 0.00000E+00
13 0.11700E-10-0.24400E-11-0.51100E-11 0.00000E+00 0.00000E+00 0.00000E+00
13-0.24400E-11 0.11700E-10-0.51100E-11 0.00000E+00 0.00000E+00 0.00000E+00
13-0.51100E-11-0.51100E-11 0.14900E-10 0.00000E+00 0.00000E+00 0.00000E+00
13 0.00000E+00 0.00000E+00 0.00000E+00 0.75100E-10 0.00000E+00 0.00000E+00
13 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.75100E-10 0.00000E+00
13 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.28280E-10
13 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.7 1400E-09 0.00000E+00
13 0.00000E+00 0.00000E+00 0.00000E+00 0.7 1400E-09 0.00000E+00 0.00000E+00
13-0.11300E-09-0.11300E-09 0.28200E-09 0.00000E+00 0.00000E+00 0.00000E+00
13 0.19700E-08 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
13 0.00000E+00 0.19700E-08 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
13 0.00000E+00 0.00000E+00 0.44600E-08 0.00000E+00 0.00000E+00 0.00000E+00
13 0.00000E+00 0.00000E+00 0.75000E+04 0.00000E+00 0.00000E+00 0.00000E+00
13 0.12700E-10-0.37000E-11-0.57000E-11 0.00000E+00 0.00000E+00 0.00000E+00
13-0.37000E-11 0.12700E-10-0.57000E-11 0.00000E+00 0.00000E+00 0.00000E+00
13-0.57000E-11-0.57000E-11 0.15900E-10 0.00000E+00 0.00000E+00 0.00000E+00
13 0.00000E+00 0.00000E+00 0.00000E+00 0.39000E-10 0.00000E+00 0.00000E+00
13 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.39000E-10 0.00000E+00
13 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.32800E-10
13 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.40500E-09 0.00000E+00
13 0.00000E+00 0.00000E+00 0.00000E+00 0.40500E-09 0.00000E+00 0.00000E+00
13-0.11800E-09-0.11800E-09 0.27200E-09 0.00000E+00 0.00000E+00 0.00000E+00
13 0.71200E-08 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
13 0.00000E+00 0.71200E-08 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
13 0.00000E+00 0.00000E+00 0.58300E-08 0.00000E+00 0.00000E+00 0.00000E+00
13 0.00000E+00 0.00000E+00 0.73500E+04 0.00000E+00 0.00000E+00 0.00000E+00
13 0.11400E-10-0.33900E-11-0.41000E-11 0.00000E+00 0.00000E+00 0.00000E+00
13-0.33900E-11 0.11400E-10-0.41000E-11 0.00000E+00 0.00000E+00 0.00000E+00
13-0.41000E-11-0.41000E-11 0.12600E-10 0.00000E+00 0.00000E+00 0.00000E+00
13 0.00000E+00 0.00000E+00 0.00000E+00 0.51000E-10 0.00000E+00 0.00000E+00
13 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.51000E-10 0.00000E+00
13 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.29580E-10
13 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.49100E-09 0.00000E+00
13 0.00000E+00 0.00000E+00 0.00000E+00 0.49100E-09 0.00000E+00 0.00000E+00
13-0.95500E-10-0.95500E-10 0.20800E-09 0.00000E+00 0.00000E+00 0.00000E+00
13 0.66700E-08 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
13 0.00000E+00 0.66700E-08 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
13 0.00000E+00 0.00000E+00 0.68700E-08 0.00000E+00 0.00000E+00 0.00000E+00
13 0.00000E+00 0.00000E+00 0.54500E+04 0.00000E+00 0.00000E+00 0.00000E+00
13 0.75600E-11-0.17700E-11-0.23500E-11 0.00000E+00 0.00000E+00 0.00000E+00
13-0.17700E-11 0.75600E-11-0.23500E-11 0.00000E+00 0.00000E+00 0.00000E+00
13-0.23500E-11-0.23500E-11 0.85100E-11 0.00000E+00 0.00000E+00 0.00000E+00
13 0.00000E+00 0.00000E+00 0.00000E+00 0.26500E-10 0.00000E+00 0.00000E+00



X9
X9
X9
X9
X9
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13 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.26500E-10 0.00000E+00
13 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.18660E-10
13 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.20500E-09 0.00000E+00
13 0.00000E+00 0.00000E+00 0.00000E+00 0.20500E-09 0.00000E+00 0.00000E+00
13-0.38400E-10-0.38400E-10 0.10800E-09 0.00000E+00 0.00000E+00 0.00000E+00

13 0.16600E-07 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
13 0.00000E+00 0.16600E-07 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
13 0.00000E+00 0.00000E+00 0.54200E-08 0.00000E+00 0.00000E+00 0.00000E+00

QUARTZ
QUARTZ
QUARTZ
QUARTZ
QUARTZ
QUARTZ
QUARTZ
QUARTZ
QUARTZ
QUARTZ
QUARTZ
QUARTZ
QUARTZ
LINBO3
LINBO3
LINBO3
LINBO3
LINBO3
LINBO3
LINBO3
LINBO3
LINBO3
LINBO3
LINBO3
LINBO3
LINBO3
PZT5A
PZT5A
PZT5A
PZT5A
PZT5A
PZT5A
PZT5A
PZT5A
PZT5A
PZT5A
PZT5A
PZT5A
PZT5A
PIEZO3
PIEZO3
PIEZO3

13 0.00000E+00 0.00000E+00 0.26480E+04 0.00000E+00 0.00000E+00 0.00000E+00
13 0.12776E-10-0.17939E-11-0.12214E-11 0.45045E-11 0.00000E+00 0.00000E+00
13-0.17939E-11 0.12777E-10-0.12214E-11-0.45045E-11 0.00000E+00 0.00000E+00
13-0.12214E-11-0.12214E-11 0.96175E-11 0.00000E+00 0.00000E+00 0.00000E+00
13 0.45045E-11-0.45045E-11 0.00000E+00 0.20056E-10 0.00000E+00 0.00000E+00
13 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.20056E-10 0.90090E-11
13 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.90090E-11 0.29141E-10
13 0.23069E-11-0.23069E-11 0.00000E+00 0.71823E-12 0.00000E+00 0.00000E+00
13 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00-0.71823E-12-0.46137E-11
13 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
13 0.39200E-10 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
13 0.00000E+00 0.39200E-10 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
13 0.00000E+00 0.00000E+00 0.41000E-10 0.00000E+00 0.00000E+00 0.00000E+00

13 0.00000E+00 0.00000E+00 0.47000E+04 0.00000E+00 0.00000E+00 0.00000E+00

13 0.57745E-11-0.10144E-11-0.14572E-11-0.10183E-11 0.00000E+00 0.00000E+00
13-0.10144E-11 0.57745E-11-0.14572E-11 0.10183E-11 0.00000E+00 0.00000E+00
13-0.14572E-11-0.14572E-11 0.49738E-11 0.00000E+00 0.00000E+00 0.00000E+00
13-0.10183E-11 0.10183E-11 0.00000E+00 0.16972E-10 0.00000E+00 0.00000E+00
13 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.16972E-10-0.10183E-11
13 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00-0.10183E-11 0.13578E-10
13 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.67889E-10-0.20740E-10
13-0.20740E-10 0.20740E-10 0.00000E+00 0.67889E-10 0.00000E+00 0.00000E+00
13-0.94230E-12-0.94230E-12 0.58830E-11 0.00000E+00 0.00000E+00 0.00000E+00
13 0.38900E-09 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
13 0.00000E+00 0.38900E-09 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
13 0.00000E+00 0.00000E+00 0.25700E-09 0.00000E+00 0.00000E+00 0.00000E+00
13 0.00000E+00 0.00000E+00 0.77500E+04 0.00000E+00 0.00000E+00 0.00000E+00
13 0.16400E-10-0.57400E-11-0.72200E-11 0.00000E+00 0.00000E+00 0.00000E+00
13-0.57400E-11 0.16400E-10-0.72200E-11 0.00000E+00 0.00000E+00 0.00000E+00
13-0.72200E-11-0.72200E-11 0.18800E-10 0.00000E+00 0.00000E+00 0.00000E+00
13 0.00000E+00 0.00000E+00 0.00000E+00 0.47500E-10 0.00000E+00 0.00000E+00
13 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.47500E-10 0.00000E+00
13 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.44300E-10
13 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.58400E-09 0.00000E+00
13 0.00000E+00 0.00000E+00 0.00000E+00 0.58400E-09 0.00000E+00 0.00000E+00
13-0.17100E-09-0.17100E-09 0.37400E-09 0.00000E+00 0.00000E+00 0.00000E+00
13 0.91600E-08 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
13 0.00000E+00 0.91600E-08 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
13 0.00000E+00 0.00000E+00 0.83000E-08 0.00000E+00 0.00000E+00 0.00000E+00
13 0.00000E+00 0.00000E+00 0.73500E+04 0.00000E+00 0.00000E+00 0.00000E+00
13 0.12700E-10-0.37000E-11-0.57000E-11 0.00000E+00 0.00000E+00 0.00000E+00
13-0.37000E-11 0.12700E-10-0.57000E-11 0.00000E+00 0.00000E+00 0.00000E+00



PIEZO3
PIEZO3
PIEZO3
PIEZO3
PIEZO3
PIEZO3
PIEZO3
PIEZO3
PIEZO3
PIEZO3

FLUIDE
AU4GI0

METAL
AU4P
AU4P
AU4P
AU4P
AU4P
AU4P
AU4P
AU4P
AU4P
AU4P
AU4P
AU4P
AU4P
LAIT
LAITON
25C
TIGE
25CD1I
25CD1
JM
JM
JM
JM
JM
JM
JM
JM
JM
JM
JM
JM
JM
VACUO
VIDE
JMP
JMP
JMP

13-0.57000E-11-0.57000E-11 0.15900E-10 0.00000E+00 0.00000E+00 0.00000E+00
13 0.00000E+00 0.00000E+00 0.00000E+00 0.39000E-10 0.00000E+00 0.00000E+00
13 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.39000E-10 0.00000E+00
13 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.32800E-10
13 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.40500E-09 0.00000E+00
13 0.00000E+00 0.00000E+00 0.00000E+00 0.40500E-09 0.00000E+00 0.00000E+00
13-0.95500E-10-0.95500E-10 0.27200E-09 0.00000E+00 0.00000E+00 0.00000E+00
13 0.71200E-08 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
13 0.00000E+00 0.71200E-08 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
13 0.00000E+00 0.00000E+00 0.58400E-08 0.00000E+00 0.00000E+00 0.00000E+00
1 0.22200E+10 0.00000E+00 0.10000E+04 0.00000E+00 0.00000E+00 0.00000E+00
1 0.71400E+10 0.34400E+00 0.27800E+04 0.00000E+00 0.00000E+00 0.00000E+00
1 0.71400E+11 0.34400E+00 0.28300E+04 0.00000E+00 0.00000E+00 0.00000E+00
13 0.00000E+00 0.00000E+00 0.27800E+04 0.00000E+00 0.00000E+00 0.00000E+00
13 0.14006E-10-0.48179E-11-0.48179E-11 0.00000E+00 0.00000E+00 0.00000E+00
13-0.48179E-11 0.14006E-10-0.48179E-11 0.00000E+00 0.00000E+00 0.00000E+00
13-0.48179E-11-0.48179E-11 0.14006E-10 0.00000E+00 0.00000E+00 0.00000E+00
13 0.00000E+00 0.00000E+00 0.00000E+00 0.37647E-10 0.00000E+00 0.00000E+00
13 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.37647E-10 0.00000E+00
13 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.37647E-10
13 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
13 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
13 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
13 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
13 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
13 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
1 0.98000E+11 0.33000E+00 0.84200E+04 0.00000E+00 2.64490E-03 2.40000E+08
1 0.92000E+11 0.33000E+00 0.82700E+04 0.00000E+00 0.00000E+00 0.00000E+00

1 0.92000E+11 0.33000E+00 0.82700E+04 0.00000E+00 0.00000E+00 0.00000E+00

1 0.21500E+12 0.00000E+00 0.79000E+04 0.00000E+00 0.00000E+00 0.00000E+00

2 0.42000E+11 0.33500E+00 0.18000E+04 0.00000E+00 8.82114E-03 3.41463E+08

2 0.85800E+03 0.46000E+02 0.46000E+02 0.46000E+02 0.00000E+00 0.00000E+00
13 0.00000E+00 0.00000E+00 0.91000E+04 0.00000E+00 0.00000E+00 0.00000E+00
13 0.25000E-10-0.18000E-11-0.16700E-10 0.00000E+00 0.00000E+00 0.00000E+00
13-0.18000E-11 0.25000E-10-0.16700E-10 0.00000E+00 0.00000E+00 0.00000E+00
13-0.16700E-10-0.16700E-10 0.40000E-10 0.00000E+00 0.00000E+00 0.00000E+00
13 0.00000E+00 0.00000E+00 0.00000E+00 0.18000E-09 0.00000E+00 0.00000E+00
13 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.18000E-09 0.00000E+00
13 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.53600E-10
13 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.28000E-07 0.00000E+00
13 0.00000E+00 0.00000E+00 0.00000E+00 0.28000E-07 0.00000E+00 0.00000E+00
13-0.53000E-08-0.53000E-08 0.10600E-07 0.00000E+00 0.00000E+00 0.00000E+00
13 0.56900E-05 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
13 0.00000E+00 0.56900E-05 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
13 0.00000E+00 0.00000E+00 0.27100E-05 0.00000E+00 0.00000E+00 0.00000E+00

1 0.12566E-05 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00

1 0.12566E-05 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00

25 0.00000E+00 0.00000E+00 0.91000E+04 0.00000E+00 0.00000E+00 0.00000E+00
25 0.25000E-10-0.18000E-11-0.16700E-10 0.00000E+00 0.00000E+00 0.00000E+00
25-0.18000E-11 0.25000E-10-0.16700E-10 0.00000E+00 0.00000E+00 0.00000E+00



JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP
XMAT3
XMAT3
XMAT3
XMAT3
XMAT3
XMAT3
XMAT3
XMAT3
XMAT3
XMAT3
XMAT3
XMAT3
XMAT3
XMAT3
XMAT3
XMAT3
XMAT3
XMAT3
XMAT3
XMAT3
XMAT3
XMAT3
XMAT3
XMAT3
XMAT3
XMAT4
XMAT4
XMAT4

25-0.16700E-10-0.16700E-10 0.40000E-10 0.00000E+00 0.00000E+00 0.00000E+00

25 0.00000E+00 0.00000E+00 0.00000E+00 0.18000E-09 0.00000E+00 0.00000E+00
25 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.18000E-09 0.00000E+00
25 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.53600E-10
25 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.28000E-07 0.00000E+00
25 0.00000E+00 0.00000E+00 0.00000E+00 0.28000E-07 0.00000E+00 0.00000E+00
25-0.53000E-08-0.53000E-08 0.10600E-07 0.00000E+00 0.00000E+00 0.00000E+00

25 0.56900E-05 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
25 0.00000E+00 0.56900E-05 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
25 0.00000E+00 0.00000E+00 0.27100E-05 0.00000E+00 0.00000E+00 0.00000E+00
25 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
25 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
25 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
25 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
25 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
25 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
25 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
25 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
25 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
25 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
25 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
25 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
25 0.00000E+00 8.58000E+02 0.73500E+04 0.20000E+01 0.20000E+01 0.20000E+01
25 0.11400E-10-0.33900E-11-0.41000E-11 0.00000E+00 0.00000E+00 0.00000E+00
25-0.33900E-11 0.11400E-10-0.41000E-11 0.00000E+00 0.00000E+00 0.00000E+00
25-0.41000E-11-0.41000E-11 0.12600E-10 0.00000E+00 0.00000E+00 0.00000E+00
25 0.00000E+00 0.00000E+00 0.00000E+00 0.51000E-10 0.00000E+00 0.00000E+00
25 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.51000E-10 0.00000E+00
25 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.29580E-10
25 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.49100E-09 0.00000E+00
25 0.00000E+00 0.00000E+00 0.00000E+00 0.49100E-09 0.00000E+00 0.00000E+00
25-0.95500E-10-0.95500E-10 0.20790E-09 0.00000E+00 0.00000E+00 0.00000E+00
25 0.66710E-08 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
25 0.00000E+00 0.66710E-08 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
25 0.00000E+00 0.00000E+00 0.68860E-08 0.00000E+00 0.00000E+00 0.00000E+00
25 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
25 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
25 0.00000E+00 0.00000E+00-0.85160E-12 0.00000E+00 0.00000E+00 0.00000E+00
25 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
25 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
25 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
25 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
25 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
25 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
25 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
25 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
25 0.00000E+00 0.00000E+00-0.14500E-09 0.00000E+00 0.00000E+00 0.00000E+00
25 0.00000E+00 8.58000E+02 0.73500E+04 0.20000E+01 0.20000E+01 0.20000E+01
25 0.11400E-10-0.33900E-11-0.41000E-11 0.00000E+00 0.00000E+00 0.00000E+00
25-0.33900E-11 0.11400E-10-0.41000E-11 0.00000E+00 0.00000E+00 0.00000E+00



XMAT4
XMAT4
XMAT4
XMAT4
XMAT4
XMAT4
XMAT4
XMAT4
XMAT4
XMAT4
XMAT4
XMAT4
XMAT4
XMAT4
XMAT4
XMAT4
XMAT4
XMAT4
XMAT4
XMAT4
XMAT4
XMAT4
AIR
ACIER
P189
P189
PI189
P189
P189
P189
PI189
P189
P189
PI189
P189
P189
P189
P189
P189
P189
P189
P189
P189
P189
P189
P189
P189
P189
P189
PZT4

25-0.41000E-11-0.41000E-11 0.12600E-10 0.00000E+00 0.00000E+00 0.00000E+00
25 0.00000E+00 0.00000E+00 0.00000E+00 0.51000E-10 0.00000E+00 0.00000E+00
25 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.51000E-10 0.00000E+00
25 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.29580E-10
25 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.49100E-09 0.00000E+00
25 0.00000E+00 0.00000E+00 0.00000E+00 0.49100E-09 0.00000E+00 0.00000E+00
25-0.95500E-10-0.95500E-10 0.20790E-09 0.00000E+00 0.00000E+00 0.00000E+00
25 0.66710E-08 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
25 0.00000E+00 0.66710E-08 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
25 0.00000E+00 0.00000E+00 0.68860E-08 0.00000E+00 0.00000E+00 0.00000E+00
25-0.11400E-11 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
25 0.00000E+00-0.11400E-11 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
25 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
25 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
25 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
25 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00-0.22800E-11
25 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
25 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
25 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
25 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
25 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
25 0.00000E+00 0.00000E+00-0.59140E-10 0.00000E+00 0.00000E+00 0.00000E+00

1 0.15000E+06 0.00000E+00 0.13000E+01 0.00000E+00 0.00000E+00 0.00000E+00

1 0.21500E+12 0.31000E+00 0.78000E+04 0.00000E+00 0.00000E+00 0.21500E+11

25 0.00000E+00 8.58000E+02 7.60000E+03 2.00000E+00 2.00000E+00 2.00000E+00
25 1.07400E-11-3.33000E-12-5.70000E-12 0.00000E+00 0.00000E+00 0.00000E+00
25-3.33000E-12 1.07400E-11-5.70000E-12 0.00000E+00 0.00000E+00 0.00000E+00
25-5.70000E-12-5.70000E-12 1.34200E-11 0.00000E+00 0.00000E+00 0.00000E+00
25 0.00000E+00 0.00000E+00 0.00000E+00 3.90000E-11 0.00000E+00 0.00000E+00
25 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 3.90000E-11 0.00000E+00
25 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 2.81400E-11
25 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 4.05000E-10 0.00000E+00
25 0.00000E+00 0.00000E+00 0.00000E+00 4.05000E-10 0.00000E+00 0.00000E+00
25-1.05400E-10-1.05400E-10 2.32000E-10 0.00000E+00 0.00000E+00 0.00000E+00
25 2.91743E-09 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
25 0.00000E+00 2.91743E-09 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
25 0.00000E+00 0.00000E+00 1.42185E-09 0.00000E+00 0.00000E+00 0.00000E+00
25-2.14800E-14 6.66000E-15 1.14000E-14 0.00000E+00 0.00000E+00 0.00000E+00
25 6.66000E-15-2.14800E-14 1.14000E-14 0.00000E+00 0.00000E+00 0.00000E+00
25 1.14000E-14 1.14000E-14-2.68400E-14 0.00000E+00 0.00000E+00 0.00000E+00
25 0.00000E+00 0.00000E+00 0.00000E+00-7.80000E-14 0.00000E+00 0.00000E+00
25 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00-7.80000E- 14 0.00000E+00
25 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00-5.62800E-14
25 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
25 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
25 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
25-3.69043E-11 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
25 0.00000E+00-3.69043E-11 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
25 0.00000E+00 0.00000E+00-2.99717E-11 0.00000E+00 0.00000E+00 0.00000E+00

13 0.00000E+00 0.00000E+00 0.75000E+04 0.00000E+00 0.00000E+00 0.00000E+00



PZT4 13 0.12300E-10-0.40500E-11-0.53100E-11 0.00000E+00 0.00000E+00 0.00000E+00
PZT4  13-0.40500E-11 0.12300E-10-0.53100E-11 0.00000E+00 0.00000E+00 0.00000E+00
PZT4  13-0.53100E-11-0.53100E-11 0.15500E-10 0.00000E+00 0.00000E+00 0.00000E+00
PZT4 13 0.00000E+00 0.00000E+00 0.00000E+00 0.39000E-10 0.00000E+00 0.00000E+00
PZT4 13 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.39000E-10 0.00000E+00
PZT4 13 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.32700E-10
PZT4 13 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.49600E-09 0.00000E+00
PZT4 13 0.00000E+00 0.00000E+00 0.00000E+00 0.49600E-09 0.00000E+00 0.00000E+00
PZT4  13-0.12300E-09-0.12300E-09 0.28900E-09 0.00000E+00 0.00000E+00 0.00000E+00
PZT4 13 0.64600E-08 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
PZT4 13 0.00000E+00 0.64600E-08 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
PZT4 13 0.00000E+00 0.00000E+00 0.56200E-08 0.00000E+00 0.00000E+00 0.00000E+00
AU4G40 1 0.17850E+10 0.34400E+00 0.27800E+04 0.00000E+00 0.00000E+00 0.00000E+00
EAU 1 0.22200E+10 0.00000E+00 0.10000E+04 0.00000E+00 0.00000E+00 0.00000E+00
PLC3 2 0.73000E+11 0.22000E+00 0.25400E+04 0.00000E+00 0.00000E+00 0.00000E+00
PLC3 2 0.29000E+10 0.35000E+00 0.11000E+04 0.00000E+00 0.41600E+00 0.00000E+00
TUBE6 2 0.73000E+11 0.22000E+00 0.24800E+04 0.00000E+00 0.00000E+00 0.00000E+00
TUBE6 2 0.29000E+10 0.35000E+00 0.11000E+04 0.00000E+00 0.48500E+00 0.00000E+00
TUBE8 2 0.73000E+11 0.22000E+00 0.24800E+04 0.00000E+00 0.00000E+00 0.00000E+00
TUBES 2 0.29000E+10 0.35000E+00 0.11000E+04 0.00000E+00 0.44000E+00 0.00000E+00
MATERI  10.30000E+11 0.25000E+00 0.27800E+04 0.00000E+00 0.00000E+00 0.00000E+00
MATI 1 0.10000E+12 0.30000E+00 0.30000E+04 0.00000E+00 0.00000E+00 0.00000E+00
MVOUTE 1 0.21000E+11 0.00000E+00 0.30000E+04 0.00000E+00 0.00000E+00 0.00000E+00
X51P05 25 0.00000E+00 8.58000E+02 0.73500E+04 2.00000E+00 2.00000E+00 2.00000E+00
X51P05 25 0.11400E-10-0.33900E-11-0.41000E-11 0.00000E+00 0.00000E+00 0.00000E+00
X51P05 25-0.33900E-11 0.11400E-10-0.41000E-11 0.00000E+00 0.00000E+00 0.00000E+00
X51P05 25-0.41000E-11-0.41000E-11 0.12600E-10 0.00000E+00 0.00000E+00 0.00000E+00
X51P05 25 0.00000E+00 0.00000E+00 0.00000E+00 0.51000E-10 0.00000E+00 0.00000E+00
X51P05 25 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.51000E-10 0.00000E+00
X51P05 25 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.29580E-10
X51P05 25 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.49100E-09 0.00000E+00
X51P05 25 0.00000E+00 0.00000E+00 0.00000E+00 0.49100E-09 0.00000E+00 0.00000E+00
X51P05 25-0.95500E-10-0.95500E-10 0.20800E-09 0.00000E+00 0.00000E+00 0.00000E+00
X51P05 25 0.66700E-08 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
X51P05 25 0.00000E+00 0.66700E-08 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
X51P05 25 0.00000E+00 0.00000E+00 0.68700E-08 0.00000E+00 0.00000E+00 0.00000E+00
X51P05 25-0.57000E-12 0.16950E-12 0.20500E-12 0.00000E+00 0.00000E+00 0.00000E+00
X51P05 25 0.16950E-12-0.57000E-12 0.20500E-12 0.00000E+00 0.00000E+00 0.00000E+00
X51P05 25 0.20500E-12 0.20500E-12-0.63000E-12 0.00000E+00 0.00000E+00 0.00000E+00
X51P05 25 0.00000E+00 0.00000E+00 0.00000E+00-0.25500E-11 0.00000E+00 0.00000E+00
X51P05 25 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00-0.25500E-11 0.00000E+00
X51P05 25 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00-0.14790E-11
X51P05 25 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00-0.24550E-10 0.00000E+00
X51P05 25 0.00000E+00 0.00000E+00 0.00000E+00-0.24550E-10 0.00000E+00 0.00000E+00
X51P05 25 0.47750E-11 0.47750E-11-0.10400E-10 0.00000E+00 0.00000E+00 0.00000E+00
X51P05 25 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
X51P05 25 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
X51P05 25 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
RUBAN2 13 0.00000E+00 0.00000E+00 0.91000E+04 0.00000E+00 0.00000E+00 0.00000E+00
RUBAN2 13 0.76000E-10-0.54720E-11-0.27833E-10 0.00000E+00 0.00000E+00 0.00000E+00



RUBAN?2
RUBAN?2
RUBAN?2
RUBAN?2
RUBAN?2
RUBAN?2
RUBAN?2
RUBAN?2
RUBAN?2
RUBAN?2
RUBAN2
ALU2024
ALU2024
CAU4G
CAU4G
JAJA
LAITDB
PLCA3
PLCA3
VERRE
WATER
25CD4D
25CD4D
PVCI0
DUMMY
BRONZE
BRONZE
STEEL
STEEL
X31AGS
X3IAGS
X31AGS
X3IAGS
X31AGS
X3IAGS
X3IAGS
X3IAGS
X3IAGS
X3IAGS
X3IAGS
X31AGS5
X3IAGS
X31IAGS
AGS
AG5X31
AG5X31
AG5X31
AG5X31
AG5X31
AG5X31

13-0.54720E-11 0.76000E-10-0.27833E-10 0.00000E+00 0.00000E+00 0.00000E+00
13-0.27833E-10-0.27833E-10 0.66667E-10 0.00000E+00 0.00000E+00 0.00000E+00
13 0.00000E+00 0.00000E+00 0.00000E+00 0.20606E-09 0.00000E+00 0.00000E+00
13 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.20606E-09 0.00000E+00
13 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.16294E-10
13 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.53417E-05 0.00000E+00
13 0.00000E+00 0.00000E+00 0.00000E+00 0.53417E-05 0.00000E+00 0.00000E+00
13-0.23812E-05-0.23812E-05 0.47624E-05 0.00000E+00 0.00000E+00 0.00000E+00
13 0.51380E-01 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
13 0.00000E+00 0.51380E-01 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
13 0.00000E+00 0.00000E+00 0.30270E-01 0.00000E+00 0.00000E+00 0.00000E+00
20.73100E+11 0.32500E+00 0.27700E+04 0.00000E+00 8.73984E-03 5.94309E+08
2 0.85800E+03 0.23800E+03 0.23800E+03 0.23800E+03 0.00000E+00 0.00000E+00
2 0.71400E+11 0.34400E+00 0.27800E+04 0.00000E+00 0.00000E+00 0.00000E+00
2 0.71400E+11 0.34400E+00 0.278S00E+04 0.00000E+00 0.10000E+01 0.00000E+00
1 0.14400E+10 0.00000E+00 0.10000E+04 0.00000E+00 0.00000E+00 0.00000E+00
1 0.10440E+12 0.34289E+00 0.86000E+04 0.00000E+00 0.00000E+00 0.00000E+00
2 0.73000E+11 0.22000E+00 0.25400E+04 0.00000E+00 0.00000E+00 0.00000E+00
2 0.29000E+10 0.35000E+00 0.11000E+04 0.00000E+00 0.41600E+00 0.00000E+00
1 0.73000E+11 0.22000E+00 0.25400E+04 0.00000E+00 0.00000E+00 0.00000E+00
1 0.22200E+10 0.00000E+00 0.10000E+04 0.00000E+00 0.00000E+00 0.00000E+00
2 0.21500E+12 0.33000E+00 0.75000E+03 0.00000E+00 8.78049E-03 1.74797E+09
2 0.85800E+03 0.46000E+02 0.46000E+02 0.46000E+02 0.00000E+00 0.00000E+00
1 0.41000E+10 0.40000E+00 0.14000E+04 0.00000E+00 0.00000E+00 0.41000E+09
1 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
2 1.25000E+11 3.10000E-01 7.60000E+03 0.00000E+00 8.61789E-03 1.01626E+09
2 3.70000E+02 3.90000E+02 3.90000E+02 3.90000E+02 0.00000E+00 0.00000E+00
2 2.10000E+11 2.85000E-01 7.80000E+03 0.00000E+00 8.41463E-03 1.70732E+09
2 3.00000E+02 3.00000E+01 3.00000E+01 3.00000E+01 0.00000E+00 0.00000E+00
14 0.71000E+11 0.33000E+00 0.26270E+04 0.00000E+00 0.00000E+00 0.00000E+00
14 0.00000E+00 0.00000E+00 0.73000E+04 0.00000E+00 0.00000E+00 0.00000E+00
14 0.11900E-10-0.35400E-11-0.45800E-11 0.00000E+00 0.00000E+00 0.00000E+00
14-0.35400E-11 0.11900E-10-0.45800E-11 0.00000E+00 0.00000E+00 0.00000E+00
14-0.45800E-11-0.45800E-11 0.13800E-10 0.00000E+00 0.00000E+00 0.00000E+00
14 0.00000E+00 0.00000E+00 0.00000E+00 0.45600E-10 0.00000E+00 0.00000E+00
14 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.45600E-10 0.00000E+00
14 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.30880E-10
14 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.21000E-09 0.00000E+00
14 0.00000E+00 0.00000E+00 0.00000E+00 0.21000E-09 0.00000E+00 0.00000E+00
14-0.10800E-09-0.10800E-09 0.26000E-09 0.00000E+00 0.00000E+00 0.00000E+00
14 0.11400E-07 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
14 0.00000E+00 0.11400E-07 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
14 0.00000E+00 0.00000E+00 0.75800E-08 0.00000E+00 0.00000E+00 0.00000E+00
1 0.71000E+11 0.33000E+00 0.26270E+04 0.00000E+00 0.00000E+00 0.00000E+00
14 0.71000E+11 0.33000E+00 0.26270E+04 0.00000E+00 0.00000E+00 0.00000E+00
14 0.00000E+00 0.00000E+00 0.73000E+04 0.00000E+00 0.00000E+00 0.00000E+00
14 0.11900E-10-0.35400E-11-0.45800E-11 0.00000E+00 0.00000E+00 0.00000E+00
14-0.35400E-11 0.11900E-10-0.45800E-11 0.00000E+00 0.00000E+00 0.00000E+00
14-0.45800E-11-0.45800E-11 0.13800E-10 0.00000E+00 0.00000E+00 0.00000E+00
14 0.00000E+00 0.00000E+00 0.00000E+00 0.45600E-10 0.00000E+00 0.00000E+00



AG5X31 14 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.45600E-10 0.00000E+00
AG5X31 14 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.30880E-10
AG5X31 14 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.21000E-09 0.00000E+00
AG5X31 14 0.00000E+00 0.00000E+00 0.00000E+00 0.21000E-09 0.00000E+00 0.00000E+00
AG5X31 14-0.10800E-09-0.10800E-09 0.26000E-09 0.00000E+00 0.00000E+00 0.00000E+00

AG5X31 14 0.11400E-07 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
AG5X31 14 0.00000E+00 0.11400E-07 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
AG5X31 14 0.00000E+00 0.00000E+00 0.75800E-08 0.00000E+00 0.00000E+00 0.00000E+00

The above physical constants were obtained from the following references:

v

R R < N

AN

R R < X

“American Institute of Physics Handbook”, Second edition, McGraw-Hill, (1963).

GERDSM values.

J. ROUSSEAU, « Etude de la propagation d’ondes de Rayleigh sur des milieux stratifiés »,

These de 3°™ cycle, Université des Sciences et Techniques de Lille, (1979).

P. TIERCE, « Modélisation du transducteur ISABELLE par la méthode des éléments finis », Theése de Docteur-Ingénieur,
Université de Valenciennes et du Hainaut-Cambrésis, (1985).

P. TIERCE, J.N. DECARPIGNY, « Caractérisation de céramiques piézoélectriques : détermination de leurs constantes
élastiques, piézoélectriques et diélectriques », TSMS.82.48.826.268.T pour le GERDSM (DCAN-Toulon), rapport final,
(1983).

P. TIERCE, C. GRANGER, H. TOURNEUR, Internal report, ISEN Acoustics Laboratory (1986).

J.N. DECARPIGNY, Internal report, ISEN Acoustics Laboratory (1988).

E. DIEULESAINT, D. ROYER, « Ondes élastiques dans les solides », Ed. Masson, (1974).

D.A. BERLINCOURT, D.R. CURRAN, H. JAFFE, in “Physical Acoustics, Principles and Methods”, Vol. 1 Part A, Ed. by
W.P. MASON, Academic Press, (1964).



2.3.1 Special Case of a Tangentially Polarized Piezoelectric Segmented Ring

The objective is to model a tangentially polarized piezoelectric segmented ring (Fig.1) with a bidimensional mesh such as
would be used if the structure were axisymmetric. This objective corresponds to the need to reduce the problem size when
dealing with radiation problems. The suggested method of solution is as follows:
Build the bidimensional mesh of an equivalent axisymmetric ring of the same geometric dimensions, with radial poling
Modify the elastic, piezoelectric and dielectric tensors to take into account the polarization direction change. After
transformation the initial tensor:

S15%2530 0 0 0 0 d,
S2915%30 0 0 0 0 d;
S3%3%30 0 0 0 0 dg
0 0 0 5,0 0 0 d3s0
O 0 0 0 s,0 dsO0 O
0O 0 0 0 0 0 0 O
0 0 0O O d&sO0 € ,0 O
0 0 O dsO0O O 0 € ,0
41631630 0 0 0 0 &g
becomes:
sf1sf3sf20 0 0O 0O O &1
sfssfssts 0 0 O O O s
Sfosf3sf1 0 0 0 0 O &1
0 0 0 &40 0 O dhsoO
0 0 0 O s$¢0 0O 0 O
0 0 0 O 0 sfshs50 O
0O 0 O O O dsef10 O
0 0 O s O O O €10
L d1ks3sdki1 0 0 O O O €3 3]

Modify the displacement and pressure magnitudes computed in a harmonic analysis to take into account the electrical field
amplitude difference due to the difference between the thickness of a segment and the thickness of the ring. The correct
values (subscript 3D) of the displacement u and of the pressure p are obtained from the value computed with the
axisymmetrical model (subscript 2D) by:

where d is the stave thickness and e is the ring thickness.

. Modify the electrical impedance values in the harmonic analysis to take the same effect into account. The correct
value (subscript 3D) of the impedance Z is obtained from the value computed with the axisymmetrical model (subscript 2D)
by:



Remarks
Since the potential degree-of-freedom is actually a scalar, the difference between radial and tangential poling is simply a
mechanical transformation of ratio d/e.
This way of dealing with a tangentially polarized ring can be used only if the displacement field of the real structure is nearly

axisymmetrical. It is, for example, impossible to obtain circumferential modes using this method.

Polarization direction

Fig. 1. Segmented free-flooded ring
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3 DATA FILE PREPARATION

3.1 Introduction

This chapter describes the generation of an ATILA data file, except for the information about the elements described in
Chapter 4. Automatic generation of an ATILA data file is available using the MOSAIQUE code. This generation is
described in Chapter 5.

A data file includes three different sections:
1) header

2) description of the mesh (nodes, elements, geometric properties, materials, analysis parameters, €tc.)
3) description of the boundary conditions.

All data, except the angles, must be given in MKS units or any coherent unit system deduced from the MKS system. The
angle values must always be given in degrees.

In this chapter, we always refer to a simple illustrative example and give the corresponding entries and data sets. This
example is the modal analysis of an axisymmetrical Tonpilz transducer, radiating in water. This transducer is made up of two
ceramic rings, a tail mass, and a head mass. The structure, its material properties, and the corresponding mesh are described
on the following two pages.

3.2 Description of the test example
This example corresponds to the data file described in chapter 6.

3.21 Geometry

Ceramic rings

Tailm /\ f;dmass

Nut

Prestress rod



3.2.2 Materials

Tail mass: steel 25CD4.

Ceramics: X9 (PZT rings), axially polarized.
Head mass. aluminum AUA4G.

Prestress rod: steel 25CD4.

Fluid: water.
3.2.3 Mesh
y
Dampin
W ater
X element:
OT > % 9 S
AUA4G
T
25CD4
\J
o | | | A\ .
Transducer Interface .
Elastic and piezoelectric elesheamesnts Fluid elements
3.24 Header

The header includes comments that describe the job under consideration. The entire header is automatically copied onto the
first page of every listing. The first line of the header is automatically repeated at the head of each listing page. All header
lines begin with the symbol *.

LINE 1
* LINE2

* LINEI

* LINEN
EXAMPLE:
40 KHZ TRANSDUCER

* IN-WATER HARMONIC ANALYSIS
* DIPOLAR DAMPING CONDITIONS

3.3 Description of the mesh and list of entries

We describe hereafter in alphabetic order the various entries. These entries are written in a simple free format, so it is possible
to write them in a condensed form. The free format used is specific to ATILA and is slightly different from the FORTRAN

one. Its main characteristics are:



- control characters:

‘b’ or , separatestwo words on the sameline (‘b means space).
/ or = separatestwo consecutive lines (carriage return).

?

deletes the preceding characters of the line.

when typed at the beginning of a new line, it means that thisline is acomment line. Thisline will not be printed in

alisting. If aline contains two *, the text between the two * is a comment and the remaining part of the lineis read as an

entry.
&

the following line continues the data line.

- real number syntax:

The following syntaxes, given as examples, are valid:

-1.22E+02
-1.22E2
-1E-3

-2.

3

- use of macro files

- examples:

A macro file can be included in the flow of the main file via the entry:

MACRO name

The file of name NAME and of extension MAC should exist in the current directory. It is used as if its contents
were included at the place of the MACRO entry.

If the data sequence in aprogram is. “read an alphanumeric, then two integers on the following line and finally
three real numbers on thethird line”, the following syntaxes are correct:

ALPHA

1,2

-6.,2.,3.
ALPHA=1,2
-6.,2.,3.

ALPHA/1,2=-6.,2.,3.
ALPHA /1,2/-6.,2.,3.

The different entries are listed in the table below. A YES in the column REQ means that this entry is required in all data files.
An IGNORED in that column means that this entry is recognized for upward compatibility but should not be used anymore.



ENGLISH NAME FRENCH NAME REQ  ATTRIBUTES OR PARAMETERS Page
ANALYSIS ANALYSE YES | STATIC, MODAL, MODAL RESANTIRES, HARMONIC, 73
TRANSIENT, THERMAL. (STATIQUE, MODALE, MODALE
RESANTIRES, HARMONIQUE, TRANS TOIRE)
ANGLES ANGLES NO  Anglevalues. 73
CHIEF CHIEF NO 74
CLASS CLASSE N AXISYMMETRICAL, PLSTRESS, PLSTRAIN or 75
PROPAGATION. (AXISYMETRIQUE, CONTRAINTE,
DEFORMATION ou PROPAGATION)
DEFU FABU ignored | Displacement description. 75
DYNFLEX DYNFLEX NO 75
ELEMENTS ELEMENTS YES | NAMELI MATERI NUMGEQI 75
Element topology.
Entry end: blank line.
END FIN YES 76
EQI EQI NO 76
EXCITATIONS EXCITATIONS NO Excitation description. 76
FREQUENCY FREQUENCES NO | Frequency values. 76
GENERATE GENERATION NO  SY2 SY4 PST SYSNOISE TMS ASCII or BIN 78
GEOMETRY GEOMETRIE NO NUMGEOI 78
Geometrical properties.
Entry end: blank line.
GEOMETRY GEOMETRIE NO | CARTESIAN, CYLINDRICAL or SPHERICAL 79
POLARIZATION POLARISATION (CARTES ENNE, CYLINDRIQUE ou SPHERIQUE)
NUMGEOI
Euler angles, coordinates.
Entry end: blank line.
HEAT LOAD CHALEUR NO 16
IMPEDANCE IMPEDANCE NO 184
INDUCERS INDUCTEURS NO NUMINDI 83
Inducer geometries
Entry end: blank line.
LANGUAGE LANGUE NO | FRENCH or ENGLISH or FRANCAIS or ANGLAIS 85
LOADS CHARGEMENTS NO L oad description. 85
LOSSES PERTES NO 85
MASS MASSE NO 86
MATERIAL MATERIAUX NO MATERI 87
Material properties.
Entry end: blank line.
MATRICES MATRICES NO 92
NEWAXES NOUVEAUREPERE NO | CARTESIAN, CYLINDRICAL or SPHERICAL 92
(CARTES ENNE, CYLINDRIQUE ou SPHERIQUE)
X0 YO Z0 OZZ OYY OXX
NLOAD NCHARGE NO | NLO 93
NODES POINTS YES | Node coordinates 93
Entry end: blank line.
PERIODIC PERIODIQUE NO | 1D, 2D or 3D 94
N1 N2 N3 N4
PRECISION PRECISION NO SINGLE or DOUBLE (SIMPLE ou DOUBLE) 96
PRESSURE PRESSION NO TOTAL or SCATTERED (TOTALE ou DIFFRACTEE) 96
PRINTING IMPRESSI ON NO NPR 97
RADIATION RAYONNEMENT NO  MONOPOLAR or DIPOLAR (MONOPOLAIRE ou | 97
DIPOLAIRE)
SCALE ECHELLE NO EX EY EZ 97
SHIFT SHIFT NO FSHIFT 97




STRESS CONTRAINTES NO no attribute or PRINCIPAL. 98
SYSNOISE SYSNOISE NO MODAL or DIRECT, ASCII or BIN 98
THERMAL THERMIQUE NO 98
TRANSIENT TRANSITOIRE NO(Z) METHOD NS NSKIP AT FL PAR1 PAR2 98
WAVE NUMBER NOMBRE D'ONDE NO(3) NK VKBEG VKFIN 98

1
) This entry is required for a bidimensional mesh.
) This entry is required for a transient analysis.

) This entry is required for a modal analysis of a periodic material.
In the following description of the entries, the symbol [ ] is used to indicate additional attributes to be entered on the same line.
Only one of these attributes must be used at a time. Parameters following the entry name must be entered on a separate line, as
indicated.

3.3.1 ANALYSIS [STATIC, MODAL, MODAL RESANTIRES, HARMONIC, TRANSIENT]

This required entry defines the type of analysis that is requested (see Chapter 1.2). The parameter term MODAL
RESANTIRES allows the computation of the eigenfrequency values for resonance and antiresonance of a piezoelectric or
magnetostrictive structure (not including a fluid domain) in a single run. The MODAL, MODAL RESANTIRES and
TRANSIENT analyses are available only in DOUBLE precision.

Example:

ANALYSISHARMONIC

N.B. In this example and in the following ones, the plus sign (+) shows the line start. It must not be written in the data file.

3.3.2 ANGLES

Al A2 A3 ... AN

In the case of a harmonic analysis of a periodic structure, this entry defines the successive values of the angles of the incident
wave for a scattering problem or of the angles of observation for a radiation problem.

3.3.2.1 One-dimensional periodicity

For one-dimensional periodicity, the structure is described by a two-dimensional mesh. The periodicity direction is
considered along the global Ox axis. The mesh boundaries must be straight lines parallel to Ox and Oy. The angle goes
clockwise from Oy. For scattering, the incident wave propagates along increasing y. For radiation, the direction of
observation is along decreasing y. The number of loading cases NLO (entry NLOAD) must equal the number of frequencies
(entry FREQUENCY) multiplied by the number of angle values.

3.3.2.2 Two-dimensional periodicity

For two-dimensional periodicity, the structure is described by a three-dimensional mesh. It is required that the periodicity
directions are along the global axes Ox and Oy. The mesh boundaries must be planes parallel to xOz, yOz, and xOy. For
scattering, the incident wave propagates along increasing z. For radiation, the direction of observation is along decreasing z.
They are defined by two angles 0 and ¢, given in this order, as represented in the next figure. 0 is the angle between the
incident wave vector and the normal to the structure (Oz). ¢ is the angle between the wave vector projection in the xOy plane



and the Ox axis. The number of loading cases NLO (entry NLOAD)
must equal the number of frequencies (entry FREQUENCY) multiplied
by the number of incident directions (number of angle values divided by
two).

In the case of a modal analysis of a periodic structure, this entry defines

the successive values of the direction of propagation.

3.3.2.3 One-dimensional periodicity

For one-dimensional periodicity, no angle is required, as the direction of

propagation is the direction of the periodicity direction.
3.3.24 Two-dimensional periodicity

For two-dimensional periodicity, the material is described by a two- or three-dimensional mesh. The periodicity directions
must lie in the xOy plane. The trace of the unit cell in any xOy plane must be a parallelogram. The direction of propagation is
defined by one angle measured clockwise from the Oy axis.

3.3.25 Three-dimensional periodicity

For three-dimensional periodicity, the material is described by a three-dimensional mesh. The unit cell must be a
parallelepiped. The direction of propagation is defined by two angles 8 and @, given in this order. 8 is the angle between the
wavevector and the Oz axis and @1is the angle between the wavevector projection on the xOy plane and the Ox axis.

3.3.3 CHIEF

This entry specifies that a coupled finite-element/boundary-element analysis will be performed. The radiating surfaces
prescribing the coupling are defined in the ELEMENTS command using specific elements (see Section 1.4.B). The mutual
impedance matrix associated with these surfaces is an external entry and is required for this type of analysis. This matrix is
described in FORTRAN free format in a JOB.ZRAD type file (formatted, 80 columns) as follows:

ZR1(1,1) ZR1(1,2) ZR1(1,3) ZR1(1,4) ZR1(1,5)
ZR1(L,6) ovrereerriirieieerere s First frequency
............ ZR1(NSURF,NSURF)

Z11(1,1) zI11,2) z11(1,3) Z11(1,4) Z11(1,5)

ZIL(L,6) oo First frequency

ZRi(1,1) ZRi(1,2) ZRi(1,3) ZRi(1,4) ZRi(1,5)
ZRi(1,6) oo ith frequency
o ZRI(NSURFNSURF)

Z1i(1,1) Z1i(,2) Z1i(3,3) Zli(1,4) ZIi(1,5)

ZII(1,6) v ith frequency



ZRn(1,1) ZRn(1,2) ZRn(1,3) ZRn(1,4) ZRn(1,5)
ZRN(1L,6) oo Last frequency

............ ZRn(NSURF,NSURF)
ZIn(1,1) ZIn(1,2) ZIn(1,3) ZIn(1,4) ZIn(1,5)
ZIN(1,6) ooiiiiiieeeeeee e Last frequency

where the ZR (resp. ZI ) are the terms of the real (resp. imaginary) part of the [Z] matrix. For an axisymmetrical mesh, the
terms of the [Z] matrix are given for aunit angle. The ordering of the surfaces in the matrix has to be the same as the ordering
of the coupling elements in the JOB.ATI file. NSURF is the number of radiating surfaces. Its maximal value is 500.

Note that this entry is mutually exclusive from the DYNFLEX, EQI and MATRICES entries and is available only for a
harmonic analysis.

3.3.4 CLASS [AXISYMMETRICAL, PLSTRAIN, PLSTRESS, PROPAGATION]

This entry specifies, if necessary, that the analysis corresponds to an axisymmetrical, a plane stress, a plane strain or a
propagation model. It is needed only if 2D elastic elements are used, but then it is required.

For an axisymmetrical analysis, the global Ox axis must be the symmetry axis.

EXAMPLE:
. CLASSAXISYMMETRICAL
3.3.5 DEFU
d1 U1
dI Ul
dN UN
BLANK LINE

This entry has no meaning (obsolete) and is ignored. It is available only for compatibility with previous versions and will not
be available in future versions. Its use is replaced with the EXCITATIONS command.

3.3.6 DYNFLEX

This entry indicates that the dynamic flexibility matrix, which relates forces to velocities on ATILA-CHIEF interface
elements, must be calculated and stored in a file for use with external programs. No other computation is done.

Note that this entry is mutually exclusive from the CHIEF, EQI and MATRICES entries and is available only for a harmonic
analysis.

3.3.7 ELEMENTS

NAMEL1 materl numgeol
nAl nA2 nA3 ... nAp

nK1 nK2 nK3 ... nKp
BLANK LINE



NAMELN materN numgeoN
nL1 nL2 nL3 ... nNq

nrl nr2 nr3 ... nrq

BLANK LINE

BLANK LINE
This entry enables the code to input each element topology, according to the directions for use in Chapter 1.4. The set of
parameters for each element type must be closed by a blank line. Moreover, the entry parameter list must also be closed by a
blank line.
The elements are assembled in the sequential order of this entry parameter list. NAMELI is the element type, MATERI and
NUMGEQOI are given or not, depending upon the element type (see Chapter 1.4). They correspond to the MATERIALS and
GEOMETRY entries; NXJ are node numbers.

EXAMPLE:

. ELEMENTS
+ QUADOSE 25CD4
+13682457
+6 81113 7 91012
+

etc...
3.3.8 END

Marks the end of the mesh description and the end of the list of entries.
EXAMPLE:

END
3.39 EQI

This entry specifies that a coupled finite-element/boundary-element analysis will be performed. The radiating surfaces
prescribing the coupling are defined in the ELEMENTS command using specific elements (see Section 1.4, elements
LINEO3Z, TRIA06Z and QUADO8Z).

Note that this entry is mutually exclusive from the CHIEF, DYNFLEX and MATRICES entries and is available only for a
harmonic analysis.

3.3.10 EXCITATIONS

N1 DEG1 EXCIR EXC1I

NM DEGM EXCMR EXCMI

BLANK LINE
This entry enables the user to prescribe displacements, potentials or other degrees-of-freedom with known values. Accepted
entries for DEGI are given in the following table:

UX = displacement along OX
vy = displacement along OY
uz= displacement along OZ

THETAX = rotation around OX



THETAY = rotation around OY

THETAZ = rotation around OZ
PRESSURE (PRESSION) = pressure
ELECPOT (PHIELEC) = electric potential
MAGNPOT (PHIMAGN) = magnetic potential
TEMPERATURE = temperature

CURRENT1 to CURRENT9

(COURANT1 a COURANT?9) = magnetic excitation currents
A blank lineisrequired to end these data.

3.3.10.1 Static analysis

NI DEGI EXCIR indicate that degree-of-freedom DEGI at node number NI has the value of EXCIR. The parameter EXCII
is ignored and can be omitted.

3.3.10.2 Harmonic analysis

NI DEGI EXCIR EXCII indicate that degree-of-freedom DEGI at node number NI has the complex value of
EXCIR + j EXCII. Giving complex values is allowed when the problem variables are complex (complex solving of the system
of equations) and is the way to provide out-of-phase excitations. A missing value of EXCII indicates a real (non complex)
excitation.

3.3.10.3 Modal analysis

NI DEGI EXCIR indicate that degree-of-freedom DEGI at node number NI has the value of EXCIR. The value itself is
ignored. If DEGI is an electric potential or magnetic excitation current degree of freedom, the line indicates the excitation
degree of freedom for which a modal decomposition will be performed. The parameter EXCII is ignored and can be omitted.
If DEGI is a mechanical degree of freedom, it is automatically blocked.

3.3.10.4 Modal “‘resantires’ analysis

NI DEGI EXCIR indicate that degree-of-freedom DEGI at node number NI has the value of EXCIR. The value itself is
ignored. If DEGI is an electric potential degree of freedom, the line indicates the excitation electrodes, which are forced to
ground for a resonance analysis or left open for an antiresonance analysis. If DEGI is a magnetic excitation current degree of
freedom, the line is an indication of the excitation coils, which are left open for a resonance analysis or forced to ground for an
antiresonance analysis. The parameter EXCII is ignored and can be omitted. If DEGI is a mechanical degree of freedom, it is
automatically blocked for both resonance and antiresonance analyses.

3.3.10.5 Transient analysis

N1 DEGI EXCIR EXCII indicate that degree-of-freedom DEGI at node number NI is excited by a function depending on

EXCIR and EXCII as follows :
@ if both EXCIR and EXCII are positive, the excitation function is a sinusoid of amplitude EXCIR and of frequency
EXCil, starting at timet=0:
fi(t) = EXCIRSN(2TEXCi t) if t> 0, else fi(t)=0

® if EXCIR is negative and EXCII is positive, the excitation function is a raised cosinusoid of amplitude -EXCIR and of
frequency EXCIl, starting at timet =0
fi(t) = -EXCIR (1 - cos(2rrEXCII t)) if t> 0, ese fi(t) =0

® if EXCIRisnot zero and EXCIl is zero, the excitation function is atime step of amplitude EXCIR starting at timet=0:
fit)=EXCRif t>0, dse fi(t)=0



® if EXCIR is not zero and EXCIlI is negative, the excitation function is a pulse of amplitude EXCIR of duration -EXCil
starting at timet=0:
fi(t) = EXCIR if t>0andt< -EXCII, ese fi(t)=0
@ if EXCIR and EXCIl are both zero, the excitation function and its first two derivative values are read from an externa
file of extension EXC. The format of thisfileisfree. It contains, for each line, the following values:

t ft) Pat) at) fot) Polt) £oft) ... () 1) ...

where t is one of the times at which calculations are performed, fi(t) is the function value of the first declared external
excitation, f*|(t) is the value of the first derivative of f|(t) at time t, ’,(t) is the value of the second derivative of f|(t) at time
t, and so on... 1;(t) is the function value of the first declared external load at time t, and so on... (see LOADS entry). Note
that all the times needed must be present, especially for the Wilson-6 method where, for each integration step, the needed
values are nAT and nAT+0

3.3.11 FREQUENCY

331111 F1 P2 ... Fi... EN

This entry is requested only for a harmonic analysis. Its parameters are the values of the frequency(ies) for which a
computation is required. The maximum number of frequencies N depends on the NLOAD entry. N is equal to NLO
except in the case of the analysis of a periodic structure, where the number of angles must be taken into account (see
entry ANGLES).

EXAMPLE:

. FREQUENCY
+ 25000. 26000. 27000. 28000. 29000. 30000. 30500. &
+ 31000. 31500. 32500. 33000.

3.3.12 GENERATE [SY4 PST SYSNOISE TMS ASCII BIN]

This entry indicates which post-process files the user wants to be generated. Its use replaces the answers to questions asked by
the Fortran Program Generator PGEN which was available in previous versions.

® The SY4 file is a binary file used by almost all post-processors, so it is generated by default.

The PST file is an ASCII but not human-readable file which is used by the post-processor ISOVAL.

® The SYSNOISE parameter allows the user to create files for use with the SYSNOISE software.

® The TMS parameter allows the user to create files for THOMSON MARCONI SYSTEMS company’s internal use.

The optional parameters ASCII and BIN are mutually exclusive and affect the generation of files triggered by the SYSNOISE
or TMS parameters. ASCII is the default.

3.3.13 GEOMETRY

numgeol
x11 x12 .... xIM

numgeoN

xN1 xN2 .... xNQ

BLANK LINE
This entry provides the geometrical properties needed by certain elements (thickness, radius of curvature, temperature, etc.).
The X1J characteristics are related to the NUMGEOI integers, to be referenced in the element definition (see Chapter 4).



EXAMPLE:

GEOMETRY
1
0.56E-01
2
0.072

+ + + + +

3.3.14 GEOMETRY POLARIZATION [CARTESIAN, CYLINDRICAL, SPHERICAL]

numgeol

x11 x12 .... xIM
numgeo2

X21 X22 .... X2p
numgeoN

XN1 xXN2 .... xnQ
BLANK LINE

For a piezoelectric or magnetostrictive element, the definition of the material tensors has to be done in the natural coordinate
system related to the characteristic axes of the material. The GEOMETRY POLARIZATION entry enables one to define
these axes relative to the global coordinate system; the transformation in the element coordinate system is automatically done
by the code. This entry is required if piezoelectric or magnetostrictive elements exist in the mesh.

3.3.14.1 Cartesian polarization

Here, the polarization is homogeneous in the whole element and the natural axes OX, OX5 and OX3 have to be defined with

respect to the global axes Ox, Oy and Oz. To do this, the user has to provide three Euler angles, named ALPHA, BETA and
GAMMA, which transform Oxyz into OX3X{X and are defined as follows:

Definition of the Euler angles(a >0, 3 <0, y> 0)

® ALPHA is the angle of the first rotation, around Oz, which transforms the Oxyz system into OX’Y’z system such that OX’
belongs to the OzX3 plane

® BETA is the angle of the second rotation, around OY’, which transforms the OX’Y’z system into a OX3Y’Z”,

® GAMMA is the angle of the third rotation, around OX3 which transforms the OX3Y’Z” system into the OX3X1X»

system. Its value is dummy in the particular case of a ceramic material (6mm symmetry class).
The entry parameters, listed in this required order, are:
ALPHA BETA GAMMA



Attention must be given to the exact meaning of the CARTESIAN POLARIZATION term. It corresponds to a three-
dimensional or plane strain bi-dimensional element. In the case of an axisymmetrical element, this entry defines a
homogeneous polarization in the cross section. Thus a polarization direction orthogonal to the symmetry axis is physically
azimuthal in the corresponding part of the material.

3.3.14.2 Cylindrical polarization

Here, the polarization is radial with respect to a given O’z’ axis in the whole element. The user must first specify a O’x’y’z’

system that contains the O’z’ axis. To do this, he provides the O’ coordinates (X0, YO, Z0) and the Euler angles (ALPHA,

BETA, GAMMA) that transform the O’xyz global system into the O’x’y’z’ system. The Euler angles are defined as follows:

® ALPHA is the angle of the first rotation, around O’z, which transforms the O’xyz system into a O’XYz system such that
O’X belongs to the O’x’ plane

® BETA is the angle of the second rotation, around O’Y, which transforms the O’XYz system into a O’x’YZ’ system

® GAMMA is the angle of the third rotation, around O’x’, which transforms the O’x’YZ’ system into the O’x’y’z’ system.

It is obvious that the choice of the O’x’ (or O’y’) axis is arbitrary and must be the simplest. With these new reference axes,

the angle of the rotation around O’z’ that makes the O’x’ axis coincide with the natural MX3 axis, for each point M that is

concerned, is directly computed by the code. Finally, the user must also provide the angle DELTA, which brings, for every
point M, the Mz’ axis into coincidence with the MX5 natural axis. The value of DELTA is dummy for a ceramic material

y
X
@)
z

Definition of the O’'x’y’z’ system for the cylindrical polarization

(6mm symmetry class).

z z
5. X2
X3 X3
y y
X' X'
The anisotropic material’s X3 axisrotates around the Oz Definition of the angle DELTA (J)

axiswhen cylindrically polarized.

The entry parameters are listed in this required order:



ALPHA BETA GAMMA XO YO ZO DELTA

As in the previous case, the CYLINDRICAL POLARIZATION corresponds to a three-dimensional element modeling. For
an axisymmetrical element, a CYLINDRICAL POLARIZATION defined starting with a point O’ belonging to the
symmetry axis, such as O’z’, is orthogonal to the cross section (i.e., the mesh plane), but is physically radial with respect to O’
in the corresponding part of the material.

3.3.14.3 Spherical polarization

Here, the polarization is radial with respect to a given point O’ for the whole element. The user must first specify a
O’x’y’z’ system centered on the origin O’. To do this, he provides the O’ coordinates (X0, YO, Z0) and the Euler angles
which transform the Oxyz system into the O’x’y’z’ system (ALPHA, BETA, GAMMA). These angles are defined as in the
cylindrical case. It is obvious that the choice of these new axes is arbitrary and must be the simplest. With these new
reference axes, the angles of the rotations that bring the O’x’ axis into coincidence with the natural MX3 axis, for each point

M that is concerned, are computed by the code. Finally, the user must also provide the angle DELTA, which makes the Mz’
axis coincide with the natural MX» axis, for every point M. The value of DELTA is dummy for a ceramic material (bmm

symmetry class).

O
z

Definition of the O’'x’y’Z' system for the spherical polarization

The anisotropic material’s X3 axisrotates around the Definition of the angle DELTA (§)
center O’ when spherically polarized.

The entry parameters are given as follows:
ALPHA BETA GAMMA XO YO ZO DELTA

EXAMPLE:



GEOMETRY POLARIZATION CARTESIAN
+2

+0.0.0.0.0.0.0.

+3

+180.0.0.0.0.0.0.

+

Remark: 2 and 3 correspond to ceramics, the electrical excitation of which have opposite polarities. When an input is omitted,
it is assumed to be zero.

EXAMPLES

AXISYMMETRICAL CASE (RADIAL POLARIZATION)

The coordinate dashed line is the axis of symmetry.
| o = 90° B=0° y = 180° |

z y . X3
| |
Globd system v Find polarizaion
|
| |
The corresponding entry is:
GEOMETRY POLARIZATION CARTESIAN
1=90. 0. 180.
Example of Cartesian polarization
a =90 = 45" e
Ly R R
X3 X3 /XZ
X Y Y' X1
> - - >
Z,/ Z/
Globa coordinae system 7 Find polarization

The corresponding entry is:

GEOMETRY POLARIZATION CARTESIAN
+ 1=090.-45. 180.
+

EXAMPLE OF CYLINDRICAL POLARIZATION

The O’z axis is in the (1,1,1) direction with respect to the global axes, O’ at 0.5 m from O on the Oy axis.



<

0' (Xo, Yo, Z0)

a = 45°

Final polarization is radial around O’z’. The corresponding entry is:

GEOMETRY POLARIZATION CYLINDRICAL
+ 1=45 547 0 00 05 00 O
+

EXAMPLE OF SPHERICAL POLARIZATION (O’ is0.4 m away from O on the Oy axis)

Z 1
Ay
y
(0] el
3 0'(Xo,Yo,Zo) z' Al x!
= Q°

Final polarization isradial around O'.
The corresponding entry is:

GEOMETRY POLARIZATION SPHERICAL
1=450 9 0.040.



3.3.15 IMPEDANCE

This entry indicates that external electric impedances will be connected to electrodes, within a harmonic analysis. In this case,
the description of the external impedances must be provided by the user, after the boundary conditions of the data file, in the
ATILA free format, as follows:

The first line contains the number of nodes NZ that will be connected to the null potential through an external impedance.

For each frequency, a set of NZ lines. Each line of this set contains four values: the frequency of the current set, the node
number of the electrode, the real part and the imaginary part of the impedance connected to that node.

3.3.16 INDUCERS

NUMIND1
GEO11NT11A11B11C11..N11 011

GEOIM NT1M AIM B1IM CIM ... N1IM O1M
BLANK LINE

NUMINDP
GEOP1NTP1AP1BP1CP1 .. NPP1OP1

GEOPR NTPR APR BPR CPR ... NPR OPR
BLANK LINE
BLANK LINE

In the case of an analysis using magnetostrictive elements, this entry allows the user to define the inducers that create the

magnetic excitation. Inducers through which the same current passes are grouped together. These currents are named I (I may

vary from 1 to 9). Their value is determined by the EXCITATIONS entry. Lines following NUMINDI describe the inducers

associated with the corresponding current I.

GEOLJ define the geometry of inducer J associated with current NUMINDI

® if GEOIJ = CONSTANT,
the magnetic excitation generated by the inducer is steady everywhere in the mesh. In this case, AlJ, BIJ, and CIJ are the
components of a vector along the source magnetic field. NTLJ, DIJ, FIJ and OIJ are omitted.

® if GEOILJ = CYLINDER,
the magnetic excitation is generated by a cylindrical inducer, of circular section made of NTIJ turns. In this case, ALJ, BIJ,
and CIJ are the coordinates of the cylinder’s center. DIJ, ElJ, and FIJ are the components of a vector along the cylinder
axis. Reals GIJ to I1J, are respectively, the outer radius, the height, and the thickness of the cylinder. Values JIJ to OlJ are
omitted. If the thickness is null, the inducer is a thin cylinder. If the thickness and the height are null, the inducer is a
single circular loop.

® if GEOILJ = RECTANGLE,
The magnetic excitation is generated by a cylindrical inducer of rectangular section made of NTIJ turns. In this case, AlJ,
BIJ, and CIJ are the coordinates of the cylinder’s center, DIJ, ElJ, and FIJ are the components of a vector along the
cylinder. GIJ, HIJ, and I1J are components of a vector along the length of the rectangular loop. Reals JIJ to OlJ, are,
respectively, the outer length, the outer width, and the outer radius of the wedge of the rectangular loop, the height and
thickness of the inducer. If the thickness is null, the inducer is a thin rectangular cylinder. If the thickness and the height
are null, the inducer is a single rectangular loop.

A blank line is necessary to end the entries for a specific current and a second to close the INDUCERS description. We recall

that, in ATILA, the current values are treated like excitations and that the magnetic excitation vectors generated by previous

inducers are considered unity excitations.



3.3.17 HEAT LOAD

The keyword HEAT LOAD must be used together with ANALYSIS HARMONIC. It means that harmonic and thermal
analysis are performed successively (see chapter 2.3) and only electromechanical prescribed conditions are required.

3.3.18 LANGUAGE OR LANGUE [FRENCH, ENGLISH, FRANCAIS, ANGLAIS]

This entry defines the language used for the entry input and the output file edition. In France, the default language is French;
in other countries, it is English. It can be overridden by setting the environment variable ATILA_LANGUAGE to 0 for
French, 1 for English.

3.3.19 LOADS
N1 DEG1 LOAIR LOA1I

NM DEGM LOAMR LOAMI
BLANK LINE

This entry allows the user to prescribe forces or other loads with known values. Allowed entries for DEGI are given in the
following table:

LOADX (FORCEX) = force adong OX

LOADY (FORCEY) = force aong OY

LOADZ (FORCEZ) = force dong OZ

MOMENTX = momentum around OX

MOMENTY = momentum around OY

MOMENTZ = momentum around OZ

CHARGELE = electric charge

D_CHARGE = time derivative of the electric charge. Thisisa current.
CHARGMAG = magnetic charge

FLUX1to FLUX9 = flux of the reduced magnetic field through the coils
D_FLUX1toD_FLUX9= time derivative of the flux of the reduced magnetic field

through the coils. Thisisavoltage.

A blank line is required to end these data.
3.3.19.1 Static analysis

NI DEGI LOAIR indicate that the load on the degree-of-freedom DEGI at node number NI has the value of LOAIR. The
parameter LOAII is ignored and can be omitted.
D_CHARGE and D_FLUXI1 to D_FLUXO are not available to this analysis, as the time derivative would be 0.

3.3.19.2 Harmonic analysis

NI DEGI LOAIR LOAII indicate that the load on the degree-of-freedom DEGI at node number NI has the complex value
of LOAIR +j LOAIL. Giving complex values is allowed when the problem variables are complex (complex solving of the
system of equations) and is the way to provide out-of-phase excitations. A missing value of LOAII indicates a real (non
complex) load.



D_CHARGE represents the current sent to an electrode of a piezoelectric ceramic, without taking care of the symmetries of
the structure, especially the axisymmetry. In order to take the axisymmetry into account, the D_CHARGE value is equal to the
real current sent, divided by 2Tt

D_FLUXI1 to D_FLUXO9 represents the voltage sent to a excitation coil of a magnetostrictive part, without taking care of the
symmetries of the structure, especially the axisymmetry. In order to take the axisymmetry into account, the D_FLUXn value is
equal to the real voltage applied, divided by 21U

WARNING
Asthetime derivative intr oduces a phase shift of 90°, thustransforming real valuesto imaginary ones,

the LOSSES command should be provided when D_CHARGE or D_FL UXn are used, unlessvalues
provided are pureimaginary ones.

3.3.19.3 Modal analysis, modal ‘“‘resantires” analysis
The entries are ignored, as no load should be present.
3.3.19.4 Transient analysis

NI DEGI LOAIR LOAII indicate that the load on the degree-of-freedom DEGI at node number NI is excited by a function
depending on LOAIR and LOAII as follows:
if both LOAIR and LOAII are positive, the load function is a sinusoid of amplitude LOAIR and of frequency LOAII, starting
attime t = 0:

fi(t) = LOAIR sin(2ITLOAIL t) if t> 0, else fi(t) =0
if LOAIR is negative and LOAII is positive, the load function is a raised cosinusoid of amplitude -LOAIR and of frequency
LOALIL, starting at time t = 0:

fi(t) = -LOAIR (1 - cos(2ITLOAIl t)) if t> 0, else fi(t) =0
if LOAIR is not zero and LOAII is zero, the load function is a time step of amplitude LOAIR starting at time t = 0:

fi(t) = LOAIR if t > 0, else fi(t) =0
if LOAIR is not zero and LOAII is negative, the load function is a pulse of amplitude LOAIR of duration -LOAII starting at
time t =0:

fi(t) = LOAIR if t > 0 andt < -LOAII else fi(t) =0
if LOAIR and LOAII are both zero, the load function value is read from an external file of extension EXC, after the data
needed by the EXCITATION entry. The format of this file is described under the EXCITATIONS entry.
The D_CHARGE and D_FLUXI1 to D_FLUXO entries are not available to this analysis.

3.3.20 LOSSES
This entry tells that the materials may have losses, so that calculations must be performed with complex numbers.
3.3.21 MASS

This entry requests a printout of the volume and mass of each solid element together with the total volume and mass of the
solid parts.



3.3.22 MATERIAL

MATER1
X11... X1IM

MATERI
X1 ... XIP

MATERN
XN1... XNQ
BLANK LINE

This entry enables the user to introduce the properties of the materials that compose the elements. The XIJ properties are
defined by material type, as described below. Each material is named by the user (less than 8 characters): MATERI ...
MATERN. These names could be used with the ELEMENTS entry. The list of the requested properties is provided in the
element description, in Chapter 1.4. If one line is not enough to describe the properties of a given material, it can be extended

using the character &.
3.3.22.1 Caseof an elastic isotropic material without losses

E NU RHO

where E is Young’s modulus, NU is Poisson’s ratio and RHO the density.
3.3.22.2 Case of an elastic isotropic material with losses

E’ NU’ RHO 0.0 NU” E”

SH Kxx Kyy Kzz

where E’ and E” are, respectively, the real and imaginary parts of Young’s modulus, NU’ and NU” the real and imaginary
parts of Poisson’s ratio, and RHO the density. E” must be positive and NU” comprised between -E”(1+NU’)/E’ and E”(0.5-
NU’)/E’ to have a material with losses.

SH is the specific heat (J/kg/C°), Kxx, Kyy, Kzz are the conductivity coefficients (W/m-C°) according to X direction, Y
direction and Z direction respectively. These last coefficients are only required for THERMAL and HEAT LOAD analysis.

3.3.22.3 Case of a composite material without losses

Ef NUF RHOF 00 0.0 0.0 &
EM NUM RHOMm 00 VE 0.0

where EFf is the fiber Young’s modulus, NUF the fiber Poisson’s ratio, RHOF the fiber density, Epj the matrix Young’s
modulus, NU) the matrix Poisson’s ratio RHO) the matrix density, and VF the fiber volume fraction (1.0 corresponds to
100%).

3.3.22.4 Case of a composite material with losses

E's NUF RHOF 0.0 0.0 E"f &
E'M NUM RHOM 0.0 VE E"M

Where NUfF and NUyp are still real.



3.3.22.5 Caseof afluid without losses

COMP 0.0 RHO

where COMP is the bulk modulus (pressure units) and RHO the density.
3.3.22.6 Caseof afluid with losses

COMP 00 RHO 0.0 0.0 COMP”

where COMP’ and COMP” are, respectively, the real and imaginary parts of the bulk modulus, and RHO the density. COMP”
must be positive to have a fluid with losses.

3.3.22.7 Case of a magnetic domain

PERM

where PERM is the absolute magnetic permeability of the domain.

3.3.22.8 Case of a piezoelectric material without losses

0.0 0.0 RHO 0.0 0.0 0.0 &
SiF SiF Sif SiaF Sist SieF &
SnF Spof Sp3t SoaF Spst Soe" &
Sei® S Saaf SedF Ses™ See™ &
SuF Sif St Suf St Sie" &
SiF Seof Ss3t Sea® Sest See” &
Set® Se" Se® Se® Ses® Ses” &
du di dis dus dis dis &
dz dx ds d24 dzs d2s &
da dz das da dss dss &
€5 €° €13° 0.0 0.0 0.0 &
€15 €5° &3° 0.0 0.0 0.0 &
€5 €5° €33° 0.0 0.0 0.0 &

where (s ) is the constant electric field elastic tensor, (d) the piezoelectric tensor, (¢ ) the constant strain dielectric
permittivity tensor, and RHO the density.



3.3.22.9 Caseof a piezoelectric material with losses

0.0 00 RHO 0.0 0.0 0.0

Suf Sif S 1 S1F S1sF S16f
SafF S»° S xF SaF S2F S 26"
Saf  Saf S aF Saf Sk SaF
SufF Saf S 4F S uF SasF S 46F
Ssf Ssf Ss" S5 S'sst S's6"

S' 61E S' 62E S' 63E S‘ 64E S‘ 65E Sl 66E
d‘ll d‘lZ d‘l3 d'14 d'15 d'16
d‘Zl d‘22 d‘23 d'24 d'25 d'26

dan da d'ss " d'ss d'ss
€15 €5° €'15° 0.0 0.0 0.0
€5 €2° €'53° 0.0 0.0 0.0
€5 €3° €'3° 0.0 0.0 0.0

S”llE S”12E S”13E S”14E SH15E S”lGE

S”ZlE S”ZZE S”23E S”24E S”25E S”ZGE

RO R0 RO RO QR R0 RO Ro RO RO RO RO RO QR R0 QR R0 RO RO RO RO RO RO Ro

S'xnf S'aF S'af S'3E S'35F S
S'mF S'4F S'af S'uF S'4F S 46t
S'siF S'sF S'ssf S'sF S5t S'se"
S'ef S'eF S'esF S'ef S' et St
"1 d' 13 "14 "15 "16
"u d'2 23 "4 "5 "2
a1 d'm a3 " "5 "3
€'S €' €'13° 0.0 0.0 0.0
€5 €'° €535 0.0 0.0 0.0
€'%5 €'3° €3S 0.0 0.0 0.0 &

where (s'ijE) and (s"ijE) are, respectively, the real and imaginary parts of the constant electric field elastic tensor, (d';) and (d";)

are, respectively, the real and imaginary parts of the piezoelectric tensor, (€'°) and (£";% are, respectively, the real and
imaginary parts of the constant strain dielectric permittivity tensor, and RHO the density. To have a lossy piezoelectric
material, it is necessary but not sufficient to have all negatives for the diagonal terms (s'ijE) and (£";).

SH is the specific heat (J/kg/C°), Kxx, Kyy, Kzz are the conductivity coefficients (W/m-C°) according to X direction, Y
direction and Z direction respectively. These last coefficients are only required for THERMAL and HEAT LOAD analysis.

3.3.22.10 Case of a piezoelectrictrilaminar

Here, the data to input are the physical characteristics of the metallic material, followed by the physical characteristics of the
piezoelectric material, in the order previously described.



3.3.22.11 Caseof amagnetostrictive material without losses

0.0 0.0 RHO 0.0 0.0 0.0 &
suft s Sia Siat! Sist! Sie!? &
st St St St SpsH SpeH &
St st Sedt St SesH SaeH &
Spt st Sygtt Syt SsH Sug &
St S Ssa! St S5t Sset! &
St e Sea! Sedt! SesH See'! &
du dw dis dis dis dis &
dz  d» dzs dzs dzs dzs &
da  dz dss das dss dss &
Hu® M’ Has® 0.0 0.0 0.0 &
Ha® M5 Ha2s® 0.0 0.0 0.0 &
VR VIPN Has® 0.0 0.0 0.0 &

where (s;") is the constant magnetic excitation elastic tensor, (d) the piezomagnetic tensor, (l4;%) the constant strain magnetic
permeability tensor, and RHO the density.

3.3.22.12 Case of a magnetostrictive material with losses

00 00 RHO 0.0 0.0 0.0

suf St St St S 1 S 16"
Saf S St St S 2t S 26"
Sa" S Sz" S S35 S 36"
Su S4 S gt St S st S 4"
Ssf Ss St Sst Sss S'se"!
Sea Se? Se3" Sed" Ses" S

dan da d'ss "3 d'ss d'ss
PSS P (TR 0.0 0.0 0.0
HasS P25 M 238 0.0 0.0 0.0
HasS 'S W3S 0.0 0.0 0.0
s'uft s’ S 13" S 14 S 15 S 16
S'aft s'H S’ S’ S’ S’
S'at S'aM Sz S'3" S5 S5
S'aH S St S S 4 S 46
S'mf s'5M S 53" S5 S5 S 56
S'a S'e S 6 S'et S'es!! S "6
d'n d'n d'i d'u d'ss d"s
"a d'x "2 "o "5 "2
"a d'am "z "3 "35 "3
P'uS (s s 0.0 0.0 0.0
H'2S J'S (TP 0.0 0.0 0.0

RO RO RO RO QR R0 RO R0 RO RO RO RO RO QR RO RO R0 RO RO RO RO RO QRO Ro Qo

u‘ 'nS ul '35 u' '33° 0.0 0.0 0.0



where (s ) and (s";") are, respectively, the real and imaginary parts of the constant magnetic excitation elastic tensor, (d)
and (d”) are, respectively, the real and imaginary parts of the piezomagnetic tensor, (U;5) are (U";°) are, respectively, the real
and imaginary parts of the constant strain magnetic permeability tensor and RHO the density. To have a lossy
magnetostrictive material, it is necessary but not sufficient to have all diagonal terms negative (s";" ) (respectively (L";S))
(respectively positive).

3.3.22.13 Caseof an €electrostrictive material without losses

0.0 0.0 RHO 0.0 0.0 0.0 &
SuP siP SiP S1P SisP S16P &
S P SP SpP SpsP SpeP &
S®  SP SaiP Sed® SesP Sae? &
S SP S SuP SisP Sug? &
SP SP S SsaP S5 Sse” &
S® S Sed Sea® SesP See” &
Q11 Q12 Q13 Q14 Q15 Q16 &
Q21 sz Q23 Q24 Q25 Qze &
Q31 Q32 st Q34 Q35 Q36 &
€17 &' €13" 0.0 0.0 0.0 &
€17 &' €' 0.0 0.0 0.0 &
€' Ezx' €33' 0.0 0.0 0.0 &

where (s ) is the elastic compliance tensor at constant electric excitation, (Q) the reduced tensor of the electrostrictive

constants, (ST) the constant stress dielectric permittivity tensor, P, the spontaneous polarization (the saturation value at high
electric field), k a materials constant (k = [833T]D:0/P5), and RHO the density. If P, equals O, then the ' tensor is used, k is
ignored and the material presents no saturation. If P; is not null, then k and P, are used to build the €' tensor and the values of
€1, to &;' are ignored.

3.3.22.14 Case of a shape memory alloy material with a superelastic behaviour

E NU RHO 0 0 0 &
KO SO SLIMU SLIML EPSBR

where E is Young’s modulus at rest, NU is Poisson’s ratio, RHO the density, KO a stress value used for the nonlinear part of
the material behaviour, SO the stress limit at which the transformation occurs, SLIMU the stress limit during unloading, under
which the material transforms back, SLIML the stress limit during loading, over which the material becomes superelastic, and
EPSBR the strain limit after which the material is supposed to break.

3.3.22.15 Case of a shape memory alloy material with a memory behaviour

E NU RHO 0 0 0 &
KO SO E2



where E is Young’s modulus at rest, NU is Poissons ratio, RHO the density, KO a stress value used for the nonlinear part of the
material behaviour, SO the stress limit over which the transformation occurs and E2 is Young’s modulus during the unloading.
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Example of superelastic transformation curve Example of memory effect transformation curve

Material property values of many materials commonly used in transducers are provided in the MATER.STD file distributed
with ATILA (see section 1.2.V). To use one of these materials, simply enter its name in an ELEMENTS entry, with no
additional parameters. If a new material name is defined in a MATERIALS entry, this name and its corresponding property
values will be automatically added to the MATER.STD file. Subsequent runs may specify a user-defined material by its
name, the same as an ATILA standard material.

WARNING

If amaterial name already defined in the MATER.STD fileisused in a MATERIAL Sentry, the
property valueslisted as parameterswill automatically replace the valuesin the MATER.STD file, and
the new values will be used by the codein therun. A warning will also be printed in thelisting file. For

thisreason, extreme caution should be exer cised with the MATERIAL Sentry

Many elements in ATILA allow the use of material with losses.
WARNING

When theentry LOSSES isissued in the data file, all the elements (elastic, fluid, piezoelectric and
magnetostrictive) are consider ed elements with losses.

In aradiating harmonic analysis, the external fluid domain,
which is modelled by damping elements, cannot have losses.

EXAMPLE:
+ MATERIAL

+25CD4D
+.215E+12 .33 7500.

3.3.23 MATRICES

This entry indicates that the system matrices must be dumped into files for use with external programs. No other computation
is done.

Note that this entry is mutually exclusive from the CHIEF, DYNFLEX and EQI entries and is available only for a harmonic
analysis.

3.3.24 NEWAXES [CARTESIAN, CYLINDRICAL, SPHERICAL]

X0 YO Z0 OzZZ OYY OXX



This entry enables the user to modify the system in which the node coordinates are given. The initial system is Cartesian; its
origin and axes are the global system origin and axes. If the new system is cylindrical (spherical), the node coordinates X, Y,
Z, associated with the following NODES entry(ies), become the cylindrical (spherical) coordinates R, THETA, Z (R, THETA,
PHI), respectively. The angles THETA and PHI for spherical coordinates are represented on the figure describing the entry
ANGLES.

X0, YO, ZO: coordinates of the new system origin in the global system.

Ozz, Oyy, Oxx: angles (in degrees) of the Euler rotations that transform the initial axes into the new axes. The first rotation is
around the Oz axis of the initial system, transforming Oxyz to OXYz; the second rotation is around the OY axis provided by
the first rotation, transforming OXYz to Ox’YZ; the third rotation is around the Ox’ axis provided by the second rotation,
transforming Ox’YZ to Ox’y’z’.

This entry can be used several times during the description of the mesh. Its parameters are always expressed in terms of the
global coordinate system.

&) ﬂX X

Oyy

@)

In the above figures, Oxx and Ozz have positive values, while Oyy has a negative value.

3.3.25 NLOAD
NLO

NLO is an integer corresponding to the number of loading cases for a static analysis, the number of eigenmodes selected for a
modal analysis, the number of frequencies for a harmonic analysis, the number of saved time steps for a transient analysis. If
the user analyzes the scattering of a plane-wave by a periodic structure, the number of loading cases NLO must equal the
number of frequencies (entry FREQUENCY) multiplied by the number of angle values. In the case of a double periodicity,
this number must be divided by two.

It should be noted that this integer sets the maximum number of loading cases that would be taken into account for a restart.
NLO must be less than or equal to 1000.

EXAMPLE:

. NLOAD =80
3.3.26 NODES

x1yl z1
OR r theta z
OR r theta phi

BLANK LINE
This entry provides the node coordinates. The nodes are sequentially numbered, in the order in which they are introduced.
The two SCALE and NEWAXES entries, if necessary, are to be inserted before the first NODES entry or between two
NODES entries. The NODES entry is required.
WARNING



Nodes haveto beintroduced in the following order:
solid / fluid / radiating. Note that the MOSAI QUE tool
automatically generates nodesin the correct order

For axisymmetrical structures,
the Ox axisis always the symmetry axis.

For periodic structures, facing boundaries must have nodes facing correctly.

EXAMPLE:
. NODES
+* 1*-0.64000E-01 0.00000E+00  0.00000E+00
+* 2*-059500E-01 0.00000E+00  0.00000E+00
+* 3*-0.55000E-01 0.00000E+00  0.00000E+00
+* 4* -0.64000E-01  0.30000E-02 0.00000E+00
+* 5%* -0.55000E-01  0.30000E-02 0.00000E+00
+* 6* -0.64000E-01  0.60000E-02 0.00000E+00
+* 7%*-059500E-01 0.60000E-02 0.00000E+00
etc.

Note that the node numbering is a comment. Because nodes are numbered as they are entered, it is a good practice to add these
comments for readability. The MOSAIQUE tool does provide these comments.

3.3.27 PERIODIC (1D, 2D, 3D]
3.3.27.1 One-dimensional periodicity, two-dimensional mesh

The entry parameters, listed in this order, are:
N11 N12 0 N14

The first two node numbers N11 and N12 define the first boundary line of the unit cell. The node numbers N11 and N14
define a vector parallel to the direction of periodicity. The node number N14 also uniquely defines the second boundary line
of the unit cell, parallel to the first one. Note that the unit cell is generally a parallelogram, but must be rectangular for a

harmonic analysis.

EXAMPLE:
PERIODIC 1D =130 2

3.3.27.2 One-dimensional periodicity, three-dimensional mesh

The entry parameters, listed in this order, are:
N11 N12 N13 N14

The first three node numbers N11, N12 and N13 define the first boundary plane of the unit cell. The node numbers N11 and
N14 define a vector parallel to the direction of periodicity. The node number N14 also uniquely defines the second boundary
plane of the unit cell, parallel to the first one. Note that the unit cell must be a parallelepiped for a harmonic analysis.



Example:
PERIODIC 1D =125 3
6

3.3.27.3 Two-dimensional periodicity, two-dimensional mesh

The entry parameters, listed in this order, are:
N11 N12 O N14
N21 N22 0 N24

The two lines define the two periodicities. For each line, the first two node numbers NX1 and NX2 define the first boundary
line of the unit cell; the node numbers NX1 and NX4 define a vector parallel to the direction of the corresponding periodicity.
The node number NX4 also uniquely defines the second boundary line of the unit cell, parallel to the first one. Note that the
unit cell must be rectangular for a harmonic analysis.

EXAMPLE:
PERIODIC 2D =1302/1203

3.3.27.4 Two-dimensional periodicity, three-dimensional mesh

The entry parameters, listed in this order, are:
N11 N12 N13 N14
N21 N22 N23 N24

The two lines define the two periodicities. For each line, the first three node numbers NX1, NX2 and NX3 define the first
boundary plane of the unit cell; the node numbers NX1 and NX4 define a vector parallel to the direction of the corresponding
periodicity. The node number NX4 also uniquely defines the second boundary plane of the unit cell, parallel to the first one.
Note that the unit cell must be a parallelepiped for a harmonic analysis.



EXAMPLE:

PERIODIC 2D =1352/1253
7

3.3.27.5 Three-dimensional periodicity

The entry parameters, listed in this order, are:
N11 N12 N13 Ni14
N21 N22 N23 N24
N31 N32 N33 N34

The three lines define the three periodicities. For each line, the first three node numbers NX1, NX2 and NX3 define the first
boundary plane of the unit cell; the node numbers NX1 and NX4 define a vector parallel to the direction of the corresponding
periodicity. The node number NX4 also uniquely defines the second boundary plane of the unit cell, parallel to the first one.
Note that the unit cell must be a parallelepiped for a harmonic analysis.

EXAMPLE:
PERIODIC 3D =1352/1253/1235

3.3.28 PRECISION [SINGLE, DOUBLE]

This entry indicates to the program that a static, modal, harmonic or transient analysis is to be performed with single or double
precision variables. The default precision is single. It is important to check the available options for each analysis (Chapter
1.2).

3.3.29 PRESSURE [TOTAL, SCATTERED]

This entry indicates that the flooded structure is excited by an impinging harmonic wave and that the total (attribute TOTAL)
or only the elastic scattered (attribute SCATTERED) pressure must be calculated. The excitation can either be an impinging
plane wave coming from a given direction, provided by means of the ANGLES command or given by the mean of the
function INCPRE when no ANGLES command appear. This function is declared COMPLEX*16 and has four parameters: X,
Y, Z (point coordinates) and K (wavenumber in the infinite fluid medium). This function returns the incident pressure value at
the given point and wavenumber. This procedure can excites the structure with an incident wave of any kind (plane wave,
spherical). The default function INCPRE provided with ATILA generates a plane wave travelling from positive to negative Ox

axis (p(x,y,z) = elkxy.



FUNCTION INCPRE(X,Y,Z K)

* computes the incident pressure at the point (X,Y,Z) for the wavenumber K
DOUBLE PRECISION K,X,Y ,Z

COMPLEX*16 INCPRE

* case of a plane wave travelling from positive to negative Ox axis

INCPRE = DCMPLX(DCOS(K*X),DSIN(K* X))

RETURN

END

This function can also be user-provided, by means of a shareable library (INCPRE.DLL for Windows, libincpre.so for Unix
operating systems).

WARNING

In case of a 3D structure, the damping sphere must be centered on the global axisorigin.
If the model has symmetries, theincident pressurefield function must take these symmetriesinto
account.

3.3.30 PRINTING

This entry defines the printing level NPR, which must equal 0, 1, 2, 3 or 4:

® NPR =0, only computation results are printed

® NPR =1 or 2 (default) prints intermediary information and the results

® NPR =3 corresponds to a trace level to follow the computation step by step
® NPR =4 allows the printing of elementary matrices before assembling.

3.3.31 RADIATION [MONOPOLAR, DIPOLAR]

This entry selects the type of damping condition imposed on the outer fluid domain radiating surface S, i.e., the type of
radiation impedance imposed on the radiating elements. The default damping condition is monopolar. The multipolar

2

expansion of the pressure field is limited to the 1/r term in the monopolar case, to the 1/r“ term in the dipolar case. This entry

affects the type of element used and the solving program.

EXAMPLE:
+ RADIATION DIPOLAR

3.3.32 SCALE

EXEY EZ

This entry defines scale factors (EX, EY, EZ) that are applied to the node coordinates included in the following NODES entry
(ies). The coordinates must be given in the absolute system. To switch off this scaling, the SCALE entry has to be used with
the parameters 0.0, 0.0, 0.0. Note that it does not affect the commands NEWAXES and GEOMETRY.

3.3.33 SHIFT

FSHIFT

This entry defines the shift in frequency used by the code for an eigenvalue computation. The default value of this shift
(1000.0 Hz) is valid for structures having a first non-rigid-body mode above 100.0 Hz. For structures having a first resonance
at a lower frequency, the user must specify a value for the shift between one and ten times the estimated value of the first
resonance frequency.



3.3.34 STRESS OR STRESS PRINCIPAL

This entry enables the stress or principal stress computation, for all loading cases considered. Stresses are given in the global
system. This calculation is available for all the elastic, piezoelectric, magnetostrictive and electrostrictive elements, except
those mentioned in Section 1.4.B. The B field is also computed for magnetostrictive and magnetic elements. The D field is also
computed for electrostrictive elements. The stresses are stored in the PST file when its generation is requested with the
GENERATE command.

Thisentry ismandatory when electrostrictive elements are used.

3.3.35 THERMAL

This entry must be used together with the keyword ANALYSIS STATIC. It allows to perform a thermal analysis. Prescribed

conditions are introduced using temperature conditions.
3.3.36 SYSNOISE [MODAL DIRECT ASCII BIN]

This entry indicates that the requested analysis is a harmonic analysis where the fluid-structure coupling is solved by the
SYSNOISE program. Two different algorithms may be applied: SYSNOISE can either use eigenvectors and eigenforces
calculated with ATILA and return participation factors (MODAL parameter), or directly use the system matrices calculated
with ATILA and solve the problem including the fluid interaction (DIRECT parameter). One of these two parameters must be
given. They are mutually exclusive.

ATILA generates a file with extension .frq, in the jobname directory, in which are stored the frequencies listed in the
FREQUENCY command. With the MODAL parameter, ATILA also stores eigenvectors and eigenforces in files of extensions
.vvpr and .fmo, respectively, in the jobname directory. With the DIRECT parameter, ATILA also stores the real and
imaginary parts of the stiffness matrix, the mass matrix and the real and imaginary parts of the piezoelectric forces in files of
extensions .muakr, .muaki, .muam, .br and .bi, respectively, in the jobname directory. It then calls the command:
“ati_to_sysnoise jobname”, where jobname is the name of the job being run. There is a default ati_to_sysnoise command in
the bin subdirectory of the ATILA installation directory. This command, which can be tailored by the user, must perform the
activation of the SYSNOISE program. On completion of this command, the following files must be present: the file
_jobname_/_jobname_.modalres containing the displacement vectors, for the MODAL parameter, or the displacements
vectors _jobname_/DSPxxxxxxxx.INT (note the names in capital letters), for each of the requested frequencies XXXXXXxX,
expressed in tenths of Hertz, for the DIRECT parameter.

The optional parameters ASCII and BIN are mutually exclusive and affect the generation of files triggered by the SYSNOISE
command. ASCII is the default.

3.3.37 TRANSIENT [METHOD NS NSKIP AT FL PARI PAR2]

This entry provides the necessary information for the TRANSIENT analysis. METHOD indicates the time integration method
selected from one of the following methods: CENTRAL (Central Difference Method), NEWMARK (Newmark’s Method) or
WILSON (Wilson-8 Method). NS is the number of steps between each saved displacements. NSKIP is the number of skipped
steps before starting saving steps. AT is the time step. FL is the frequency at which materials losses are considered, when they
exist. PARI and PAR2 depend on the integration method: they are ignored for the Central Difference Method, they are
respectively d and [ for the Newmark’s Method and PARI1 is the parameter 0 for the Wilson-8 Method, PAR?2 being ignored.
The displacements are calculated at times 0, AT 2AT, 3AT, 4 AT etc., but they are printed in the listing file and saved at the
times NSKIP*AT, (NSKIP+NS)*AT, (NSKIP+2*NS)*AT, etc., (NSKIP+NLO*NS)*AT.

3.3.38 WAVE NUMBER

NK VKBEG VKEND



This entry defines the wavenumbers for which a computation is requested, when performing a modal analysis of a periodic

structure. For each direction of propagation defined by the ANGLES command, NK computations are performed, with values

of wavenumber equally spaced in an interval depending on VKBEG and VKEND as follows:

® if VKBEG is greater or equal to zero, its value defines the lower bound of the wavenumber interval;

® if VKBEG is negative, the lower bound of the wavenumber interval is set to the value of the boundary of the first Brillouin
zone along the propagation direction;

® if VKEND is greater or equal to zero, its value defines the upper bound of the wavenumber interval;

® if VKEND is negative, the upper bound of the wavenumber interval is set to the value of the boundary of the first Brillouin
zone along the propagation direction;

® if VKBEG equals VKEND, then NK is set to 1;

® if NK s 1, the only computation is done with the value of VKBEG.
EXAMPLES

WAVE NUMBER = 3 0. 40.

The requested wavenumber values are 0., 20. and 40. m"
WAVE NUMBER = 3 0. -1.

If the structure under study is a one-dimensional periodic structure of unit cell size equal to a, the requested wavenumber
values are 0., TV2a and TVa.

3.4 Boundary conditions

Boundary conditions may be described using free format. For all the data inputs, node number is referenced as N, a degree-

of-freedom is referenced as D, with the following correspondence: 1 for Uy (or P), 2 for Uy, 3 for Uy, 4 for 85 (or ® or @), 5

for Gy, and 6 for 8,. Moreover, the lines that are parallel to a global coordinate axis and the planes that are normal to these

axes are referenced as P. The correspondence is:

1 for a plane normal to the Ox axis, 4 for a line parallel to the Ox axis,
2 for a plane normal to the Oy axis, 5 for a line parallel to the Oy axis,
3 for a plane normal to the Oz axis, 6 for a line parallel to the Oz axis.

Note that the loading definitions available in previous versions are superseded by LOADS or EXCITATIONS entries.
Boundary conditions enable the user to force clamped, hinged or simply supported conditions, or identity between degrees-of-
freedom. These conditions are generally associated with symmetry planes or axes, electrodes or pressure-release surfaces. The
easiest way to understand how to provide boundary conditions is to refer to the following rules:

® Boundary conditions acting on gne node are defined by the node number N and no line or plane P (or P = 0);

® Boundary conditions acting @ group of nodes on the same line or plane are defined by a negative value of N and a

corresponding line or plane P not equal to 0;
® Boundary conditions deleting a degree-of-freedom are defined by a positive value of the line or plane indicator P;
® Boundary conditions making an identity between degrees-of-freedom of a group of nodes are defined by a negative value

of the line or plane indicator P;
® A node number N = 0 means the whole structure.

3.4.1 Boundary conditions defined in global axes

® The degree-of-freedom in the D direction is deleted for all the structure nodes.

0 DO

® The degree-of-freedom is deleted in the D direction at node N:
N DO

® The degree-of-freedom is deleted in the D direction for all the nodes that belong to the P plane or line containing the node
N:



-N D P

® For fluid-structure problems, this condition can be restricted to the Solid part of a mesh using the fourth field of the format:
-N D P S

It can also be restricted to the Fluid part:
-N D P F

® The degree-of-freedom in the D direction at node N is identical to the degree-of-freedom in the D direction at node M:

N D M

® Degrees-of-freedom in the D direction for all the nodes that belong to the plane or line P containing N are identical:
-N D -P

When using piezoelectric materials, excitation electrodes are defined by setting identical electric potential degree-of-freedom
for the corresponding nodes; voltage reference electrodes are defined by deleting identical electric potential degree-of-
freedom for the corresponding nodes. The potential on excitation electrodes may be prescribed using the EXCITATIONS
entry.

When doing the analysis of a periodic elastic or piezoelectric structure two kinds of surfaces limit the mesh.

Surfaces limiting the mesh that are orthogonal to the periodicity directions are constant X planes (in fact, lines) for 1-D
periodicity, and constant X and Y planes for 2-D periodicity. For surfaces facing each other, nodes must be identical after
elementary translation.

Surfaces between the mesh and semi-infinite fluid domains are constant Y planes (in fact, lines) for 1-D periodicity, and
constant Z planes for 2-D periodicity. On these surfaces, the pressure is linked to a plane-wave series expansion.

In the case of a structure with fluid on the front and back surfaces, the user must provide the extreme nodes of the elementary

cell:
-N1 1 1 X1
-N2 1 1 X2

N2

N2

y z
y
NIX - N1

In the case of a structure with fluid on the front side only (free backface), the condition becomes:
-N1 1 1 X1
-N2 1 1 XS

x
x

Free or damped backface

N2
1 N /
y ZV
i y
NI - N1 |

X X

To get a clamped backface for a 1D periodicity, the additional condition:

-N2 2 2



must be introduced. For a 2D periodicity, the condition is:
-N2 3 3

When the periodic structure is piezoelectric, an additional condition prescribing the kind of analysis must be introduced after

the blank line closing the boundary condition set. For a scattering problem, the condition is:
-1 N

where N is the node number of the electrode. For a radiation problem, the condition is:
-2 N

where N is the node number of the hot electrode. In this case, the applied voltage of this electrode has to be prescribed using
the EXCITATIONS command.

3.4.2 Boundary conditionsin local axes

Boundary conditions in terms of local axes can be specified in several cases. First, a displacement to be constrained at a node
can be in a direction that is not parallel to a global axis (Fig. 1). Second, a boundary condition can be applied on a line that is
not parallel to a global axis or on a plane that is not perpendicular to a global axis (Fig. 2). These two cases are generally
merged (Fig. 3), which constitutes case 3.

Case 1: To define local axes at a given node N, the user must issue the following lines:
N 10 O
All A12 Al13 A21 A22 AZ23

where Al1, A12, A13 (respectively A21, A22, A23 ) are the direction cosines of y P

the first (second) local axis expressed in the global coordinate system. Then, b
degrees-of-freedom at node N are automatically defined by the code in the new N

local axes and they can be constrained using the same data lines as for the first

group. If the same global axes have to be defined for all the nodes that belong to X
the same line or plane P containing the node N, the preceding data set has to be Figure 1

modified by simply substituting for the first line the following one:

-N 10 P

Case 2: To constrain nodes belonging to a plane that is not perpendicular to a
global axis (1, 2 or 3), the corresponding line of the first group has to be
modified by substituting 9001 for P and adding immediately following this line
a second line that contains the direction cosines A1, A2 and A3 of the normal to
this new plane, expressed in the global coordinate system. Thus, if the degrees-

of-freedom of type D of all the nodes that belong to this plane have to be
deleted, the two data lines are: Figure 2

-N D 9001
Al A2 A3

To constrain nodes belonging to a line that is not parallel to a global axis, (3, 4, or 5), 9004 must be substituted for P and
following a second line must be added that contains the direction cosines Al, A2 and A3 of this new line, in the global
coordinate system. One obtains:

-N D 9004

Al A2 A3
Case 3: Finally, the two preceding cases can be merged simply by mixing the corresponding data lines. Thus, if the preceding

local axes have to be defined for all the nodes belonging to the plane described in case 2:



-N 109001 y

All Al2 A13 A21 A22 A23 p D
Al A2 A3 {
N

For a line that is different from the global axes system, the data are written in the same order,

substituting 9004 for 9001, with A1, A2 and A3 becoming the direction cosines of this line.
REMARKS X

Figure 3
® A blank line closes this data line set. 9

® Constraints on different degrees-of-freedom can be merged. Thus if the same constraint has
to be applied to Ux and U,, D = 13.

® When D = 0, all degrees-of-freedom are clamped.

® The null flux condition is the natural condition of a fluid domain (pressure gradient flux) or of a piezoelectric domain
(electrical field flux) or of a magnetic domain (reduced magnetic field flux).

Examples:
+ -1 11 * yOzisa SYMMETRY PLANE (node 1ison O)
+ -1 12 3 * xQy isan ANTISYMMETRY PLANE
+-45 4 1 * Electrode at V=0
+-68 4 1 * Electrode at V=0
+ -66 4 -1 * Excitation electrode
+

Note: For a modal analysis, the electrical short-circuit conditions (resonance) would have to be written:

+-45 4 1 * Electrode at V=0

+-68 4 1 * Electrode at V=0

+-66 4 1 * Excitation electrode at V=0
+

and the open-circuit conditions (antiresonance) would have to be written:

+-45 4 1 * Electrode at V=0

+-68 4 1 * Electrode at V=0

+-66 4 -1 * Floating voltage electrode
+

Example of a non standard symmetry plane (xOz plane rotated 15° around Oz)
« -1 109001 * DEFINE LOCAL AXES ON THE PLANE
0.965926 0.258819 0.0 -0.258819 0.965926 0.0
-0.258819 0.965926 0.0
-1 29001 * FREEZE LOCAL UY DISPLACEMENTSON THAT PLANE
-0.258819 0.965926 0.0
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4 ELEMENTSDESCRIPTION

4.1 Introduction

This chapter describes the finite elements available in the ATILA code. For each element, the name, definition, list of the

degrees-of-freedom associated with the nodes (translations, rotations, electrical potential, magnetic potential, pressure), and

entry parameters (topology, material properties, geometrical properties) are provided.

Most of the elements in the ATILA library are isoparametric. Thus, complex structures with curved sides or faces can be

modelled using a reduced number of elements. Nevertheless, the best results are obtained when these elements have a

reasonable aspect ratio. Wild distortions lead to inaccuracies because the assumptions made within the code for strains

become unrealistic. Extreme distortion may even cause program failure (negative Jacobian determinant). The user should

guard against excessive distortion by adhering to the following guidelines for sides of 2-D elements or for faces of 3-D

elements:

the angles between adjacent sides of quadrilaterals should be between 45 and 135 degrees

the angles between adjacent sides of triangles should be between 30 and 100 degrees

in elements with curved sides, the radius of curvature of each side should exceed the length of the longest side

for one element, the ratio between the smallest and largest dimensions must be less than or equal to 3 in single precision
and 5 in double precision

midside nodes must be at equal distance from their respective corner nodes.

Element node numbering generally follows simple rules:

Corner nodes first, then midside nodes (the only exception is the SHELO3E element).
The first node gives the axis center, local to the element.

The second node gives the direction of local Ox axis.

The third node, when available, gives the direction of local Oy axis.

WARNING



All data (except the angles) must be given using MKS units or any coherent unit system deduced from the

MKS system. Angles are always in degrees.



4.2 ATILA Finite Element Library

Cat. Category. PE:
B: Bulk element. PA:
P: Plate element. AXI:
Sh: Shell element. PRO:

Sp: Spring element.

£

Thin film element.
T: Trilaminar element.

422 SHAPE MEMORY MATERIAL

2D dements
Ca. Shepe  #of Name Page PE| P AXI PR
nodes A (0]
Sp  Linear 2 SPRIO2AM | 108 vV

Linear 2 SPRIO2AS 110

423 COMPOSITE

2D dements
Ca. Shape #of Name Pge PP AP
nodes EAXR
[Ne)
B | Quadrilaterd 8 QUADO8C @ 114 v

Available for Plane-stress class.

Available for Plane-strain class.

Available for Axisymmetrical class.

Available for Propagation class.

3D dements
Ca. Shape #of Name Page
nodes
Sp Linear 2 SPRIO2AM | 108
Linear 2 SPRIO2AS 110
3D dements
Cat. Shape #of Name Page
nodes
B Hexahedral 20 HEXA20C 9
Sh | Quadrilatera 8 SHEL08C | 113
Triangular 6 SHEL06C



4.2.4 Elastic

2D elements 3D eements
Ca. Shape # of Name Page PP AP Ca. Shape # of Name Page
nodes EAXR nodes
1 O B Hexahedral 20 HEXAZ20E | 115
B | Quadrilatera 8 QUADOBE 120 V Vv Vv V¥ Prismatic 15 PRISI15E
Triangular 6 TRIAOGE Pyramida 13 PYRA13E
Sh Linear 3 SHELO3E | 121 v Tetrahedra 10 TETR10E
Sp Linear 2 SPRIOZE | 119 v Y P Quadrilaterd 8 PLATOBE 116
Triangular 6 PLATO6E
Sh | Quadrilaterd 8 FACEOBE 117
Sp Linear 2 SPRIO2E 119

425 ELECTROSTRICTIVE

2D dements 3D dements
Cat. Shape #of Name Pege PP AP Cat. Shape #of Name Page
nodes EAXR nodes
I O B Hexahedrd 20 HEXA20ES 122
B | Quadrilatera 8 | QUADOBES 122 VAR Prismatic 15 PRISISES
Triangular 6 TRIADGES Pyramidal 13  PYRAI3ES

Tetrahedrd 10 TETRI0ES

4.2.6 FLUID
2D elements 3D dements
Ca. Shape #of Name Pge PP AP Ca. Shape # of Name Page
nodes E AXR nodes
I O B Hexahedral 20 HEXA20F 122
B Quadrilatera 8 QUADOSF @ 125 VARARY Prismatic 15 PRIS15F
Triangular 6 TRIAOGF Pyramidal 13 PYRA13F

Tetrahedra 10 TETR10F

4.2.7 MAGNETIC

2D elements 3D elements
Cat. Shape # of nodes Name Page PE PA AXI Ca. Shape #of Name Page
B | Quadrilateral 8 QUADO08G @ 127 v nodes
Triangular 6 TRIA06G B = Hexahedra 20 HEXA20G | 126

Prismatic 15 PRIS15G
Pyramida 13 PYRA13G
Tetrahedra 10 TETR10G



4.2.8 INTERFACE

2D elements
Ca.  Shape #of Name Page PP AP
nodes EAXR
I O
Line 6 LINEO6I 129 VARVARY
429 MAGNETOSTRICTIVE
2D elements
Ca. Shape # of Name Page PP AP
nodes EAXR
IO
B | Quadrilaterd 8 QUADOSM = 132 VARY

Triangular 6 TRIAOEM
4.2.10 PIEZOELECTRIC
2D dements
Cat. Shape # of Name Page PP AP
nodes EAXR
| O
B Quadrilatera 8 QUADOSP | 135 VAR
Triangular 6 TRIAOGP
4.2.11 DAMPERS
2D dements
Ca  Shape #of Name Pag PPAP
t. node e EAXR
S 1 O

Line 3

LINEQ3R | 137 vV

3D dements
Cat. Shape # of Name Page
nodes
Queadrilateral 16 QUAD16I 128
Triangular 12 TRIA12I
3D eements
Cat. Shape #of Name Page
nodes
B Hexahedrd 20 HEXA20M 130
Prismatic 15 PRIS15M
Pyramida 13 PYRA13M
Tetrahedra 10 TETR10M
F | Quadrilatera 16 | QUADi16M 131
3D dements
Cat. Shape # of Name Page
nodes
B Hexahedrd 20 HEXA20P 133
Prismatic 15 PRIS15P
Pyramida 13 PYRA13P
Tetrahedra 10 TETR10P
T | Quadrilaterd 8 TRILOSP 134
Triangular 6 TRILO6P
3D dements
Cat. Shape # of Name Page
nodes
Quadrilaterd 8 QUADOSR | 136
Triangular 6 TRIAOBR



4.2.12 COUPLING FEM-BEM

3D dements
2D elements Ca. Shape # of Name Page
Ca. Shape # of Name Page P P AP nodes
nodes EAXR Quadrilatera 8 QUADOBZ 137
I O Triangular 6 TRIA06Z
Linear 3 LINEO3Z 140 v
4.2.13 Mechanical local impedance
2D dements 3D eements
Ca. Shape #of Name Pege PE P AP Cda. Shape #of Name Page
nodes A XR nodes
IO Quadrilatera 8 QUADOBZ 137
Linear 3 LINEO3Z 140 v Triangular 6 TRIA06Z

4.3 Element description

The ATILA element library is described on the following pages.

4.3.1 SPRIO2AM

Description
The SPRIO2AM element is a two-node spring element used to model the memory effect of a shape memory material.

Active degrees-of-freedom
Uy, Uy, and U, (3 translations).

Topology
y
[
1 2
0 SPRIOZAM
Parameters
.MATERIALS entry parameters GEOMETRY entry parameters

These correspond to a shape memory alloy with a | S where S is the cross section area of the rod

memory behaviour (chap.3).

Remarks

For this element, the performed analysis is restricted to a combination of loading from O to the requested static forces and
unloading from that maximum back to 0

In three-dimensional models, the section S must be divided by the number of symmetry planes + 1. In axisymmetrical models,
the section S must be divided by 2.



Care should be taken about lateral displacements, as there is no stiffness associated to them. The common rule is either to
block them or to make them equal to their neighboring elements.
Example

GEOMETRY 8 9 10

1=0.0005 * Section 1
2=0.0015 * Section 2

ELEMENTS
SPRIO2ZAM SMA1 2

45 * Therod 1 2 3

SPRIO2AM SMA11 = 51/56/58* The"umbredla"

QUADOSE STEEL
138102679
END
4 2 6 * SameOy displacement asthat of node 6
5 2 6 * ldem



4.3.3 SPRIO2AS

Description
The SPRIO2AS element is a two-node spring element used to model the superelastic effect in a shape memory material.

Active degrees-of-freedom
Uy, Uy, and U, (3 translations).

Topology
¥
CH
1 2
X
0 SPRIO2ZAS

Parameters
MATERIALS entry parameters GEOMETRY entry parameters
These correspond to a shape memory alloy with a S
superelastic behaviour (chap. 3.3 ) where S is the cross section area of the rod.

Remarks

For this element, the performed analysis is restricted to a combination of loading from O to the requested static forces and
unloading from that maximum back to 0

In three-dimensional models, the section S must be divided by the number of symmetry planes + 1. In axisymmetrical models,
the section S must be divided by 2.

Care should be taken about lateral displacements, as there is no stiffness associated to them. The common rule is either to
block them or to make them equal to their neighbouring elements.

Example
GEOMETRY 8 2 19
1=0.0005 * Section 1
2=00015 * Section 2 i s 6 7
ELEMENTS ! 2 3

SPRIO2AS SMA2 2 4 5* Therod

SPRIO2AS SMA2 1 51/56/58* The"umbrdla"

QUADOBE STEEL
138102679

END



4.3.4 HEXA20C (27)

Description

The HEXA20C element is a twenty-node isoparametric hexahedron used to model multi-layer composite materials. The
formulation of this element relies on the Halpin and Tsai model. The element must be a part of a thick plate or of a thick
cylindrical shell having a circular cross-section. It must be simply curved with a constant thickness and a constant curvature in
the element Oxy plane. No curvature or thickness variation is allowed in the element Oyz plane.

Active degrees-of-freedom

Uy, Uy, and Uy, (3 translations).

Topology




(fiber skew angle PHI1 shown here)

Parameters

MATERIALS entry parameters GEOMETRY entry parameters

Fiber and resin characteristics. See the detailed NLAY PHI1 PHI2 ... PHIN

description of the MATERIALS entry, (chap. 3.3 ) where NLAY is the number of layers, PH1 to PHIN
are, for each layer, the values of the fiber skew angle

referenced to the element Oz axis. All layers have the
same thickness, deduced from element size and NLAY.
Remarks
® Modeling of shells of various thicknesses and curvatures is possible by assembling several elements so as to discretize this
variation. ATILA does not detect unallowed element curvature or thickness variations.

® Shells with double curvature can be modeled with the facet assumption.

Example
GEOMETRY
2=4 30. -30. 30. -30.

ELEMENTS
HEXA20C PLC3 2
1368131518202457 91011 12 14 16 17 19




4.3.5 SHELO08C, SHEL06C

Description

These eight-node or six-node curved shell elements are used to model multi-layer composite materials. The formulation of this
element relies on the Halpin and Tsai model.

Active degrees-of-freedom

Uy, Uy, U,, 6, and Gy (3 translations, 2 rotations).

Topology

2]

(Fiber skew angle PHI1 shown here)

Parameters

MATERIALS entry parameters GEOMETRY entry parameters

Fiber and matrix characteristics. See the detailed NLAY PHI1 PHI2 .. PHIN T

description of the MATERIALS entry, (chap. 3.3 ) where NLAY is the number of layers, PH1 to PHIN
are, for each layer, the values of the fiber skew angle
referenced to the element Ox axis, T is the shell
thickness.

Remark

— — —

Degrees-of-freedom 8y and 9y are expressed in local axis. For each node, if Vg is the vector normal to the element, X, Y and Z
are the directions of the globaléaxis, B is the rotation around the direction Vlz ?DVS and By the rotation around the
direction Vz ivsmj r Lf Vs and Y are parallel, 8, is the rotation around the direction \/ 1= X[ Ve and By the rotation around

the direction V,= V4V,

Example
GEOMETRY
2 =4 30.-30. 30. -30. 0.01

ELEMENTS
SHELO0SC PLC3 2
61834725




4.3.6 QUADO8C

Description

The QUADOSC element is an eight-node isoparametric element used to model composite materials in axisymmetrical analysis.
The formulation of this element relies on the Halpin and Tsai model. Ox is the axis of symmetry. The shell can be doubly
curved.

Active degrees-of-freedom

Uy, and Uy (2 translations).

Topology
¥
3 & 4
T 1
o 7
1" 5 s
T AT

Parameters
MATERIALS entry parameters GEOMETRY entry parameters

Fiber and matrix characteristics. See the detailed NLAY PHI1 PHI2 ... PHIN

description of the MATERIALS entry, (chap. 3.3 ) where NLAY is the number of layers, PH1 to PHIN
are, for each layer, the values of the fiber skew angle
referenced to the element Oz axis.

Remark

Local axes (directions 1-2, 1-3, and global Oz) of all 2D elements must form either a uniquely direct or a uniquely inverted
system. ATILA does not detect inconsistent axes.

Example

GEOMETRY
2=4 30.-30. 30. -30.

ELEMENTS
QUADO8BC PLC3 2
61834725




4.3.7 HEXAZ20E, PRIS15E, PYRA13E, TETRI10E

Description
These isoparametric elements are used to model isotropic elastic materials, with or without material losses.

Active degrees-of-freedom
Uy, Uy, and U,, (3 translations).

Topologies
z &
¥ 1 14
12
z 4
O 3 13
2
7 1| g 1 9
13 13
5 S S—: 1 7
L5 la PRI LSE
13 1
12
3 4
a 11
1 g 2
HEXAXNE PrRALIE
Parameters
MATERIALS entry parameters GEOMETRY entry parameters

These correspond, depending upon the case, to an | Not required.
isotropic elastic material, with or without material
losses (chap. 3.3)

Remark
Local axes (directions 1-2, 1-3, and 1-5 for HEXA20E and PYRAI13E, directions 1-2, 1-3 and 1-4 for PRIS15E and
TETR10E) should form a direct system. ATILA detects inverted elements and renumbers them automatically.
Example
ELEMENTS

HEXA20E AUA4G
1368131518202457910 1112 14 16 17 19




4.3.8 PLATOSE, PLATOGE

Description

These flat plate elements are used to model isotropic elastic materials with or without material losses. They rely on the
classical Love-Kirchhoff hypotheses and must be flat.

Active degrees-of-freedom

U,, 6, and Gy (1 translation, 2 rotations).

Topologies
¥
3
3 E |
=
o lu] 7 lal 5
1 = 2 1 .| 2
Gl ATACEE TRIAOSE

Parameters
MATERIALS entry parameters GEOMETRY entry parameters

These correspond, depending upon the case, to an T
isotropic elastic material, with or without material where T is the plate thickness
losses (chap. 3.3)

Remarks

The longitudinal and lateral dimensions of the plate must be at least ten times the thickness.

These elements can be superimposed on the QUADOSE or TRIAOGE elements (plane-stress condition) to generate a plane
element that enables the facet modeling of shells (see FACEOSE).

Local axes must be defined (chap. 3.3 )so that the x and y directions for the degrees of freedom of each node of the element

are the local x and y directions of the element.

Example
GEOMETRY = 10=0.065 * Thickness

ELEMENTS
PLATOBE AU4G 10
61834725




4.3.9 FACEOSE

Description

The FACEOSE element is an eight-node quadrilateral thin shell element, used for homogeneous isotropic elastic materials,
with or without material losses. It is plane and enables the facet modeling of shells. It relies on the classical Love-Kirchhoff
hypotheses and must be flat (facet).

Active degrees-of-freedom

Uy, Uy, Uy, B4, and Sy (3 translations, 2 rotations).

Topology
¥
3 g 4
X
O ? 7
1 3 2

FACEOSE



Parameters
MATERIALS entry parameters GEOMETRY entry parameters
These correspond, depending upon the case, to an T

isotropic elastic material, with or without material | where T is the shell thickness.
losses (chap. 3.3 )

Remarks

The longitudinal and lateral dimensions of the shell must be at least ten times the thickness.

This element is equivalent to the superposition of the QUADOSE element (plane-stress condition) and the PLATOSE element.
Local axes must be defined (chap. 3.3 )so that the x and y directions for the degrees of freedom of each node of the element

are the local x and y directions of the element.

Example
GEOMETRY = 10=0.065 * Thickness

ELEMENTS
FACEO8SE AU4G 10
61834725




4.3.10 SPRIO2E

Description

The SPRIO2E element is a two-node linear spring element, which is only able to transmit to its two limiting nodes a restoring
force due to a change of its length. The spring constitutive material may or may not include material losses. Its classical use is
the modeling of prestress rods.

Active degrees-of-freedom

Uy, Uy, and U, (3 translations).

Topology
¥
F
1 2
: SERIOIE
o 2

Parameters

MATERIALS entry parameters GEOMETRY entry parameters

These correspond, depending upon the case, to an S
isotropic elastic material, with or without material | where S is the cross section area of the rod.
losses (chap. 3.3)
Remarks
In three-dimensional models, the section S must be divided by the number of symmetry planes + 1. In axisymmetrical models,
the section S must be divided by 2.
This element is nothing more than a classical spring with mass. Use of this element can lead to spurious but real modes in a
modal or harmonic analysis. These “rod” modes can be shifted without effect on the other results, by artificially dividing the
rod density by 100, for example, to multiply their resonance frequencies by 10.
Care should be taken about lateral displacements, as there is no stiffness associated to them. The common rule is either to
block them or to make them equal to their neighbouring elements.
Example

GEOMETRY ] 9 1o

1=0.0005 * Section 1
2=0.0015 * Section 2

ELEMENTS
SPRIO2E STEEL 2

L
-l

4 5* Therod 1

SPRIO2E STEEL 1 51/56/58* The"umbrédla"

QUADOBE STEEL
138102679
END
4 2 6 * SameOy displacement asthat of node 6
52 6 * ldem



4.3.11 QUADOSE, TRIAOGE

Description
These isotropic elements are used to model isotropic elastic materials with or without material losses. They can be used for

plane-stress, plane-strain or axisymmetrical analyses. For axisymmetrical problems, the global Ox axis is the axis of
symmetry.

Active degrees-of-freedom

Uy, and Uy (2 translations).

Topologies
¥
3
3 3 dq
T
o ] 7 ] 5
1 = 2 1 a 2
U ATOIE TRIAOSE

Parameters
MATERIALS entry parameters GEOMETRY entry parameters

These correspond, depending upon the case, to an T

isotropic elastic material, with or without material where T is the thickness of the element. Not required

losses (chap. 3.3) and ignored for plane-strain or axisymmetrical
analyses.

Remark
Local axes (directions 1-2, 1-3, and global Oz) of all 2D elements must form either a uniquely direct or a uniquely inverted
system. ATILA does not detect inconsistent axes.

Example

CLASSPLSTRESS
GEOMETRY = 10=0.065 * Thickness

ELEMENTS
QUADOBSE AUA4G 10
61834725




4.3.12 SHELO3E

Description

The SHELO3E element is a three-node axisymmetrical thin shell element, with or without material losses, the formulation of
which takes account of its double curvature. It relies on the classical Love-Kirchhoff hypotheses. The global Ox axis is the
symmetry axis.

Active degrees-of-freedom

Uy, Uy, and 6, (2 translations, 1 rotation).

Topology
¥
ey
z 1 2 3
o SHELOIE
Parameters
MATERIALS entry parameters GEOMETRY entry parameters

These correspond, depending upon the case, to an T R
isotropic elastic material, with or without material where T is the thickness of the element and R its radius
losses (chap. 3.3) of curvature.

Remarks

If R is null, the element is assumed to be straight.

The y ordinate of a shell point must be positive.

The numbering of the element nodes must be generated in ascending order of x: X(N1) .LE. X(N2) .LE. X(N3)
The longitudinal and radial dimensions of the shell must be at least ten times the thickness.

Example
GEOMETRY
4=0.065 0.7 * Thickness + radius
5=0.065 0.9 * Thickness+ radius

12
ELEMENTS f”J?;_HEFJ?;ﬂ

SHELO3E AU4G 5 14
25 23 22

SHELO3E AU4G 4 —_———
16 19 25



4.3.13 HEXAZ20ES, PRISISES, PYRAI13ES, TETRI10ES

Description
These isoparametric elements are used to model electrostrictive materials.

Active degrees-of-freedom

Uy, Uy, U, , and ® (3 translations, 1 electrical potential).

Topology
Fd
¥
X
O
7 20 8
18 T
5 17
15 16 PRISISES
13 LeF
3 12
2 4
1a 11
1 9 2
HEXAZQES
Parameters
MATERIALS entry parameters GEOMETRY entry parameters

The elastic, electrostrictive, dielectric tensors, and the ' Not required
density (see the detailed description of the
MATERIALS entry in Chapter 3.3.22).

Remarks
The STRESS command is required when using these elements.
Example

GEOMETRY POLARIZATION CARTESIAN
1=0.0.0.*

ELEMENTS
HEXAZ20ES PMN 1
1368131518202457 91011 12 14 16 17 19




4.3.14 QUADOSBES, TRIAOGES

Description
These isoparametric elements are designed to model any electrostrictive material. They can be used for plane-strain or

axisymmetrical analyses.
Active degrees-of-freedom

Uy, Uy, and ® (2 translations, 1 electrical potential).

Topology
¥
3
3 3 dq
1
o 1 7 1 5
1 L E 1 4 2
1T ATOIE TRIAOSE

Parameters
MATERIALS entry parameters GEOMETRY entry parameters

The elastic, electrostrictive, dielectric tensors, and the Not required
density (see the detailed description of the
MATERIALS entry in Chapter 3.3.22).

Remarks
The STRESS command is required when using these elements.

Example
GEOMETRY POLARIZATION CARTESIAN
1=0.0.0.
ELEMENTS

QUADOSP PMN 1
61834725




4.3.15 HEXAZ20F, PRIS15F, PYRA13F, TETR10F

Description
These isoparametric elements are used to model homogeneous fluid media, with or without losses.

Active degrees-of-freedom

The pressure P.

Topology
z 5§

5 L7 & 1 7
15 18 PRISLSF

HEXAXMIE PYRALIF
Parameters
MATERIALS entry parameters GEOMETRY entry parameters
These correspond, depending upon the case, to a fluid, | Not required.

with or without material losses (chap. 3.3 )

Remark
Local axes (directions 1-2, 1-3, and 1-5 for HEXA20F and PYRAI13F, directions 1-2, 1-3 and 1-4 for PRIS15F and TETR10F)
should form a direct system. ATILA detects inverted elements and renumbers them automatically.
Example

ELEMENTS

HEXA20F WATER
1368131518202457 9101112 14 16 17 19




4.3.16 QUADOS8F, TRIAOGF

Description
These isoparametric elements are used to model homogeneous fluid media, with or without material losses. These elements

can be used for plane-strain or axisymmetrical analyses.

Active degrees-of-freedom

The pressure P.
Topology
¥
3
3 3 4
1
o =] 7 =] 5
1 5 E 1 4 k]
QU ATHE TRIADSE

Parameters
MATERIALS entry parameters GEOMETRY entry parameters

These correspond, depending upon the case, to a fluid, Not required.
with or without material losses (chap. 3.3 )

Remark
Local axes (directions 1-2, 1-3, and global Oz) of all 2D elements must form either a uniquely direct or a uniquely inverted
system. ATILA does not detect inconsistent axes.
Example
ELEMENTS

QUADOBF WATER
61834725




4.3.17 HEXAZ20G, PRIS15G, PYRA13G, TETR10G

Description
These isoparametric elements are used to model isotropic magnetic media.

Active degrees-of-freedom

The magnetic potential @.

Topology
z &
¥ 1 14
12
T |
O 3 13
=
7 1| g 1 9
13 19
5 l:l' 5] 1 37
L5 la PRIZLSS
13 1
12
3 4
14Q 11
1 g 2
HEXKA 20 PYRALIG
Parameters
MATERIALS entry parameters GEOMETRY entry parameters

These correspond, depending upon the case, to an Not required.
isotropic magnetic material, with or without material
losses (chap. 3.3)

Remarks

The elements may be safely superimposed to elastic and fluid elements, allowing the extent of the magnetic domain inside
purely elastic parts of the structure.

Local axes (directions 1-2, 1-3, and 1-5 for HEXA20G and PYRAI13G, directions 1-2, 1-3 and 1-4 for PRIS15G and
TETR10G) should form a direct system. ATILA detects inverted elements and renumbers them automatically.

Example
ELEMENTS
HEXA20G VACUUM
1368131518202 457 910 11 12 14 16 17 19




4.3.18 QUADOS8G, TRIA06G

Description
These isoparametric elements are designed to model any isotropic magnetic media. These elements can be used for plane-

strain or axisymmetrical analyses.
Active degrees-of-freedom

The magnetic potential @.

Topology
¥
3
3 3 4
T
o 1 7 1 5
1 5 2 1 4 2
LT AT TRIAOGS

Parameters
MATERIALS entry parameters GEOMETRY entry parameters

These correspond, depending upon the case, to an  Not required.
isotropic magnetic material, with or without material
losses (chap. 3.3 )

Remarks

The elements may be safely superimposed to elastic and fluid elements, allowing the extent of the magnetic domain inside
purely elastic parts of the structure.

Local axes (directions 1-2, 1-3, and global Oz) of all 2D elements must form either a uniquely direct or a uniquely inverted
system. ATILA does not detect inconsistent axes.

Example
ELEMENTS
QUADO08G VACUUM
61834725




4.3.19 QUADI16I, TRIA12I

Description
These isoparametric elements are used to ensure the matching between solid and fluid meshes along their interface. An
element includes 8 solid nodes and 8 fluid nodes that have the same coordinates as the solid nodes. It has no thickness.

Active degrees-of-freedom

Uy, Uy, and U, for each solid node (3 translations), and P (the pressure) for each fluid node.

Topology
3
3
/ l'-' - !
m 13 L 5
2 3
? -
Flmd meash Flmid m=sh
QUAD LET TRIALL
Parameters
MATERIALS entry parameters GEOMETRY entry parameters
Not required. Not required.
Remarks

Nodes 1, 2, 3,4, 9, 10, 11, 12 are fluid nodes.
Nodes 5, 6, 7, 8, 13, 14, 15, 16 are solid nodes.
The local Oz axis, which is computed from local Ox (direction 1-2) and Oy (direction 1-3) axes, must be oriented from the
fluid domain into the solid domain. ATILA does not detect inverted elements.
Example
ELEMENTS

QUAD16I
91411161638121015134275




4.3.20 LINEOG6I

Description

The LINEOG6I element is a six-node isoparametric element used for plane-strain (bidimensional) or axisymmetrical analyses. It
ensures the matching between solid and fluid meshes along their interface. It includes 3 solid nodes and 3 fluid nodes that have
the same coordinates as the solid nodes. It has no thickness.

Active degrees-of-freedom

Uy, and Uy for each solid node (2 translations), and P (the pressure) for each fluid node.

Topology
¥
Eohid meagh
3 g |
o o k9
z 1 5 1
o Fhoid maeh
LINEOSL
Parameters
MATERIALS entry parameters GEOMETRY entry parameters
Not required. Not required.
Remarks

Nodes 1, 2, 5 are fluid nodes.

Nodes 2, 3, 6 are solid nodes.

The local Oy axis, which is computed from the local Ox (direction 1-2) axis and the local Oz axis of other 2D elements, must
be oriented from the fluid domain into the solid domain. ATILA does not detect inverted elements.

Example
ELEMENTS
QUADOSE AU4G & 3 5 14 15 "
13682457 3 o a
LINEO6I
91438125 4 Sqa]3 al3

QUADOSF WATER
911 14 16 10 12 13 15




4.3.21 HEXA20M, PRIS15M, PYRA13M, TETR10M

Description
These isoparametric elements are used to model magnetostrictive materials, with or without material losses.
Active degrees-of-freedom

Uy, Uy, Uz and @3 translations, 1 magnetic potential).

Topology
z
¥
T
]
7 0 k]
15 1
s 12 &
15¢ la
13 3 13 14
- 4
10 11
1 g 2
HEXA XN PR ALIN
Parameters
MATERIALS entry parameters GEOMETRY entry parameters

LIS )

The elastic, piezomagnetic, magnetic tensors, and the  These are the coordinates of the O’x’y’z’ system origin

density (see the detailed description of the | and the Euler angles that define the natural axes of the

MATERIALS entry in Chapter 3.3.22). These material with respect to the global coordinate system

correspond, depending upon the case, to a (see the detailed description of the GEOMETRY

magnetostrictive material, with or without material POLARIZATION entry, Chapter 3.3.14).

losses (chap. 3.3 )

Remarks

® The GEOMETRY entry must be given in the particular form GEOMETRY POLARIZATION [CARTESIAN,
CYLINDRICAL, SPHERICAL)].

® Local axes (directions 1-2, 1-3, and 1-5 for HEXA20M and PYRA13M, directions 1-2, 1-3 and 1-4 for PRIS15M and
TETR10M) should form a direct system. ATILA detects inverted elements and renumbers them automatically.

Example

GEOMETRY POLARIZATION CARTESIAN
1=0.90. 0. * Polarization along global Oz

ELEMENTS
HEXA20M TERFENOL 1
1368131518202457910 1112 14 16 17 19




4.3.22 QUAD16M

Description
The QUADI6M element is a sixteen-node isoparametric element used to model magnetostrictive thin films, with or without

material losses. Because the thickness is small compared to other dimensions, a HEXA20M element is not suitable. This
element is made of two node layers having the same displacements but different magnetic potential degrees-of-freedom.
Active degrees-of-freedom

Uy, Uy, U, and @ (3 translations, 1 magnetic potential).

Topology
z
L4 3 1A
BTN
T 1Q 3 5]
o - L 11
1 9 2
QAT L&
Parameters

MATERIALS entry parameters
The elastic, piezomagnetic, magnetic tensors, and the

density (see the detailed description of the
MATERIALS entry in Chapter 3.3.22). These
correspond, depending upon the case, to a

magnetostrictive material, with or without material
losses (chap. 3.3)

GEOMETRY entry parameters
ALPHA BETA GAMMA T
These are the three Euler angles that define the natural

axes of the material with respect to the global
coordinate system, followed by the element thickness
(see the detailed description of the GEOMETRY
POLARIZATION CARTESIAN entry, (chap. 3). T is
the thickness of the film.

Remarks
® The material’s polarization must be CARTESIAN.

The longitudinal and lateral dimensions of the element must be at least ten times the thickness.

® On the film boundaries, the user must provide appropriate boundary conditions: the magnetic degrees of freedom of the

two node layers must be set equal.

Example

GEOMETRY POLARIZATION CARTESIAN

6=0.0.0.0.0001 * polarization along global Ox

ELEMENTS
QUAD16M TERFENOL 6

91411161638121015134275

END
14 4 6 * Same magnetic potential

12 4 4 * onthe magnetostrictive film edges

941




4.3.23 QUADO8BM, TRIAO6M

Description
These isoparametric elements are designed to model any magnetostrictive material, with or without material losses. These

elements can be used for plane-strain or axisymmetrical analyses.

Active degrees-of-freedom

Uy, Uy, and @ (2 translations, 1 magnetic potential).

Topology
¥
3
3 3 dq
1
o 1 7 1 5
1 L E 1 4 2
LT AT TRIAOEN

Parameters
MATERIALS entry parameters GEOMETRY entry parameters

LRSI )

The elastic, piezomagnetic, magnetic tensors, and the  These are the coordinates of the O’x’y’z’ system origin
density (see the detailed description of the | and the Euler angles that define the natural axes of the
MATERIALS entry in Chapter 3.3.22). These material with respect to the global coordinate system
correspond, depending upon the case, to a (see the detailed description of the GEOMETRY
magnetostrictive material, with or without material POLARIZATION entry, Chapter 3.3.14).

losses (chap. 3.3 )

Remarks

The GEOMETRY entry must be given in the particular form GEOMETRY POLARIZATION [CARTESIAN, CYLINDRICAL,
SPHERICAL].

Local axes (directions 1-2, 1-3, and global Oz) of all 2D elements must form either a uniquely direct or a uniquely inverted

system. ATILA does not detect inconsistent axes.

Example
GEOMETRY POLARIZATION CARTESIAN
1=90. 0. 0. * Polarization along global Oy

ELEMENTS
QUADOSBM TERFENOL 1
61834725




4.3.24 HEXAZ20P, PRIS15P, PYRA13P, TETR10P

Description
These isoparametric elements are used to model piezoelectric materials with or without material losses.

Active degrees-of-freedom

Uy, Uy, Uz, and ® (3 translations, 1 electrical potential).

Topology
z &
¥ 15 14
12
T 4 o
o1 T A3
7 X B - 9
13 ] o
5 175 1 7
15 la PRIZLSP
13 3 13 14
- 4
la 11
1 -] 2
HEX AP PYRALIP
Parameters
MATERIALS entry parameters GEOMETRY entry parameters

LIS )

The elastic, piezoelectric, dielectric tensors, and the  These are the coordinates of the O’x’y’z’ system origin

density (see the detailed description of the | and the Euler angles that define the natural axes of the

MATERIALS entry in Chapter 3.3.22). These material with respect to the global coordinate system

correspond, depending upon the case, to an isotropic | (see the detailed description of the GEOMETRY

elastic material, with or without material losses (chap. POLARIZATION entry, Chapter 3.3.14).

33)

Remarks

® The GEOMETRY entry must be given in the particular form GEOMETRY POLARIZATION [CARTESIAN,
CYLINDRICAL, SPHERICAL)].

® Local axes (directions 1-2, 1-3, and 1-5 for HEXA20P and PYRA13P, directions 1-2, 1-3 and 1-4 for PRIS15P and
TETR10P) should form a direct system. ATILA detects inverted elements and renumbers them automatically.

Example

GEOMETRY POLARIZATION CARTESIAN
1=0.90. 0. * Polarization along global Oz

ELEMENTS
HEXAZ20P X51 1
1368131518202457910 1112 14 16 17 19




4.3.25 TRILO8P, TRILOG6P (5)

Description

The TRILOSP element is an eight-node quadrilateral used to model piezoelectric trilaminars. These trilaminars are composed
of a metallic core sandwiched between two plates of a piezoelectric material. The element formulation relies, for the
mechanical part, on the classical Love-Kirchhoff hypotheses. The polarization and the electrical field are taken perpendicular
to the plane and uniform on the piezoelectric plates.

Active degrees-of-freedom

U,, 6y, Gy, and @ (1 translation, 2 rotations, 1 electrical potential). In this case, the LCPPDC command must be used to

reorder the degrees-of-freedom.

Topology
¥
3
7 ) 4
T
o a 7 g 3
1 5 E | 4 2
TRILZAP TRILOSE
Parameters
MATERIALS entry parameters GEOMETRY entry parameters

Young’s modulus, Poisson’s ratio, and density for the TM TP
metallic layer, elastic, piezoelectric, dielectric tensors, where TM is the thickness of the metallic layer and TP
and density for the piezoelectric part. (see, chap. 3.3 ). | the piezoelectric plate thickness.

Remarks
The longitudinal and lateral dimensions of the whole plate must be at least ten times the thickness.

The MATERIALS entry has a specific form because of the existence of two distinct materials (see chap.3).

Example
GEOMETRY = 4=0.0650.003 * Thicknesses

ELEMENTS
TRILO8P AG5X3l 4
61834725




4.3.26 QUADO8P, TRIAOGP

Description

These isoparametric elements are designed to model any piezoelectric material, with or without material losses. These
elements can be used for plane-strain or axisymmetrical analyses.

Active degrees-of-freedom

Uy, Uy, and ® (2 translations, 1 electrical potential).

Topology
¥
3
3 3 dq
1
o 1 7 1 5
1 L E 1 4 2
1T ATOEE TRIAOSE

Parameters
MATERIALS entry parameters GEOMETRY entry parameters

LRSI )

The elastic, piezoelectric, dielectric tensors, and the  These are the coordinates of the O’x’y’z’ system origin
density (see the detailed description of the | and the Euler angles that define the natural axes of the
MATERIALS entry in Chapter 3.3.22). These material with respect to the global coordinate system
correspond, depending upon the case, to an isotropic | (see the detailed description of the GEOMETRY
elastic material, with or without material losses (chap. POLARIZATION entry, Chapter 3.3.14).

33)

Remarks

® The GEOMETRY entry must be given in the particular form GEOMETRY POLARIZATION [CARTESIAN,
CYLINDRICAL, SPHERICAL)].

® Local axes (directions 1-2, 1-3, and global Oz) of all 2D elements must form either a uniquely direct or a uniquely inverted
system. ATILA does not detect inconsistent axes.

Example
GEOMETRY POLARIZATION CARTESIAN
1=90. 0. 0. * Polarization along global Oy

ELEMENTS
QUADOS8P X51 1
61834725




4.3.27 QUADOSR, TRIAOGR

Description
These isoparametric elements are used to prescribe a monopolar or dipolar radiation condition. They are attached to the

outside surface of a three-dimensional fluid mesh.

Active degrees-of-freedom

The pressure P.
Topology
¥
3
3 3 4
1
o =] 7 =] 5
1 5 E 1 4 2
QU AT E TRIAOSR

Parameters
MATERIALS entry parameters GEOMETRY entry parameters
These correspond to a fluid, without material losses R
(chap. 3.3) where R is the element radius of curvature.

Remarks

The local Oz axis, which is computed from local Ox (direction 1-2) and Oy (direction 1-3) axes, must point away from the
fluid mesh. ATILA does not detect inverted elements.

All radiating elements must lie on a unique spherical surface, whose center is consistent with the structure’s center of
radiation. This surface cannot reside in the near-field, except when the RADIATION DIPOLAR entry is provided.

ATILA does not check the consistency between the radius provided by the geometry entry and the element curvature. It does

not check the presence of multiple spherical surfaces.

Example
GEOMETRY = 3=7.5 * Radius

ELEMENTS
QUADOBR WATER 3
61834725




4.3.28 LINEO3R

Description

The LINEO3R element is a three-node isoparametric linear element used to prescribe a monopolar or dipolar radiation
condition. It must be circular and attached on the outer surface of a two-dimensional fluid domain. It can be used for plane-
strain and axisymmetrical analyses.

Active degrees-of-freedom

The pressure P.
Topology
¥
=
1 3 1
by LINEDIR
O
Parameters
MATERIALS entry parameters GEOMETRY entry parameters

These correspond to a fluid, without material R
where R is the element radius of curvature.

losses (chap. 3.3 )

Remarks

® The local Oy axis, which is computed from the local Ox (direction 1-2) axis and the local Oz axis of other 2D elements,
must be oriented away from the fluid domain. ATILA does not detect inverted elements.

® All radiating elements must lie on a unique spherical or cylindrical surface, whose center is consistent with the structure’s
center of radiation. This surface cannot reside in the near-field, except when the RADIATION DIPOLAR entry is
provided.

® ATILA does not check the consistency between the radius provided by the geometry entry and the element curvature. It

does not check the presence of multiple spherical spheres or cylinders.

Example 15
GEOMETRY = 4=0.75 * Radius

ELEMENTS =

LINEO3R WATER 4
16 18 17



4.3.29 QUADO08Z, TRIA06Z

Description

These isoparametric elements are used to couple an ATILA finite-element model with a CHIEF-type or EQI-type boundary-
element model, or to load a solid structure with a frequency-dependent local mechanical impedance. In the first use (BEM
coupling), it is superimposed on the radiating surfaces of the mesh of the solid structure. These elements must be ordered in
the file in the same way as the mutual impedance matrix described in the JOB.ZRAD file. In the second use (local impedance),
the local mechanical impedance is provided by means of a fluid material’s constants and a geometry number corresponding to
the coefficients of a ratio of two frequency dependent polynomials.

Active degrees-of-freedom

Uy, Uy, and U, (3 translations).

Topology
¥
3
3 3 4
1
o g 7 g 5
1 5 2 1 d 2
QU AT TRIAOES

Parameters
MATERIALS entry parameters GEOMETRY entry parameters
Not required for BEM coupling. Not required for BEM coupling.
Not used but required for local impedance. N D CVr CVy CVk CYy .. CN(N_DR CN(N_DI &

CDOR CDOI CDIR CDII ooe CD(D-I)R CD(D-I)I
where N and D are the number of terms in the
numerator and denominator (polynomial orders
minus one), CVe + j CN, is the complex constant of
the i® power of pulsation ® in the numerator and C’p
+j CP, is the complex constant of the in power of

pulsation w in the denominator.

The local impedance Z(w) is

[N vxy X

_—\ \ s ) \ ~ \ AR \rroRyE
Z(w)=7— . .\ . \ . ) \

Remark

® The local Oz axis, which is computed from local Ox (direction 1-2) and Oy (direction 1-3) axes, must point away from the
ATILA mesh.

® The local impedance is the default element behavior. The EQI or CHIEF commands (Chapter 3.3.9) set the BEM coupling
behavior.

® [fN<0, Z(w)is setto 0. If D <0, the denominator of Z(w) is set to 1.

® The geometry numbers are designed to deal with a maximum number of ten values. If more values are needed, the user
must provide geometry numbers increasing by a value of more than 1, in order to leave space for extra geometry values.
For example, if geometry number 3 needs 28 values, then the next used geometry number must be greater or equal to 6,
that is, 3 + next_integer(28/10).



Example 1
CHIEF
ELEMENTS
QUADO08z
61834725

Example 2
GEOMETRY
2=224& * Thisgeometry toset Z(w) = pcC
jkal/(1 + jka)
0.0. 0.100. & * that is, the radiation impedance of a pulsating sphere
1.0. 0.6.7156E-05 * of radius=0.1in water.

ELEMENTS
QUADO8Z DUMMY 2
61834725



4.3.30 LINEO3Z

Description

The LINEO3Z element is a three-node isoparametric element used either to couple an ATILA finite-element model with a
CHIEF-type or EQI-type boundary element model, or to load a solid structure with a frequency-dependent local mechanical
impedance. In the first use (BEM coupling), it is superimposed on the radiating surfaces of the mesh of the solid structure.
These elements must be ordered in the file in the same way as the mutual impedance matrix described in the JOB.ZRAD file.
In the second use (local impedance), the local mechanical impedance is provided by means of a fluid materials constants and a
geometry number corresponding to the coefficients of a ratio of two frequency dependent polynomials.

Active degrees-of-freedom

Uy, and Uy (2 translations).

Topology
¥
(=
1 3 2
: LINEOIZ
O
Parameters
MATERIALS entry parameters GEOMETRY entry parameters
Not required for BEM coupling. Not required for BEM coupling.
Not used but required for local impedance. N D CVpg CYy CVr CVyp e CVixire
CN(N-I)I CDOR CDOI CDIR CDII CD(D-I)R CD(D—I)I
where N and D are the number of terms in the
numerator and denominator (polynomial orders minus
one), Chk + j C; is the complex constant of the in
power of pulsation  in the numerator and Coh + j C"
is the complex constant of the i" power of pulsation ®
in the denominator.
The local impedance Z(w) is :
Cc" +jC" )+ c" +jC")w+ c" +ic" )w2+...+ c'+ic" o™
Z(w)= OR o1 IR 1 2R 21 (N-1)R (N-1)1
d - ~d d - ~d d c~d 2 d c~d D-1
C0R+JCOI)+ C1R+JCII w+ C2R+JC21 w+...+ C(D-I)R+JC(D—1)I w

Remarks

® The local Oy axis, which is computed from the local Ox (direction 1-2) axis and the local Oz axis of other 2D elements,
must be oriented away from the fluid domain. ATILA does not detect inverted elements.

® The local impedance is the default element behavior. The EQI or CHIEF commands (Chapter 3.3.9) set the BEM coupling
behavior.

® [fN<0,Z(w)is setto 0. If D <0, the denominator of Z(w) is set to 1.

® The geometry numbers are designed to deal with a maximum number of ten values. If more values are needed, the user
must provide geometry numbers increasing by a value of more than 1, in order to leave space for extra geometry values.



For example, if geometry number 3 needs 28 values, then the next used geometry number must be greater or equal to 6,
that is, 3 + next_integer(28/10).

Example 1
CHIEF 4
ELEMENTS
QUADOSE AU4G -
9114610785 q

LINEO3Z 9
465 1a

Example 2 11

& * Thisgeometry toset Z(w) = pc jka/(1 +jka)
0.100. & * that is, the radiation impedance of a pulsating sphere
0. 6.7156E-05 * of radius=0.1in water.

ELEMENTS
LINEO3Z DUMMY 2
465



4.3.31 QUADO8CV, TRIAO6CV

Description
These isoparametric elements are used to prescribe convection condition on the outer surface of a three-dimensional elastic
and piezoelectric domain. It can be used in any harmonic analyses.

Active degrees-of-freedom

The temperature T.

Topology
¥
3
3 8 4
x
B 6 7 [ 5
! 5 2 1 4 2
QUADOECY TRIAMGCY

Parameters
MATERIALS entry parameters GEOMETRY entry parameters
These correspond to a dummy material with H 7T
zero values. where H is the convective thermal film coefficient (W/

(m>-C®) and Too is the quiescent temperature (C°)

Example
MATERIAL d
DUMMY =0.0.0. 5
GEOMETRY =1= 10. 20. * HAND TM i 5
ELEMENTSQUADO8S8CVY DUMMY 161834725
3 3
1a

11



4.3.32 LINO3CV

Description
This isoparametric elements are used to prescribe convection condition on the outer surface of a two-dimensional elastic and

piezoelectric domain. It can be used in any harmonic plane-strain, plane stress and axisymmetrical analyses.

Active degrees-of-freedom

The temperature T.

Topology
¥
cr o
5 1 2 3
LINEO3CWV
0

Parameters
MATERIALS entry parameters GEOMETRY entry parameters
These correspond to a dummy material with zero g T
values. . . . -

where H is the convective thermal film coefficient (W/

(m*-C°) and TOO is the quiescent temperature (C°).
Example 1a

GEOMETRY 4 =10. 20. * Thickness + radius 17

13

ELEMENTSLINEO3CVY DUMMY 4162519 LINEO3CV
DUMMY 4 16 18 17
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5 PRE-PROCESSING AND NON GRAPHIC PROCEDURES

5.1 Introduction

ATILA can provide several different types of numerical output:

The user can create an ATILA data file from a file describing “super-elements” and instructions on how to divide them. This
finite-element mesh generator, named MOSAIQUE, is a non-graphic preprocessor of the ATILA code that generates all the
necessary element and node data for ATILA. A super-element can be a one-dimensional, two-dimensional or three-
dimensional element. It is possible to assign different types of elements (triangle, quadrilateral, hexahedron, prism) to a super-
element.

The user can display properties of the materials stored in the materials database (CPIEZO program). He or she can create
lossy piezoelectric or magnetostrictive materials from non-lossy ones, by specifying loss factors on the three main constants
blocks (MPIEZO program). He or she can check that a piezoelectric or magnetostrictive material is effectively lossy
(dissipating, not absorbing heat) (PPIEZO program).

After running a solver, the user can output the displacements for a selected frequency, time or loading case, exactly as the
output of the solver when the PRINTING level is set to 1 or more. He or she can also output the displacement for several
specific nodes and degrees of freedom for all frequencies, times or loading cases. These actions are driven by the ATLIST
program.

For active structures, in case the parallel impedance file (*.RPCP file) is accidentally deleted or corrupted, the user does not
need to rerun the job. Because all valuable data is saved in the .SY4 file, this impedance file can be recreated with the
TRPCP program. Alternatively, if the symmetries detected by the solver are incorrect, the user can force the symmetry
factor with the help of the TRPCP2 program. When the structure is magnetostrictive, it is preferable to deal with series
impedance. The TRSLS program is thus useful to regenerate a series impedance file (.RSLS file).

For active and/or radiating structures, in case the directivity patterns file (*.PAT file) is accidentally deleted or corrupted, the
user does not need to rerun his job. Because all valuable data is saved in the *.SY4 file, this directivity patterns file can be
recreated with the TDIP2 program (2D structures, extrapolation method) or the TMONO program (when the fluid dampers
stand in the far field).

When dealing with modal analysis of periodic materials, some useful information may be extracted from raw data: dispersion
curves can be deduced from the different wavenumbers and associated frequencies by careful ordering (CDISP program); the
phase speed and mean polarization of each wavenumber and associated frequencies can be calculated (program CELEPO
program); from the low-frequency (long wavelength) limit of longitudinal and transversal waves, a set of equivalent
orthotropic material constants can be extracted (HOMOGN program).



lement Mesh generator: MOSAIQUE

MOSAIQUE is a preprocessor of the ATILA code. It is an automatic finite-element mesh generator program that helps in
building complex meshes. From the description of the mesh using “super-elements”, and instructions on how to divide them,
MOSAIQUE generates all the necessary element and node data for ATILA. A super-element can be a one-dimensional, two-
dimensional or three-dimensional element. It is possible to assign different types of elements (triangle, quadrilateral,
hexahedron, prism) to a super-element.

Data for MOSAIQUE is provided by an input file, generally of extension MOS, written by the user. This file has the same
characteristics as an ATILA data file: same header type, same entries, equivalent boundary conditions, thus the user may refer
to the Sections 1.3 and 1.4 for entries reference. Compared to an ATILA data file, the ELEMENTS entry defines “super-
elements” instead of regular elements. A super-element entry is a regular element entry completed with element’s division
information. So, almost all entries are duplicated to the resulting output file, except the NODES and ELEMENTS entries that
reflect the elements divisions, as new nodes and elements are created. When necessary, node numbers in entries are changed to
reflect the node generation. The output file is named with an .ATI extension and is directly usable by the graphics pre-
processor MDES or by the solver GA. A listing file (.LST) is also output, which enables the user to rapidly check and validate
the generation.

The entries used for the automatic mesh generation that are specific to MOSAIQUE are described below:

NAMEL1 MATER1 NUMGEO1

N11 N12 Ni3 ... N1P

-1 ITYP NN NM NL NK IBIAIS

[XP1 XP2 .. XPNN] IFIBIAIS=1

[YPLYP2 .. YPNM] IFIBIAIS=1AND NM NOT NULL
[ZP1 ZzP2 .. ZPNL] IFIBIAIS=1AND NL NOT NULL

[TP1 TP2 .. TPNK] IFIBIAIS=1AND NK NOT NULL

BLANK LINE

NAMELN MATERN NUMGEON

N11 N12 Ni13 ... N1Q

-1 ITYP NN NM NL NK IBIAIS

[XP1 XP2 .. XPNN] IFIBIAIS=1

[YPL YP2 .. YPNM] IFIBIAIS=1AND NM NOT NULL
[ZP1 zP2 .. ZPNL] IFIBIAIS=1AND NL NOT NULL

[TP1 TP2 .. TPNK] IFIBIAIS=1AND NK NOT NULL

BLANK LINE

BLANK LINE

This entry enables the user to introduce the super-element topology in accordance with the rules of Chapter I.4. The -1 after
the element topology triggers the super-element supplemental information. If one or several super-element sides are straight,
the middle nodes can be omitted. The maximal value of NN, NM, NL, or NK is 40.

MATER and NUMGEO are given or not. They depend upon the element type used and they are specified in the element
directives. They refer to the MATERIALS and GEOMETRY entries (or GEOMETRY POLARIZATION).

In generation mode, the line following the topology description starts with -1 and gives the splitting rules. If there is no such
line, the super-element is considered as a simple element. On this line, ITYP refers to a given super-element frame (see
Section ?.7); NN, NM, NL and NK give the number of generated elements along the natural axes of the super-element; and



IBIAIS is a control integer that must be equal to O if the splitting along each axis is regular and 1 if the splitting along at least
one axis is irregular. If IBIAIS is equal to O, the four lines that are devoted to the description of the splitting must not appear.
If IBIAIS is equal to 1, these one to four lines must be provided, even if one or two of them correspond to a regular splitting.
XP1, XP2,... XPL...XPNN are integers defining the splitting along the natural Ox axis of the super-element. The
corresponding side is divided into NN different parts, the lengths of which are, respectively, equal to: XP1/XL, XP2/XL,...,
XPI/XL,..., XPNN/XL, with XL=XP1+XP2+...+XPNN. XPI is always an integer.

A blank line indicates the end of a super-element data input. A blank line is necessary to terminate the ELEMENT entries.

522 Merge
XMERGE

This entry allows the user to change the merge point value that is, for each element, the ratio of the tolerance circle diameter to
the shortest distance between two nodes. Default is XMERGE = 1.E-01

5.2.3 Nogen

This entry suppresses automatic mesh generation by disabling the division of super-elements. This is useful for visualizing the
super-elements. Mid-side nodes will be generated for each super-element. Thus, the node numbering will be changed from the
element entry.

5.2.4 SORTfluid
NCA

This entry enables the user to organize the fluid-structure meshes so as to place the radiating nodes at the end of the array.
NCA is the node number of the acoustic center. By default, the acoustic center is at the origin of the global system.
Therefore, this entry is not required.

5.2.5 Super-element types (Available values of ITYP)

In the following library description, the super-element shape is represented by a thick line, while the generated elements are
represented by a thin line.

5251 ITYP=1: Linear 1D elements O O

1 2
Two-node linear element generation (element SPRIO2E). Control integers NM, NN dements

NL, NK are null.

5.25.2 ITYP=2: Quadratic 1D elements

O O O
Three-node quadratic element generation (element LINEO3R). Super-node 3 is 1 3 2
needed only if the super-element is to be curved. Control integers NM, NL, NK NN dements
are null. This super-element is used to generate damping elements.

5.25.3 ITYP = 3: 6-nodeinterface e ements

Six-node fluid-structure interface element generation (element LINEO6I). Only the Fluid side
solid super-nodes are specified, that is, only two or three nodes must be given; all 8 P Q
generated nodes are doubled to realize the fluid-structure interface. Super-node 3 is O
needed only if the super-element is to be curved. Control integers NM, NL, NK are 1 Sol |3 d side 2
null. The orientation of the element is automatically inverted by the MOSAIQUE

NN dements

program to get the orientation required in the ATILA code.



5.25.4 ITYP =4: Quadrilateral elementsin a quadrilateral super-element

This super-element enables the user to generate 8-node elements (QUAD-type

geometry).

The topology is always read on 8 nodes. Mid-side super-nodes (5-8) are required
only for those super-element edges that are to be curved. Special attention must
be given to the data entry format in this case; one or more zero-valued place
holders may be required (see Chapter .4). NN, NM, respectively, define the

number of elements on the 1-2, 1-3 sides. Control integers NL, NK are null.

5255 ITYP=5: Triangular elementsin a quadrilateral super-element

WM elements
(=)
1

1 5 2
N elements

This super-element enables the user to generate 6-node elements. Due to the super-element shape, the element entry in the .

MOS file must refer to an element of QUAD-type geometry. The topology is always read on 20 nodes. Mid-side super-nodes

(5-8) are required only for those super-element edges that are to be curved.
Special attention must be given to the data entry format in this case; one or
more zero-valued place holders may be required (see Chapter 1.4). NN,
NM, respectively, define the number of elements on the 1-2, 1-3 sides.
Control integers NL, NK are null.

5.25.6 ITYP=6: Triangular elementsin atriangular super-element

This super-element enables the user to generate 6-node elements (TRIA-
type geometry). The topology is always read on 6 nodes. Mid-side super-
nodes (4-6) are required only for those super-element edges that are to be
curved. Special attention must be given to the data entry format in this case;
one or more zero-valued place holders may be required (see Chapter 1.4).
NN, NM, respectively, define the number of elements on sides 1-2 and 1-3.
NM must be equal to NN. Control integers NL, NK are null. An irregular
splitting can be applied for this super-element, provided that splitting along
the sides 1-2 and 1-3 are similar but in reverse order, i.c.: 1 24 and 4 2 1.
Any other irregular splititng will lead to unpredictable meshes.

5.25.7 ITYP=7: Triangular and quadrilateral elementsin atriangular
super -element

This super-element enables the user to generate 6-node (TRIA-type geometry) and

MM elements

8-node elements (QUAD-type geometry). The topology is always read on 6 nodes.

Mid-side super-nodes (4-6) are required only for those super-element edges that
are to be curved. Special attention must be given to the data entry format in this
case; one or more zero-valued place holders may be required (see Chapter 1.4).
If

NN, NM define the number of elements on side 1-2 and 1-3, respectively.
IBIAIS=1, the spacing has to be indicated on the following line.

5.25.8 ITYP =8: 3-D triangular interface element

MM elements

NI elements

v A LT ¢

MM elements

This super-element is similar to element type 7. All generated nodes are doubled to build the fluid-structure interface (element

TRIA12I).



5.25.9 ITYP=9: 3-D quadrilateral interface elements

Fluid side

This super-element is similar to element type 4. All generated nodes are
doubled to build the fluid-structure interface (element QUAD16]).

5.2.5.10 ITYP =10: Hexahedron elementsin an hexahedron

This super-element enables the user to generate 20-node elements
(HEXA-type geometry). The topology is always read on 20

nodes. Mid-side super-nodes are only required for those super- 7

element edges which are to be curved. Special attention must be

given to the data entry format in this case; one or more zero-

valued place holders may be required (see Chapter 1.4). NN is the

number of elements on side 1-2, NM is the number of elements on

ML elements

side 1-3 and NL is the number of elements on side 1-5. If
IBIAIS=1, the spacing has to be indicated first for side 1-2, then

for side 1-3 and finally for side 1-5. NN elements
25y N\ N\ N7 0
52511 ITYP=11: Prismatic elementsin atriangular base prism ‘*
7

1 2
MM elements 'é\)

O}
.t

This super-element enables the user to generate 15-node prismatic elements
(PRIS-type geometry). The topology is always read on 15 nodes. Mid-side
super-nodes are required only for those super-element edges that are to be curved. Special attention must be given to the data
entry format in this case; one or more zero-valued place holders may be required (see Chapter 1.4). NN is the number of
elements on side 1-2, NM is the number of elements on side 1-3 and NL is the number of elements on side 1-4. An irregular
spacing can be applied for this super-element, provided that spacing along the sides 1-2 and 1-3 are similar but in reverse

order,ie.: 124 and 4 2 1. Any other irregular spacing will lead to unpredictable meshes.

5.25.12 ITYP =12: Triangular base prismatic elementsin a
hexahedron

18 o
This super-element enables the user to generate 15-node 5 ] 19

elements in a cube. Due to the super-element shape, the element
entry in the file JOB.MOS must refer to an element of HEXA-
type geometry. The topology is always read on 20 nodes. Mid-

e 16

13 14

ML elements

side super-nodes are required only for those super-element

edges that are to be curved. Special attention must be given to | 11 o

the data entry format in this case; one or more zero-valued place 1 g 2 ’i"ﬂt ae®
holders may be required (see Chapter 1.4). NN is the number of MM elements

elements on side 1-2, NM is the number of elements on side 1-3

and NL is the number of elements on side 1-5. If IBIAIS=1, the

spacing has to be indicated first for side 1-2, then for side 1-3 and finally for side 1-5.



5.25.13 ITYP = 13: Hexahedron and pyramid elementsin a pyramid

This super-element enables the user to generate 13-node (PYRA-
type geometry) and 20-node (HEXA-type geometry) elements.
The topology is always read on 13 nodes. Mid-side super-nodes
are required only for those super-element edges that are to be
curved. Special attention must be given to the data entry format
in this case; one or more zero-valued place holders may be
required (see Chapter 1.4). NN is the number of elements on side
1-2, NM is the number of elements on side 1-3 and NL is the
number of elements on side 1-5. If IBIAIS=1, the spacing has to
be indicated first for side 1-2, then for side 1-3 and finally for
side 1-5.

5.25.14 ITYP = 14: Shell element

This super-element enables the user to generate 3-node shell elements (element SHELO3E). It is used in the same way as the

type 2 super-element. Only the node numbering is different in the output file.

5.25.15 ITYP =15: Triangular base prismatic elementsin a prism

This super-element enables the user to generate 15-node (PRIS-
type geometry) and 20-node (HEXA-type geometry) elements.
The topology is always read on 15 nodes. Mid-side super-nodes
are required only for those super-element edges that are to be
curved. Special attention must be given to the data entry format
in this case; one or more zero-valued place holders may be
required (see Chapter 1.4). NN is the number of elements on side
1-2, NM is the number of elements on side 1-3 and NL is the
number of elements on side 1-4. If IBIAIS=1, the spacing has to
be indicated first for side 1-2, then for side 1-3 and finally for
side 1-4.
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5.25.16 ITYP =16: Triangular and quadrilateral elementsin a quadrilateral super-element
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MM elements MM elements

This super-element enables the user to generate 6- and 8-node elements. (TRIA- and QUAD-type geometries). Due to the
super-element shape, the element entry in the .MOS file must refer to an element of QUAD-type geometry. The topology is

always read on 8 nodes. Mid-side super-nodes are required only for those super-element edges that are to be curved. Special
attention must be given to the data entry format in this case; one or more zero-valued place holders may be required (see
Chapter 1.4). NN, NM, NL, NK respectively define the number of elements on the 1-2, 1-3, 3-4 and 2-4. If IBIAIS=I, the

spacing has to be indicated in this order.



5.25.17 ITYP =17: Triangular and quadrilateral thin-film
magnetostrictive elementsin a quadrilateral super-element NI alemanis

This super-element enables the user to generate 12- and 16-node thin
film magnetostrictive elements. (TRIA- and QUAD-type geometry). It
is equivalent to the type 16 super-element, except that it generates

twice as many nodes to build the double layer needed by such

MM elements

elements.
5.2.6 Technical information: Node and element Generation method

ATILA node and element generation is based upon the division, or splitting of triangular or quadrilateral super-elements in 2-
D, and cubic or prismatic super-elements in 3-D. The super-element sides or edges are defined by two or three points. Linear
or quadratic interpolation is used for the generation. Attention must be paid to the super-element orientation that defines the
orientation of the generated elements.

For ATILA node coordinate generation, each super-element, defined in the global Oxyz axis system is first transformed into a
local O’rst system, in which it is represented by a regular figure. Inside this reduced super-element, the different node
coordinates are generated in the local system, according to the number of elements to generate, their spacing (regular or
irregular) on each side, and their type. The generated node coordinates are then transformed into global coordinates using the
same types of shape functions as those of the ATILA code. After all node and all element generation, the redundant nodes are
eliminated (except the fluid-structure interface nodes). Two nodes are assumed identical if they are inside the same tolerance
circle. In this case, the last one is eliminated and the node numbering is readjusted in the topology.

5.3 Dealing with materials properties: CPIEZO, MPIEZO, PPIEZO

With the help of the CPIEZO tool, the user can display properties of the materials stored in his materials database. It is not a
complete tool, but it can help for simple cases. In any case, the values provided by the MATERIAL entry in the data file are
the best place to look. Depending on the number of properties, a given material is defined as elastic, fluid or
piezoelectric/magnetostrictive.

The syntax of the command is:

cpiezo MAT

where MAT is the material’s name.

For an elastic material, the longitudinal and transverse speeds are displayed.

For a fluid material, the longitudinal speed is displayed.

For a piezoelectric (magnetostrictive) material, it is assumed that the material belongs to the crystalline class 6mm. The
constants s%, s, ¢, ¢°, d, g, h,e, e el BS and BT ", %, M e d, g h, e, us, uT; )(S and XT) and the coupling factors ks, ki3, ks,
and k" are displayed.

The user can create lossy piezoelectric or magnetostrictive materials from non-lossy ones, by specifying loss factors on the
three main constants blocks (MPIEZO program).

The user can check that a piezoelectric or magnetostrictive material is effectively lossy (dissipating, not absorbing heat)
(PPIEZO program).

5.4 Listing nodes displacements. ATLIST

After running a solver, the user can output the displacements for a selected frequency, time or loading case, exactly as the
output of the solver when the PRINTING level is set to 1 or more. He or she can also output the displacement for several
specific nodes and degrees of freedom for all frequencies, times or loading cases. These actions are driven by the ATLIST

program.



5.5 Re-generating theimpedance filee TRPCP, TRPCP2, TRSL S

For active structures, in case the parallel impedance file (RPCP file) is accidentally deleted or corrupted, the user does not
need to rerun the job. Because all valuable data is saved in the .SY4 file, this impedance file can be recreated with the TRPCP
program. Alternatively, if the symmetries detected by the solver are incorrect, the user can force the symmetry factor with the
help of the TRPCP2 program. When the structure is magnetostrictive, it is preferable to deal with series impedance. The

TRSLS program is thus useful to regenerate a series impedance file (RSLS file).

5.6 Re-generating the directivity patternsfile: tdip2, TMONO

For active and/or radiating structures, in case the directivity patterns file (.PAT file) is accidentally deleted or corrupted, the
user does not need to rerun the job. Because all valuable data is saved in the .SY4 file, this directivity patterns file can be
recreated with the TDIP2 program (2D structures, extrapolation method) or TMONO program (when the fluid dampers stand
in the far field).

5.7 Dealing with periodic materials. CDISP, CELEPO, HOMOGN

When dealing with modal analysis of periodic materials, some useful information may be extracted from raw data: dispersion
curves can be deduced from the different wavenumbers and associated frequencies by careful ordering (CDISP program); the
phase speed and mean polarization of each wavenumber and associated frequencies can be calculated (CELEPO program);
from the low-frequency limit of longitudinal and transversal waves, a set of equivalent orthotropic material constants can be
extracted (HOMOGN program).

=4 r 4 =
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6 ATILA Example

6.1 Introduction

This chapter describes a data file for ATILA, as well as the results file. Section 6.2.1 contains the input data file and section
6.2.2 contains the ATILA output file. The selected example is an in-water harmonic analysis of an axisymmetrical, radiating
Tonpilz transducer. This example was used in Chapter 3 to describe the input data format. Some comments have been added
to the files to aid in understanding the different steps.

A table listing all of the test examples provided with ATILA is given in section 6.2.3.



6.2 Example

This example presents a harmonic analysis of a radiating Tonpilz transducer.

Ceramic rings

Tailmass Headmass

Nut

.

LSOO EhGHRH R RTITT

Shaft (prestress)



6.3 Datafile

* has04. ati ========
*==== HAS04 TSTATI . 2005/ 06/ 02 Version: 6.0.0
* TRANSDUCER  40KHZ

CERAM CS = X9

* HEADMASS AU4AG

* TAI LMASS STEEL

* I N WATER HARMONI C ANALYSI S
* MONOPOLAR RADI ATI ON

*

PRI NTING = 0

CLASS AXI SYMVET

GENERATE PST

RADI ATI ON MONOPCOLAR

ANALYSI S HARMONI C

HEAT LOAD

LOSSES

MATERI AL

25CD4D * Material 25CD4D is a 25CD4  steel whose density has been divided by 10 to avoid

spurious resonances of the rod
. 215E+12 0.33 750. 0.0 0.0 0. 0&
0. 858E+03 0. 46E02 0. 46E+02 0.46E02 0.0 0.0
DUMW * A dummy material with zero values for the convective el enent
0.0 0.0 0.0 0.0 0.0 0.0
FREQUENCY
0. 250E+05 0. 350E+05 0. 450E+05 0. 550E+05
CEQOVETRY
1
0. 560E-01 * Radius of curvature of the sphere linmting the fluid donmin.
2
10. 15. * The surrounding nedia tenperature and the convective thermal film
coefficient

CEOVETRY POLARI ZA CARTESIA * 2 and 3 correspond to an alternate poling of the ceramcs.

3

0. 000E+00 0. 000E+00 0. 000E+00 0. 000E+00 0.000E+00 0. 000E+00 0. 000E+00
4

0. 180E+03 0. 000E+00 0. 000E+00 0. 000E+00 0.000E+00 0. 000E+00 0. 000E+00

EXCI TATI ONS
80 ELECPOT 500. * 500. Volt applied to the excitation el ectrode

SCALE = 0.001000 0.001000 0.001000

NODES

1 * -3.300000e+001 6.000000e+000 0.000000e+000
2 * -3.300000e+001 1.800000e+001 0.000000e+000
3 * -3.900000e+001 1.800000e+001 0.000000e+000
4 * -3.900000e+001 6. 000000e+000 0. 000000e+000
5 * -3.300000e+001 1.200000e+001 0.000000e+000
6 * -3.600000e+001 1.800000e+001 0.000000e+000
7 * -3.900000e+001 1.200000e+001 0.000000e+000
8 * -3.600000e+001 6.000000e+000 0.000000e+000
9 * -3.300000e+001 2. 000000e+001 0.000000e+000
10 * -3.900000e+001 2.000000e+001 0. 000000e+000
11 * -3.300000e+001 1.900000e+001 0. 000000e+000
12 * -3.600000e+001 2.000000e+001 0. 000000e+000
13 * -3.900000e+001 1.900000e+001 0. 000000e+000
14 * -3.300000e+001 2.300000e+001 0. 000000e+000
15 * -3.900000e+001 2.300000e+001 0. 000000e+000
16 * -3.300000e+001 2.150000e+001 0. 000000e+000
17 * -3.600000e+001 2. 300000e+001 0. 000000e+000
18 * -3.900000e+001 2.150000e+001 0. 000000e+000
19 * -5.500000e+001 1.000000e+001 0. 000000e+000
20 * -6.400000e+001 1.000000e+001 0. 000000e+000
21 * -6.400000e+001 6. 000000e+000 0. 000000e+000



22
23
24
25
26

28
29

31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55

57
58
59
60
61
62
63
64
65

67
68

70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89

E R SR T N B R S I N N T T R S N N N N . N S I S B N S N S T T B N S N R . N N N T N N B N N R S T I T R

-5.
-5.
- 6.
-5.
-5.
- 6.
-5.
-5.
-5.
-6.
-5.
-5.
-5.
-5.
-5.
- 3.
-3.
-1.
-1.
- 3.
- 2.
-1.
- 2.
-4.
-4.
-5.
-4.
-4.
-5.
-5.
-4.
-5.
-4.
-5.
-4.
-4.
-4.
-4.

500000e+001
950000e+001
400000e+001
950000e+001
500000e+001
400000e+001
500000e+001
950000e+001
500000e+001
400000e+001
000000e+001
000000e+001
250000e+001
000000e+001
250000e+001
150000e+001
150000e+001
300000e+001
300000e+001
150000e+001
225000e+001
300000e+001
225000e+001
075000e+001
075000e+001
500000e+001
700000e+001
700000e+001
500000e+001
100000e+001
700000e+001
100000e+001
700000e+001
100000e+001
700000e+001
300000e+001
300000e+001
300000e+001

OFRPNRFRPOONRFRFRPEPNFPNDMOEANONMPAMAOOPLR,IUOINORAROWWOOOWOWOOEF O

. 000000e+000
. 000000e+001
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+001
. 400000e+001
. 000000e+001
. 500000e+001
. 200000e+001
. 700000e+001
. 000000e+001
. 000000e+000
. 000000e+000
. 000000e+001
. 000000e+001
. 600000e+001

000000e+000

eooNeolojoNoloooNeoololooNooloNooloololololoNoloNeoNoloNoNoNoNoNeNeNeo)

0. 000000e+000 0. 000000e+000 O.
0. 000000e+000 1.000000e+001 0. 000000e+000
- 8. 000000e+000 6. 000000e+000 0. 000000e+000
- 8. 000000e+000 0.000000e+000 0.000000e+000
0. 000000e+000 5. 000000e+000 0. 000000e+000

-4.
- 8.
-4.
-1.
-1.
- 8.

000000e+000
000000e+000
000000e+000
050000e+001
050000e+001
000000e+000

8. 000000e+000
3. 000000e+000
0.
5
0
2

000000e+000

. 000000e+000
. 000000e+000
. 000000e+001

0
0
0.
0
0
0

. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
00000e+000

. 000000e+000
. 000000e+000
000000e+000
. 000000e+000
. 000000e+000
. 000000e+000

0. 000000e+000 2.000000e+001 0. 000000e+000

- 8. 000000e+000 1.300000e+001 0. 000000e+000
0. 000000e+000 1.500000e+001 0. 000000e+000

. 000000e+001
. 800000e+001
. 000000e+000
. 900000e+001
. 200000e+001
. 000000e+000
. 800000e+001
. 000000e+000
. 800000e+001
. 200000e+001
. 000000e+000
. 800000e+001

-4.
-1.
-1.
-1.
-1.
-1.
- 2.
- 2.
-1.
- 2.
-1.
- 2.
- 2.

0. 000000e+000 4.8

000000e+000
300000e+001
300000e+001
050000e+001
300000e+001
050000e+001
300000e+001
300000e+001
800000e+001
300000e+001
800000e+001
800000e+001
800000e+001

ORORRPRORORRPORN

000000e+000

0
0
0
0
0
0
0.
0
0
0
0
0
0

. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
000000e+000

75000e+001 O.bOOOOOe+OOO
1.155020e+001 4.768120e+001 0. 000000e+000
5.816880e+000 4.847340e+001 0. 000000e+000



90
91
92
93
94

96
97

99

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157

L I S R

EE R T I S R S I T I I N S I S T R I I S S AU N R N T . N T I S D S I B N .

ADBDBEANNNOWWOWRWWEAEARDBDBNPNNWONNWOWWWRWWONREFRERPNEPNNNMNONMNWORORPRPREPEPNRPPNRPNOOODWOOOO®

. 232930e+001
. 000000e+000
. 000000e+000
. 545270e+000

761540e+000

. 059240e+001
. 000000e+000
. 000000e+000
. 540360e+000
. 706210e+000

. 498160e+000
. 000000e+000
. 000000e+000
. 250000e+000
. 125000e+000
. 761200e+000
. 000000e+000
.217800e+001
.698130e+001
. 370190e+001
. 874840e+001
. 420030e+001
. 050140e+001
. 531890e+001
. 141920e+001
. 699550e+001
. 250000e+001
. 375000e+000
. 379490e+001
.162910e+001
. 707600e+001
. 375360e+001
. 728560e+001
. 312840e+001
. 946680e+001
.294210e+001
. 918080e+001
. 510440e+001
. 875000e+001
. 562500e+001
. 081760e+001
. 980260e+001
.591100e+001
. 226970e+001
. 486840e+001
. 123520e+001
. 733550e+001
. 993420e+001
. 655930e+001
. 240130e+001
. 500000e+001
. 187500e+001
. 746710e+001
. 371240e+001
.191470e+001
.674740e+001
. 728350e+001
. 614690e+001
. 053380e+001
. 085460e+001
. 037910e+001
. 403310e+001
. 500000e+001
. 500000e+001
. 781960e+001
. 633810e+001
.517660e+001
. 981980e+001

PNRFRPEREPNEPENNNPDNNNPDNNODNNNDNNNNNNOONWOWOWONNNOONWOWRDWONNNOWWOWRWWEAEADRDMDWONNNDNWW

. 116030e+001
. 237500e+001
. 150000e+001
. 050400e+001

119170e+001

.411450e+001
. 512500e+001
. 425000e+001
. 332680e+001
. 390990e+001

. 689350e+001
. 787500e+001
. 700000e+001
. 650000e+001
. 675000e+001
. 984770e+001
. 062500e+001
.451690e+001
. 637440e+001
. 747670e+001
. 805570e+001
. 945950e+001
. 134050e+001
. 159450e+001
. 254460e+001
. 477090e+001
. 600000e+001
. 625000e+001
. 863470e+001
. 915400e+001
. 210580e+001
.128510e+001
.427230e+001
. 631480e+001
.677510e+001
. 939070e+001
. 052370e+001
.176960e+001
. 550000e+001
. 575000e+001
. 725950e+001
.151310e+001
. 558490e+001
. 259860e+001
. 934210e+001
.191240e+001
.042760e+001
. 717100e+001
. 823990e+001
. 825660e+001
. 500000e+001
. 525000e+001
. 608550e+001
.423130e+001
. 794140e+001
. 514520e+001
. 240490e+001
. 593160e+001
. 331800e+001
. 057860e+001
. 392190e+001
. 149190e+001
. 875000e+001
. 187500e+001
. 966470e+001
. 653080e+001
. 043750e+001
. 717720e+001

[ejeooololoNololoolololoNoololoojoNololoNoloNololoololooNoNololoNoloNololeooloNololoNoloNeololooNoloNoNoNeNeNe]

. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000

000000e+000

. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000

. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000



158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225

E S T T I S R T S T R S N S S I N I I S . T R I R I N I N R N S S R S R . N N I .

OCOOWOOFRRFRPFPNFRPRPFPWOOOOORFPRFEPNRPPWOOOOOORREFPENRFPFREPNNNWWOWRAREMPMAOBRABIENNNWWWRARWOWRARAODMBENDNNMNNWWWAWW

. 905480e+001
. 825140e+001
. 272850e+001
. 177150e+001
. 132630e+001
. 538110e+001
. 500000e+001
. 500000e+001
. 828970e+001
. 780080e+001
. 720750e+001
. 157290e+001
. 013630e+001
. 968490e+001
. 398060e+001
. 247190e+001
. 216220e+001
.629210e+001
. 500000e+001
. 500000e+001
. 869980e+001
. 825000e+001
. 814280e+001
. 212500e+001
. 050000e+001
. 040980e+001
. 437500e+001
. 275000e+001
. 267690e+001
. 662500e+001
. 500000e+001
. 500000e+001
. 887500e+001
. 875000e+001
. 875000e+001
. 187500e+001
. 250000e+001
. 250000e+001
. 562500e+001
. 250000e+000
. 250000e+000
. 375000e+000
. 000000e+000
. 000000e+000
. 125000e+000
. 875000e+001
. 875000e+001
. 187500e+001
. 250000e+001
. 250000e+001
. 562500e+001
. 250000e+000
. 250000e+000
. 375000e+000
. 000000e+000
. 000000e+000
. 125000e+000
. 875000e+001
. 875000e+001
. 187500e+001
. 250000e+001
. 250000e+001
. 562500e+001
. 250000e+000
. 250000e+000
. 375000e+000
. 000000e+000
. 000000e+000

PRPORPRONRFRPOORFRPRORNNRFEPNRPREPREPRPEPERPERPNNMNMNNNMNNNMNNMRPEPNRPOWOWOOWOOWOORMRODODOOONRPOORNORORRPRERPRERPRERPERPRERRER

. 512930e+001
. 880630e+001
. 584090e+001
. 372790e+001
. 717510e+001
.441780e+001
. 250000e+001
. 562500e+001
. 308140e+001
. 440270e+000
. 252600e+001
. 767210e+000
. 623090e+000
. 139450e+001
. 048010e+000
. 805920e+000
. 026290e+001
.198180e+000
. 250000e+000
. 375000e+000
. 478970e+000
. 000000e+000
. 242600e+000
. 000000e+000
. 000000e+000
. 807830e+000
. 000000e+000
. 000000e+000
. 373060e+000
. 000000e+000
. 000000e+000
. 125000e+000
. 000000e+000
. 966240e+001
. 258520e+001
. 910300e+001
. 112500e+001
. 356250e+001
. 035930e+001
. 258760e+001
. 453980e+001
. 189070e+001
. 350000e+001
. 525000e+001
. 314700e+001
. 380000e+001
. 673340e+001
. 293440e+001
. 625000e+001
. 868750e+001
. 495320e+001
. 870000e+001
. 064160e+001
. 754680e+001
. 000000e+001
. 175000e+001
. 956560e+001
. 879430e+000
. 033890e+001
. 449180e+000
. 125000e+000
. 218750e+001
. 463700e+000
. 370570e+000
.403610e+001
. 786300e+000
. 000000e+001
. 500000e+001

[eNeoNoolololololoololoNoloololooloNololoNoloNololeoololoNoNoNololoNoloJololooNoNololoNoloNololoNoNolololoNoloNololoNoNoloNoNoNe o Ne]

. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000



226 * 3.125000e+000
227 * 1.875000e+001
228 * 1.875000e+001
229 * 2.187500e+001
230 * 1.250000e+001
231 * 1.250000e+001
232 * 1.562500e+001
233 * 6.250000e+000
234 * 6.250000e+000
235 * 9.375000e+000
236 * 0.000000e+000
237 * 0.000000e+000
238 * 3.125000e+000
239 * 0.000000e+000
240 * 6.398090e+000
241 * 1.284050e+001
242 * 1.902550e+001
243 * 2.499690e+001
244 * 3.063180e+001
245 * 3.582120e+001
246 * 4.059530e+001
247 * 4.473670e+001
248 * 4.729380e+001
249 * 4.956690e+001
250 * 5.150290e+001
251 * 5.310960e+001
252 * 5.436970e+001
253 * 5.527270e+001
254 * 5.581970e+001
255 * 5.600000e+001
ELEMENTS

QUADOSE 25CD4

1 1 2

2 * 2 9

3 * 9 14

4 * 19 20

5 * 27 28
QUADOSE 25CD4D

6 * 22 28

7 * 37 38

8 * 33 32
QUADOSE 25CD4

9 * 47 19
10 * 22 54
11 * 10 49
12 * 3 48
QUADOSE AUWAG

13 * 60 61
14 * 63 62
15 * 70 62
16 * 62 70
QUADOSF WATER

17 * 87 88
18 * 92 93
19 * 97 98
20 * 102 103
21 * 88 107
22 * 93 110
23 * 98 113
24 * 103 116
25 * 107 119
26 * 110 122
27 * 113 125

OROFRFPNNMNNWWAMNOOOUIONOUOUIOOMOOMRAOO WO

. 800820e+000
. 000000e+000
. 430270e+000
. 000000e+000
. 000000e+000
. 062500e+000
. 000000e+000
. 000000e+000
. 694730e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 600000e+001
. 563330e+001
. 450800e+001
. 266900e+001
.011140e+001
. 687950e+001
. 304470e+001
. 857480e+001
. 368420e+001
. 998820e+001
. 605990e+001
. 198750e+001
. 775870e+001
. 341390e+001
. 996190e+000
. 490660e+000
. 000000e+000

4 3
3 10
10 15
22 21
21 22
33 32
40 39
37 38
49 48
19 48
3 48
4 54
63 62
39 40
71 61
76 75
239 241
87 88
92 93
97 98
241 243
88 107
93 110
98 113
243 245
107 119
110 122

[eNeoNoolooNoNoNoNoloololoololololoNoloNololoolNoNoNe ol e

. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000
. 000000e+000

5 8

16
23
29

12
26
31

30
41
35

36
44
46

50
55

53
26
13

58 7

64
66
72
72

67
69
74
79

89

94

99
104
108
111
114
117
120
123
126

91
96
101
106
90
95
100
105
109
112
115

6

17
24
30

34
42
45

51
56

56

65
68
65
77

90

95
100
105
109
112
115
118
121
124
127

7
13
18
25
25

35
43
41

52
51
58
59

66
43
73
78

240
89
94
99

242

108

111

114

244

120

123



28 * 116 128
29 * 119 131
30 * 122 134
31 * 125 137
32 * 128 140
33 * 131 143
34 * 134 146
35 * 137 149
36 * 140 152
37 * 143 155
38 * 146 158
39 * 149 161
40 * 152 164
41 * 155 167
42 * 158 170
43 * 161 173
44 * 164 176
45 * 167 179
46 * 170 182
47 * 173 185
48 * 176 188
49 * 128 191
50 * 116 194
51 * 103 197
52 * 102 200
53 * 191 203
54 * 194 206
55 * 197 209
56 * 200 212
57 * 203 215
58 * 206 218
59 * 209 221
60 * 212 224
61 * 215 227
62 * 218 230
63 * 221 233
64 * 224 236
QUADO8SP X9 3

65 * 76 75
QUADOSP X9 4

66 * 81 80
LI NEOG6I

67 * 236 224
68 * 224 212
LI NEO3R WATER 1
69 * 239 241
70 * 241 243
71 * 243 245
72 * 245 247
73 * 247 249
74 * 249 251
75 * 251 253
76 * 253 255
LI NEO3CV DUMWY 2
77 * 70 71
78 * 80 75
79 * 9 2
80 * 14 9
81 * 15 14
82 * 10 15
83 * 75 70
84 * 19 47
85 * 20 19
86 * 2 80
87 * 21 20

113
245
119
122
125
247
131
134
137
249
143
146
149
251
155
158
161
253
167
170
173
140
128
116
103
152
191
194
197
164
203
206
209
176
215
218
221

81

60
61

240
242
244
246
248
250
252
254

74
82
11
16
17
18
77

23
85
24

125
247
131
134
137
249
143
146
149
251
155
158
161
253
167
170
173
255
179
182
185
152
191
194
197
164
203
206
209
176
215
218
221
188
227
230
233

80

61

129
132
135
138
141
144
147
150
153
156
159
162
165
168
171
174
177
180
183
186
189
192
195
198
201
204
207
210
213
216
219
222
225
228
231
234
237

78

83

237
225

118
121
124
127
130
133
136
139
142
145
148
151
154
157
160
163
166
169
172
175
178
141
129
117
104
193
196
199
202
205
208
211
214
217
220
223
226

84

86

64
73

130
133
136
139
142
145
148
151
154
157
160
163
166
169
172
175
178
181
184
187
190
193
196
199
202
205
208
211
214
217
220
223
226
229
232
235
238

82

85

126
246
132
135
138
248
144
147
150
250
156
159
162
252
168
171
174
254
180
183
186
153
192
195
198
165
204
207
210
177
216
219
222
189
228
231
234

83



88 * 27 21 31

89 * 49 10 57

90 * 47 49 53

91 * 71 61 73

92 * 61 60 64

END
-27 2 2 * symmetry axis,
- 27 3 3 * _nonexisting dof (2-D),
-2 4 1 * electrode at V=0,
-75 4 1 * electrode at V=0,
-80 4 -1 * excitation el ectrode

Y

Mesh of the transducer in water



6.4 6.2.3 User dialog

<<< ATI LA Version 6.0.0 >>>

Nom du job ?

Entrer | e nomde |’ extension

THE MATERI AL 25CD4D I'S NOT DEFINED I N THE FI LE MATER STD
The width of the CPDDC array is set to 7

The nunber of |oading cases is set to 4 .

RADI ATI NG STRUCTURE MODELLI NG

( DOUBLE PRECI SI ON CALCULATI ON)

(USI NG MONOPOLAROLAR DAMPERS)

El ement QUADOSE 1 17:29: 07
El emrent QUADOSE 2 17: 29: 07
El ement QUADOSE 3 17:29: 07
El ement QUADOSE 4 17: 29: 07
El ement QUADOSE 5 17:29: 07
El ement QUADOSE 6 17:29: 07
El ement QUADOSE 7 17: 29: 07
El ement QUADOSE 8 17: 29: 07
El enment QUADOSE 9 17:29: 07
El enrent QUADOSE 10 17:29: 07
El emrent QUADOSE 11 17:29: 07
El emrent QUADOSE 12 17:29: 07
El emrent QUADOSE 13 17:29: 07
El emrent QUADOSE 14 17:29: 07
El ement QUADOSE 15 17:29: 07
El emrent QUADOSE 16 17:29: 07
El ement QUADOSF 1 17:29: 07
El ement QUADOSF 2 17:29: 07
El enment QUADOSF 3 17: 29: 07
El ement QUADOSF 4 17: 29: 07
El enment QUADOSF 5 17:29: 07
El ement QUADOSF 6 17:29: 07
El enent QUADOSF 7 17: 29: 07
El ement QUADOSF 8 17:29: 07
El ement QUADOSF 9 17:29: 07

El emrent QUADO8F
El ement QUADO8F
El ement QUADO8F
El ement QUADO8F
El ement QUADO8F
El ement QUADOSF
El ement QUADOSF
El enment QUADOSF
El enent QUADOSF
El enent QUADO8SF
El enrent QUADO8SF
El emrent QUADO8SF
El emrent QUADO8F
El ement QUADO8F
El ement QUADO8F
El ement QUADO8F
El ement QUADO8F
El ement QUADOSF
El ement QUADOSF
El enment QUADOSF
El enent QUADO8F
El enent QUADOSF
El enrent QUADO8SF
El emrent QUADO8F
El emrent QUADO8F
El ement QUADO8F
El ement QUADO8F
El ement QUADO8F
El ement QUADO8F

10 17:29: 07
11 17:29: 07
12 17:29: 07
13 17:29: 07
14 17:29: 07
15 17:29: 07
16 17:29: 07
17 17:29: 07
18 17: 29: 07
19 17: 29: 07
20 17: 29: 07
21 17:29: 07
22 17:29: 07
23 17:29: 07
24 17:29: 07
25 17:29: 07
26 17:29: 07
27 17:29: 07
28 17:29: 07
29 17:29: 07
30 17: 29: 07
31 17: 29: 07
32 17: 29: 07
33 17: 29: 07
34 17:29: 07
35 17:29: 07
36 17:29: 07
37 17:29: 07
38 17:29: 07

HHEHHFHFFHFRFEHRFHFHFHHFHFFHFFEHRFEF R FHFFFFFHEFRFF R FHHFFFHFHFEHEHFH SR



El emrent QUADO8F
El ement QUADO8F
El ement QUADO8F
El ement QUADO8F
El ement QUADO8F
El ement QUADOSF
El ement QUADOSF
El ement QUADOSF
El enent QUADO8F
El enrent QUADO8SF
El enrent QUADOSP
El emrent QUADOSP
El emrent LI NEO6I
El ement LI NEO6I
El ement LI NEO3R
El ement LI NEO3R
El ement LI NEO3R
El ement LI NEO3R
El ement LI NEO3R
El ement LI NEO3R
El enent LI NEO3R
El enent LI NEO3R
Bl ock 1

HHEHFHFHFHHFEHFHHHHHHFHFHFEHEHEFEHHR

O~NOO U PRWNENEDNPRE

assenbl i ng ended.

17:
17:
17:
17:
17:
17:
17:
17:
17:
17:

17:
17:
17:
17:
17:
17:
17:
17:
17:
17:
17:
17:

29:
29:
29:
29:
29:
29:
29:
29:
29:
29:
29:
29:

29:
29:
29:
29:
29:
29:
29:
29:
29:
29:

07
07
07
07
07
07
07
07
07
07
07
07
07
07
07
07
07
07
07
07
07
07

COVPLEX DOUBLE PRECI SI ON FREQUENCY COVPUTATI ON.
-17:29: 07
-17:29: 07
-17:29: 07
-17:29: 07

Frequency 25000. 0
Frequency 35000. 0
Frequency 45000. 0
Frequency 55000. 0
NER = 8

Hz
Hz
Hz
Hz

The sound speed used is SSPD=
Deduced acoustic center

Frequency = 25000.0
Frequency = 35000. 0
Frequency = 45000. 0
Frequency = 55000. 0

(

Hz
Hz
Hz
Hz

0. 00000
Structure symetric relative to the X
Structure symetric relative to the Y
, hunber
, hunber
, hunber
, nunber

1489. 97

, 0. 00000
axi s.
axi s.
of directivity terms
of directivity terms
of directivity terms
of directivity terms

kkkhkkkhkkhkkkhkkkkx THER'\/AL C‘ALC:LJLATIO\I kkkkkkhkkkhkkhkkhkkkk*k

kkkhkkkhkkhkkkhkkkkx

El ement QUADOSE
El ement QUADOSE
El ement QUADOSE
El ement QUADOSE
El ement QUADOSE
El enent QUADOSE
El enrent QUADOSE
El enrent QUADOSE
El emrent QUADOSE
El emrent QUADOSE
El ement QUADOSE
El ement QUADOSE
El ement QUADOSE
El ement QUADOSE
El ement QUADOSE
El ement QUADOSE
El enent QUADO8Q
El enent QUADO8Q

El ement QUADO8CD
El emrent QUADO8CD
El ement QUADO8CD
El ement QUADO8CD
El ement QUADO8CD
El ement QUADO8CD
El ement QUADO8CD
El ement QUADO8SCD
El ement QUADOSCD
El enment QUADO8SCD

HHEHFHFEHHHHHHHHHFHFHFEHEHH

HoHoHHHHHHHH

OCoO~NOOOThAWNPE

RPRRPRPRRRRERRR

17:
17:
17:
17:
17:
17:
17:
17:
17:

17:
17:
17:
17:
17:
17:
17:

29:
29:
29:
29:
29:
29:
29:
29:
29:

29:
29:
29:
29:
29:
29:
29:

08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08

17:29:68
17:29: 08
¥rkkxkxkxkkx D) CONDUCTI ON CALCULATI ON *** % * k% k k%

17:
17:
17:
17:
17:
17:
17:
17:
17:
17:

29:
29:
29:
29:
29:
29:
29:
29:
29:
29:

08
08
08
08
08
08
08
08
08
08

l) HEAT CALC:LJLATIO\I****************

)

14
14
14
14

wWwww



El enent
El enent
El enent
El enent
El enent
El enent
El enent
El enent
El enent
El ement
El emrent
El enent
El enent
El enent
El enent
El enent
El enent
El enent
El enent
El enent
El enent
El ement
El emrent
El enent
Bl ock 1

QUADOSCD
QUADOSCD
QUADOSCD
QUADOSCD
QUADOSCD
QUADOSCD
QUADOSCD
QUADOSCD
LI NEO3CV
LI NEO3CV
LI NEO3CV
LI NEO3CV
LI NEO3CV
LI NEO3CV
LI NEO3CV
LI NEO3CV
LI NEO3CV
LI NEO3CV
LI NEO3CV
LI NEO3CV
LI NEO3CV
LI NEO3CV
LI NEO3CV
LI NEO3CV

assenbl i ng ended.
REAL DOUBLE PRECI SI ON STATI C COVPUTATI ON

CONOURWNRRRPRRRPRRERRE

10
11
12
13
14
15
16

HHEHFHHFHFHFHHHFHFHFHFEHFEHFH R

LOADI NG CASE NUMBER 1
LOADI NG CASE NUMBER 2
LOADI NG CASE NUMBER 3
LOADI NG CASE NUMBER 4

GENPS

Rk S b R b O

17:
17:
17:
17:
17:
17:
17:
17:
17:
17:
17:
17:
17:
17:
17:
17:
17:

17:
17:
17:
17:
17:
17:
17:

29:
29:
29:
29:
29:
29:
29:
29:
29:
29:
29:
29:
29:
29:
29:
29:
29:

29:
29:
29:
29:
29:
29:
29:

08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08
08

17: 29: 08
17: 29: 08
17:29: 08
17:29: 08

DATE: 05/27/05 AT:17:29:08 END OF JOB: PRODECT CPU TIME: 0.56 SEC.

6.5 6.2.4 Reault file

2 2 2 % 3

AAAAAAAAAA
AAAAAAAAAAAA
AA AA
AA AA
AA AA
AAAAAAAAAAAA
AAAAAAAAAAAA
AA AA
AA AA
AA AA
AA AA
AA AA

TTTTTTTTTTTT

TTTTTTTTTTTT

TT

TT

TT

TT

TT

TT

TT

TT

TT

TT

LL

LL

LL

LL

LL

LL

LL

LL

LL

LL

LLLLLLLLLLLL

LLLLLLLLLLLL

2 %

3

2 £ 2 % 3



USER! D: LE: 05/30/05 A:15:26:32 JOB: PROJECT

1

JOB: PRQJECT DATE: 05/ 30/ 05 PACE: 2

LANGUAGE =ENGLI SH

PRI NTI NG LEVEL = 0O

25CD4D ALREADY EXI STS AS A STANDARD MATERI AL, I T IS REPLACED W TH THE FOLLOW NG
CHARACTERI STI CS :

25CD4D 2. 15000E+11 0. 33000 750. 00 0. 0000 0. 0000 0. 0000
DUMWY ALREADY EXI STS AS A STANDARD MATERI AL,
IT 1S REPLACED W TH THE FOLLOW NG CHARACTERI STI CS :
DUMWY 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000 0. 0000
DATA ON THE DI SPLACEMENT EXCI TATI ON VECTOR U :
NODE 80 DEGREE ELECPOT VALUE = 500. 000 0. 00000
CALCULATI ON W TH LOSSES
THE MATERI AL 25CD4AD I'S NOT DEFINED IN THE FI LE MATER. STD
NUMBER OF NODES | P= 255
NUMBER OF ELEMENTS | E= 92
Tol erance on node precision: 8.197560E-06
Detected finite el ement nodel symetry factor =  6.28319
May be incorrect if non principal symetries are present.
1

JOB: PRQJECT DATE: 05/ 30/ 05 PACE: 3
86 SOLI D NCDES
169 FLU D NCDES | NCLUDI NG 17 RADI ATED NCDES

I NCDE I DI SP | REPT/ | PLANE COORDI NATES X, Y,Z / LOCAL DI RECTI ON COSI NES
27 2 2 30 NODES FOUND I N THE PLANE.
-27 3 3 229 NODES FOUND I N THE PLANE.
-2 4 1 7 NODES FOUND | N THE PLANE.
-75 4 1 6 NODES FOUND | N THE PLANE.
-80 4 -1 3 NODES FOUND | N THE PLANE.
1
JOB: PRQJECT DATE: 05/ 30/ 05 PACE: 4
=== CPDDC ARRAY ===
NODES COORDI NATES D. O F. NUMBERS
1 -3.300E-02 6.000E-03 0.00 222. 223. 0 0
2 -3.300E-02 1.800E-02 0.00 224. 225. 0 0
3 -3.900E-02 1. 800E-02 0.00 256. 257. 0 0
4 -3.900E-02 6.000E-03 0.00 254. 255. 0 0
5 -3.300E-02 1.200E-02 0.00 232. 233. 0 0
6 -3.600E-02 1.800E-02 0.00 260. 261. 0 0
7 -3.900E-02 1.200E-02 0.00 262. 263. 0 0
8 -3.600E-02 6. 000E-03 0.00 258. 259. 0 0
9 -3.300E-02 2. 000E-02 0.00 234. 235. 0 0
10 -3.900E-02 2.000E-02 0.00 264. 265. 0 0
11 -3.300E-02 1.900E-02 0.00 236. 237. 0 0
12 -3. 600E-02 2. 000E-02 0.00 266. 267. 0 0
13 -3.900E-02 1.900E-02 0.00 268. 269. 0 0
14 -3. 300E-02 2. 300E-02 0.00 238. 239. 0 0
15 -3. 900E-02 2. 300E-02 0.00 242. 243. 0 0
16 -3. 300E-02 2.150E-02 0.00 240. 241. 0 0
17 -3.600E-02 2.300E-02 0.00 244, 245, 0 0
18 -3.900E-02 2.150E-02 0.00 270. 271. 0 0
19 -5.500E-02 1.000E-02 0.00 308. 309. 0 0



JOB:

20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

PRQIECT DATE:

51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84

- 6.
- 6.
-5.
-5.
- 6.
-5.
-5.
- 6.
-5.
-5.
- 5.
- 6.
-5.
-5.
-5.
-5.
-5.
-3.
-3.
-1.
-1.
- 3.
- 2.
-1.
- 2.
-4.
-4.
-5.
-4.
-4.
-5.

-5.
-4,
-5.
-4,
-5.
-4,
-4,
-4,
-4,

400E- 02
400E- 02
500E- 02
950E- 02
400E- 02
950E- 02
500E- 02
400E- 02
500E- 02
950E- 02
500E- 02
400E- 02
000E- 02
000E- 02
250E- 02
000E- 02
250E- 02
150E- 02
150E- 02
300E-02
300E-02
150E- 02
225E-02
300E-02
225E- 02
075E-02
075E-02
500E- 02
700E- 02
700E- 02
500E- 02

100E- 02
700E-02
100E- 02
700E- 02
100E- 02
700E- 02
300E- 02
300E- 02
300E-02

0.00
0. 00

- 8.
- 8.

0OOE- 03
0OOE- 03

0. 00

-4.
- 8.
-4.
-1.
-1.
- 8.

000E- 03
000E- 03
000E- 03
050E- 02
050E- 02
00O0E- 03

0.00

- 8.

000E- 03

0. 00

-4.
-1.
-1.
-1.
-1.
-1.
- 2.
- 2.
-1.
- 2.
-1.

00OE- 03
300E-02
300E-02
050E- 02
300E- 02
050E- 02
300E- 02
300E- 02
800E- 02
300E-02
800E- 02

. 000E- 02
. 000E- 03
. 000E- 03
. 000E- 02
000OE- 03
. 000E- 03
. 000E- 03
0. 00
0. 00
0. 00
3. 000E-03
3. 000E- 03
0. 00
4. 000E- 03
0. 00
2. 000E-03
5. 000E- 03
4. 000E- 03
0. 00
0. 00
4. 000E- 03
2. 000E-03
0. 00
2. 000E-03
4. 000E- 03
0. 00
4. 000E- 03
2. 000E-02
1. 400E- 02
2. 000E-02
1. 500E-02

05/ 30/ 05

. 200E- 02
. 700E- 02
. 000E- 02
000E- 03
000OE- 03
000E- 02
000E- 02
. 600E- 02
. 000E- 03
0. 00
1. 000E-02
6. 000E- 03
0. 00
5. 000E- 03
8. 000E- 03
3. 000E- 03
0. 00
5. 000E- 03
0. 00
. 000E- 02
. 000E- 02
. 300E- 02
500E- 02
000E- 02
800E-02
. 000E- 03
900E- 02
200E- 02
000OE- 03
800E- 02
00OE- 03
. 800E- 02
. 200E- 02
. 000E- 03

OFRPNFPOONRPFP

ORRPORPRORRFPORNREPENN

D000 00000000000000000000O0O0O0O0OO0O

OC000000000000000000000000000O00000O0

.00
.00
.00
.00
.00

.00
.00

.00
.00

.00
.00
.00
.00
.00
.00

.00
.00

.00
.00

.00
.00
.00

.00
.00

.00
.00
.00
.00
.00
.00
.00

.00
.00

.00
.00

.00
.00
.00
.00
.00
.00

.00
.00

.00
.00

.00
.00
.00

.00
.00
.00

318.
323.
300.
320.
330.
328.
316.
322.
302.
325.
303.
326.
274.
272.
307.
275.
305.
246.
248.
216.
217.
249.
253.
221.
251.
279.
277.
296.
280.
290.
310.

312.
294.
298.
282.
314.
286.
292.
284.
288.
176.
170.
188.
187.
177.
191.
193.
190.
219.
218.
179.
172.
195.
174.
181.
183.
197.
185.
201.
199.
206.
203.
211.
214.
208.

313.
295.
299.
283.
315.
287.
293.
285.
289.

171.
189.

178.
192.
194.

220.

180.
173.
196.
175.
182.
184.
198.
186.
202.
200.
207.
204.
212.
215.
209.

COOOOOOOOLO000O0O00O0000O0O00O0O000O00000

COOOOOOO0LOO00O0O0O000000000O00O00O0O00000O0

COOOOOOO0OLO000O0O000000O0O00O0O00O000000

COLOOLOOLO0OOO0000O00000O000O00O000O

NN
oo
oo

213.
205.
210.

PAGE:
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1

85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104

JOB: PRQUECT DATE:

105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149

-2
-2

1
5
1

9
4
1

7
3
8

6
3

6

WHEWWEEREANNMNWNNWORWAEWOMONEENENNNMNNDNONORORRRENRRENEDN

. 800E- 02
. 800E- 02
0. 00
. 155E- 02
. 817E- 03
. 233E- 02
0. 00
0. 00
. 545E- 03
. 762E- 03
. 059E- 02
0. 00
0. 00
. 540E- 03
. 7T06E- 03
. 498E- 03
0. 00
0. 00
. 250E- 03
. 125E- 03

. 761E- 03
0. 00

. 218E- 02
. 698E- 02
370E- 02
875E-02
. 420E- 02
050E- 02
532E-02
142E- 02
700E- 02
250E-02
375E-03
. 379E- 02
163E-02
708E- 02
. 375E- 02
729E- 02
313E-02
947E-02
294E-02
918E-02
510E-02
875E-02
563E-02
082E- 02
980E- 02
591E- 02
227E-02
487E- 02
124E- 02
734E-02
993E-02
656E- 02
240E-02
500E- 02
188E- 02
747E- 02
371E- 02
191E- 02
675E- 02
728E- 02
. 615E- 02
. 053E- 02
. 085E- 02

. 800E- 02
. 000E- 03
. 875E- 02
768E- 02
847E- 02
116E- 02
238E-02
150E- 02
050E- 02
119E- 02
411E-02
513E-02
425E-02
333E- 02
391E- 02
689E- 02
788E- 02
700E- 02
. 650E- 02
. 675E- 02

NONOOWWORRRRROORRDOE

05/ 30/ 05

. 985E- 02
. 063E- 02
. 452E- 02
637E- 02
748E- 02
806E- 02
946E- 02
134E- 02
159E- 02
254E-02
477E-02
600E- 02
625E-02
863E- 02
915E- 02
211E-02
129E- 02
427E-02
631E-02
678E-02
939E- 02
052E- 02
177E- 02
550E- 02
575E-02
726E- 02
151E- 02
558E- 02
260E- 02
934E- 02
191E- 02
043E-02
717E-02
824E-02
826E-02
500E- 02
525E-02
609E- 02
423E-02
794E- 02
515E- 02
240E- 02
. 593E- 02
. 332E- 02
. 058E- 02

NNRNRNNORNNNNNNNOONWOONNNOONOOORPONNNOWOROORDRON

OC00000000O00000O0O000O0O0

O00000000000000000000000000000000000000O0000O0O0

.00
.00
.00
.00
.00

.00
.00

.00
.00

.00
.00
.00
.00
.00
.00

.00

.00

.00
.00
.00

.00
.00

.00
.00

.00
.00
.00
.00
.00
.00

.00
.00

.00
.00

.00
.00
.00
.00
.00
.00

.00
.00

.00
.00

.00
.00
.00

.00
.00
.00

229.
226.
52.
49.
53.
51.
54.
81.

82.
80.

110.
107.
111.
109.
112.
134.
131.
135.

133.
136.
46.
50.
48.
75.
79.
77.
104.
108.
106.
125.
132.
127.
43.
47.
45.
72.
76.
74.
98.
105.
100.
101.
126.
103.
40.
44.
42.
66.
73.

69.
99.

95.
102.
97.
34.
41.
36.
37.
67.
39.
63.

230.
227.

©

COOOOOOO0O0O0O0O000000

COOOOLOO0OLOO0000OD000O0000000O000000000O0000O0O00000O0O

i e e e R e e e e e e

COOOOOO0OLO0O0000O0O0000O0O00000OO000000000O0000O0O00000O0

231.
228.

©

COOOOOOO0O0O0O0O00O0000

COOOOOOOOLOO0000ODO0000O0O00000O000000000O0000O0O00000OD0O
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1

1

150 3.038E-02
151 3. 403E-02
152 2. 500E-02
153 2. 500E-02
154 2.782E-02
155 4. 634E-02
156 4.518E-02
157 4.982E-02
158 3. 905E-02
JOB: PRQUECT DATE
159 3. 825E-02
160 4.273E-02
161 3. 177E-02
162 3. 133E-02
163 3. 538E-02
164 2. 500E-02
165 2. 500E-02
166 2.829E-02
167 4. 780E-02
168 4.721E-02
169 5.157E-02
170 4.014E-02
171 3. 968E-02
172 4. 398E-02
173 3. 247E-02
174 3. 216E-02
175 3.629E-02
176 2. 500E-02
177 2. 500E-02
178 2.870E-02
179 4. 825E-02
180 4.814E-02
181 5.213E-02
182 4. 050E-02
183 4. 041E-02
184 4.438E-02
185 3. 275E-02
186 3. 268E-02
187 3.663E-02
188 2. 500E-02
189 2. 500E-02
190 2.888E-02
191 1.875E-02
192 1.875E-02
193 2. 188E-02
194 1. 250E-02
195 1. 250E-02
196 1.563E-02
197 6. 250E-03
198 6. 250E-03
199 9. 375E-03
200 0. 00
201 0. 00
202 3.125E-03
203 1.875E-02
204 1.875E-02
205 2.188E-02
206 1.250E-02
207 1. 250E-02
208 1.563E-02
209 6. 250E-03
210 6. 250E-03
211 9.375E-03
212 0. 00

JOB: PRQUECT DATE

. 392E- 02
. 149E- 02
. 875E- 02
188E- 02
966E- 02
653E-02
. 044E- 02
. 718E- 02
. 513E- 02

PRNRPREPNRNN

05/ 30/ 05

. 881E- 02
. 584E- 02
373E-02
718E- 02
. 442E- 02
250E-02
563E-02
. 308E- 02
. 440E- 03
253E-02
767E-03
623E-03
139E- 02
048E- 03
806E- 03
026E- 02
198E- 03
. 250E- 03
. 375E- 03
. 479E- 03

0. 00
4. 243E- 03

0. 00

0. 00
3. 808E-03

0. 00

0. 00
3. 373E-03

0. 00

0. 00
3. 125E- 03

0. 00
1. 966E-02
2. 259E-02
1. 910E-02
2. 113E-02
2. 356E-02
2. 036E-02
2. 259E-02
2. 454E-02
2. 189E-02
2. 350E-02
2. 525E-02
2
1
1
1
1
1
1
1
2
1
2

CDOONROORNORORRPRRRRERRR

. 315E- 02
. 380E- 02
. 673E-02
. 293E- 02
. 625E- 02
. 869E- 02
. 495E- 02
. 870E- 02
. 064E- 02
. 755E- 02
. 000E- 02

05/ 30/ 05

D000 000000000000000000000000000000000000000000000O0O0000

.00
.00
.00
.00
.00

.00
.00
.00

.00
.00
.00
.00
.00
.00

.00
.00

.00
.00

.00
.00
.00

.00
.00

.00
.00

.00
.00
.00
.00
.00
.00

.00
.00

.00
.00

.00
.00
.00
.00
.00
.00

.00
.00

.00
.00

.00
.00
.00

.00

70.
65.
92.
96.
94.
11.
35.
13.
31.

38.
33.
60.
64.
62.
89.
93.
91.

12.

26.
32.
29.
55.
61.
58.
84.
90.
87.

27.
28.
30.
56.
57.
59.

86.

88.
121.
124.
123.
128.
129.
130.
146.
147.
148.
152.
153.
154.
118.
122.
120.
142.
145.
144.
149.
150.
151.
161.

S e S S

COOOOOO000O0O00000O000000000000000000O0O0000O0O000000000O0O00O000O

CeooLo000o

COOOOOO000O0O00000O00000000000000O0O000O0O00000O000000000O0O0O0000O

S e S e

COOOOOO000O0O00000O000000000000000O000O0O00O00O0000000000O0O0O0000O
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213 0. 00 2.175E-02 0.00 162. 0.
214 3.125E-03 1.957E-02 0.00 163. 0.
215 1.875E-02 6.879E-03 0.00 113. 0.
216 1.875E-02 1.034E-02 0.00 119. 0.
217 2.188E-02 6.449E-03 0.00 116. 0.
218 1.250E-02 8.125E-03 0.00 137. 0.
219 1.250E-02 1.219E-02 0.00 143. 0.
220 1.563E-02 7.464E-03 0.00 140. 0.
221 6.250E-03 9.371E-03 0.00 155. 0.
222 6.250E-03 1.404E-02 0.00 160. 0.
223 9.375E-03 8. 786E-03 0.00 158. 0.
224 0. 00 1. 000E-02 0.00 164. 0.
225 0. 00 1. 500E-02 0.00 165. 0.
226 3.125E-03 9.801E-03 0.00 166. 0.
227 1.875E-02 0.00 0. 00 114. 0.
228 1.875E-02 3.430E-03 0.00 115. 0.
229 2.188E-02 0.00 0. 00 117. 0.
230 1.250E-02 0.00 0. 00 138. 0.
231 1.250E-02 4.063E-03 0.00 139. 0.
232 1.563E-02 0.00 0. 00 141. 0.
233 6.250E-03 0.00 0. 00 156. 0.
234 6.250E-03 4.695E-03 0.00 157. 0.
235 9.375E-03 0.00 0. 00 159. 0.
236 0. 00 0. 00 0. 00 167. 0.
237 0. 00 5. 000E-03 0.00 168. 0.
238 3.125E-03 0.00 0. 00 169. 0.
239 0. 00 5.600E-02 0.00 24. 0.
240 6.398E-03 5.563E-02 0.00 25. 0.
241 1.284E-02 5.451E-02 0.00 22. 0.
242 1.903E-02 5.267E-02 0.00 23. 0.
243 2.500E-02 5.011E-02 0.00 20. 0.
244 3.063E-02 4.688E-02 0.00 21. 0.
245 3.582E-02 4.304E-02 0.00 18. 0.
246 4.060E-02 3.857E-02 0.00 19. 0.
247 4.474E-02 3.368E-02 0.00 16. 0.
248 4.729E-02 2.999E-02 0.00 17. 0.
249 4.957E-02 2.606E-02 0.00 14. 0.
250 ©5.150E-02 2.199E-02 0.00 15. 0.
251 5.311E-02 1.776E-02 0.00 9. 0.
252 5.437E-02 1.341E-02 0.00 10. 0.
253 5.527E-02 8.996E-03 0.00 1. 0.
254 5.582E-02 4.491E-03 0.00 3. 0.
255 5.600E-02 0.00 0. 00 2. 0.
MAXA ARRAY :

MAXA( 332) = 8728
Nonbre total approximatif de transferts de
bl ocs par factorisation et par triangle : 2

SKYLI NE STORAGE OF THE STI FFNESS MATRI X USI NG BLOCKS
NUMBER OF EQUATIONS : 331

I NFORVATI ON ON THE BLOCKS

NUMBER OF BLOCKS : 1

MAXI MUM BLOCK SI ZE : 8727

MAXI MUM NUMBER OF ADRESSES PER BLOCK : 332

PERCENTAGE OF THE WHOLE MATRI X STORED : 15. 00

Frequency 25000. 0 Hz

DEGREES OF FREEDOM W TH A | MPOSED DI SPLACEMENT :

REACTI ON AT NCDE NUMBER 80 DDL TYPE 8 : -8.517731E-08
| MPEDANCE AND ADM TTANCE AT NODE NUMBER 80 : 1108. 75
7.946317E-07 + J * 2.675924E-05

Frequency 35000. 0 Hz

REACTI ON AT NCDE NUMBER 80 DDL TYPE 8 : -1.077496E-07
| MPEDANCE AND ADM TTANCE AT NODE NUMBER 80 : 2947. 98
6. 755355E-06 + J * 4.739077E-05

Frequency 45000. 0 Hz

REACTI ON AT NCDE NUMBER 80 DDL TYPE 8 : -2.380391E-08

COOOOOOOLOO00O0O0O00000000000O00O0O000000O000O0O0O0000O

COOOOOOOLOO00O0O0O0000O00000O0O0O00O0O000000O000O0O0O0000O

. 529391E-09
-37337.3

. 535926E- 08
-20680.9

. 039633E- 08



| MPEDANCE AND ADM TTANCE AT NODE NUMBER 80 :
1.153385E-05 + J *

Frequency

55000. 0

1. 346079E- 05
Hz

REACTI ON AT NCDE NUMBER 80 DDL TYPE 8

| MPEDANCE AND ADM TTANCE AT NODE NUMBER 80 :

1.133063E-06 + J *

FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)

4.127157E-05

25000.
35000.
45000.
55000.
25000.
35000.
45000.
55000.
25000.
35000.
45000.
55000.
25000.
35000.
45000.
55000.
25000.
35000.
45000.
55000.
25000.
35000.
45000.
55000.
25000.
35000.
45000.
55000.
25000.
35000.
45000.
55000.
25000.
35000.
45000.
55000.
25000.
35000.
45000.
55000.
25000.
35000.
45000.
55000.
25000.
35000.
45000.
55000.
25000.
35000.
45000.
55000.
25000.
35000.
45000.
55000.
25000.
35000.
45000.
55000.
25000.
35000.

00
00
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00
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00
00
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00
00
00
00
00
00
00
00
00
00
00
00
00
00
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00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

Di ssi pated
Di ssi pated
Di ssi pated
Di ssi pated
Di ssi pated
Di ssi pat ed
Di ssi pated
Di ssi pated
Di ssi pated
Di ssi pated
Di ssi pated
Di ssi pated
Di ssi pated
Di ssi pated
Di ssi pated
Di ssi pated
Di ssi pat ed
Di ssi pat ed
Di ssi pat ed
Di ssi pated
Di ssi pat ed
Di ssi pated
Di ssi pated
Di ssi pated
Di ssi pated
Di ssi pated
Di ssi pated
Di ssi pated
Di ssi pat ed
Di ssi pat ed
Di ssi pat ed
Di ssi pated
Di ssi pat ed
Di ssi pated
Di ssi pated
Di ssi pated
Di ssi pated
Di ssi pated
Di ssi pated
Di ssi pated
Di ssi pat ed
Di ssi pat ed
Di ssi pat ed
Di ssi pated
Di ssi pat ed
Di ssi pated
Di ssi pated
Di ssi pated
Di ssi pated
Di ssi pated
Di ssi pated
Di ssi pated
Di ssi pat ed
Di ssi pat ed
Di ssi pated
Di ssi pated
Di ssi pated
Di ssi pated
Di ssi pated
Di ssi pated
Di ssi pated
Di ssi pated

36706.0

-5.971431E- 08
664. 699

Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power
Power

Density
Density
Density
Density
Density
Density
Density
Density
Density
Density
Density
Density
Density
Density
Density
Density
Density
Density
Density
Density
Density
Density
Density
Density
Density
Density
Density
Density
Density
Density
Density
Density
Density
Density
Density
Density
Density
Density
Density
Density
Density
Density
Density
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Density
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Density
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Density
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Density
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* -42838.4

1. 639387E- 09
*  -24211.5

. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0O000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00
. 0000E+00



FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)
FREQUENCE ( Hz)

45000.
55000.
25000.
35000.
45000.
55000.
25000.
35000.
45000.
55000.

00
00
00
00
00
00
00
00
00
00

Di ssi pat ed
Di ssi pated
Di ssi pat ed
Di ssi pated
Di ssi pated
Di ssi pated
Di ssi pated
Di ssi pated
Di ssi pated
Di ssi pated

FREQUENCY (Hz) TOTAL DI SSI PATED PONER (W

25000.
35000.
45000.
55000.

Tol erance on node preci sion:
Detected finite el ement node
May be incorrect

1

if non principa

0.27493E-01
0.99217E-01
0. 28810E+00
0. 90765E- 01

JOB: PRQJECT DATE: 05/30/05 PACE: 9

0 SAID
0 FLUD
THE NODE
THE NODE
THE NODE
THE NODE
THE NODE
THE NODE
THE NODE
THE NODE
THE NODE
THE NODE
THE NODE
THE NODE
THE NODE
THE NODE
THE NODE
THE NODE
THE NODE
THE NODE
THE NODE
THE NODE
THE NODE
THE NODE
THE NODE
THE NODE
THE NODE
THE NODE
THE NODE
THE NODE
THE NODE
THE NODE
THE NODE
THE NODE
THE NODE
THE NODE
THE NODE
THE NODE
THE NODE
THE NODE
THE NODE
THE NODE
THE NODE
THE NODE
THE NODE
THE NODE
THE NODE
THE NODE

NODES

NODES
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NUMBER
NUMBER
NUMBER
NUMBER
NUMBER
NUMBER
NUMBER
NUMBER
NUMBER
NUMBER
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NUMBER
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NUMBER
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NUMBER
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NUMBER
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106
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120
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CONNECTED
CONNECTED
CONNECTED
CONNECTED
CONNECTED
CONNECTED
CONNECTED
CONNECTED
CONNECTED
CONNECTED
CONNECTED
CONNECTED
CONNECTED
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CONNECTED
CONNECTED
CONNECTED
CONNECTED
CONNECTED
CONNECTED
CONNECTED
CONNECTED
CONNECTED
CONNECTED
CONNECTED
CONNECTED
CONNECTED
CONNECTED
CONNECTED
CONNECTED
CONNECTED
CONNECTED
CONNECTED
CONNECTED
CONNECTED
CONNECTED
CONNECTED
CONNECTED
CONNECTED
CONNECTED
CONNECTED
CONNECTED
CONNECTED
CONNECTED
CONNECTED
CONNECTED
CONNECTED

8. 197560E- 06
synmretry factor =
symmetries are present.

TO AN
TO AN
TO AN
TO AN
TO AN
TO AN
TO AN
TO AN
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TO AN
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TO AN
TO AN
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TO AN
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TO AN
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TO AN
TO AN
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TO AN
TO AN
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Power
Power
Power
Power
Power
Power

Density
Density
Density
Density
Density
Density
Density
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ELEMENT
ELEMENT
ELEMENT
ELEMENT
ELEMENT
ELEMENT
ELEMENT
ELEMENT
ELEMENT
ELEMENT
ELEMENT
ELEMENT
ELEMENT
ELEVENT
ELEVENT
ELEVENT
ELEMVENT
ELEMVENT
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ELEMENT
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ELEMVENT
ELEMVENT
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6. 28319
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. 0000E+00
. 0000E+00
.1347E-01
.4395E-01
. 1143E+00
. 3506E-01
. 1402E-01
.5527E-01
. 1738E+00
. 5570E-01



THE NODE NUMBER 133
THE NODE NUMBER 134
THE NODE NUMBER 135
THE NODE NUMBER 136
THE NODE NUMBER 137
THE NODE NUMBER 138
THE NODE NUMBER 139
THE NODE NUMBER 140
THE NODE NUMBER 141
THE NODE NUMBER 142
THE NODE NUMBER 143
THE NODE NUMBER 144
THE NODE NUMBER 145
THE NODE NUMBER 146
THE NODE NUMBER 147
THE NODE NUMBER 148
THE NODE NUMBER 149
THE NODE NUMBER 150
THE NODE NUMBER 151
THE NODE NUMBER 152
THE NODE NUMBER 153
THE NODE NUMBER 154
THE NODE NUMBER 155
THE NODE NUMBER 156
THE NODE NUMBER 157
THE NODE NUMBER 158
THE NODE NUMBER 159
THE NODE NUMBER 160
THE NODE NUMBER 161
THE NODE NUMBER 162
THE NODE NUMBER 163
THE NODE NUMBER 164
THE NODE NUMBER 165
THE NODE NUMBER 166
THE NODE NUMBER 167
THE NODE NUMBER 168
THE NODE NUMBER 169
THE NODE NUMBER 170
THE NODE NUMBER 171
THE NODE NUMBER 172
THE NODE NUMBER 173
THE NODE NUMBER 174
THE NODE NUMBER 175
THE NODE NUMBER 176
THE NODE NUMBER 177
THE NODE NUMBER 178
THE NODE NUMBER 179
THE NODE NUMBER 180
THE NODE NUMBER 181
THE NODE NUMBER 182
THE NODE NUMBER 183
THE NODE NUMBER 184
THE NODE NUMBER 185
THE NODE NUMBER 186
THE NODE NUMBER 187
THE NODE NUMBER 188
THE NODE NUMBER 189
THE NODE NUMBER 190
THE NODE NUMBER 191
THE NODE NUMBER 192
THE NODE NUMBER 193
THE NODE NUMBER 194
THE NODE NUMBER 195
THE NODE NUMBER 196
THE NODE NUMBER 197
THE NODE NUMBER 198
THE NODE NUMBER 199
THE NODE NUMBER 200

NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
NOT CONNECTED TO AN ELEMENT
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THE NODE NUMBER 201 |'S NOT CONNECTED
THE NODE NUMBER 202 | S NOT CONNECTED
THE NODE NUMBER 203 |'S NOT CONNECTED
THE NODE NUMBER 204 1S NOT CONNECTED
THE NODE NUMBER 205 |'S NOT CONNECTED
THE NODE NUMBER 206 |'S NOT CONNECTED
THE NODE NUMBER 207 |'S NOT CONNECTED
THE NODE NUMBER 208 |'S NOT CONNECTED
THE NODE NUMBER 209 |'S NOT CONNECTED
THE NODE NUMBER 210 |'S NOT CONNECTED
THE NODE NUMBER 211 1S NOT CONNECTED
THE NODE NUMBER 212 |'S NOT CONNECTED
THE NODE NUMBER 213 | S NOT CONNECTED
THE NODE NUMBER 214 | S NOT CONNECTED
THE NODE NUMBER 215 |'S NOT CONNECTED
THE NODE NUMBER 216 | S NOT CONNECTED
THE NODE NUMBER 217 |'S NOT CONNECTED
THE NODE NUMBER 218 |'S NOT CONNECTED
THE NODE NUMBER 219 |'S NOT CONNECTED
THE NODE NUMBER 220 |'S NOT CONNECTED
THE NODE NUMBER 221 |'S NOT CONNECTED
THE NODE NUMBER 222 1S NOT CONNECTED
THE NODE NUMBER 223 | S NOT CONNECTED
THE NODE NUMBER 224 | S NOT CONNECTED
THE NODE NUMBER 225 | S NOT CONNECTED
THE NODE NUMBER 226 | S NOT CONNECTED
THE NODE NUMBER 227 |'S NOT CONNECTED
THE NODE NUMBER 228 | S NOT CONNECTED
THE NODE NUMBER 229 |'S NOT CONNECTED
THE NODE NUMBER 230 |'S NOT CONNECTED
THE NODE NUMBER 231 |'S NOT CONNECTED
THE NODE NUMBER 232 |'S NOT CONNECTED
THE NODE NUMBER 233 |'S NOT CONNECTED
THE NODE NUMBER 234 | S NOT CONNECTED
THE NODE NUMBER 235 | S NOT CONNECTED
THE NODE NUMBER 236 |'S NOT CONNECTED
THE NODE NUMBER 237 | S NOT CONNECTED
THE NODE NUMBER 238 | S NOT CONNECTED
THE NODE NUMBER 239 |'S NOT CONNECTED
THE NODE NUMBER 240 |'S NOT CONNECTED
THE NODE NUMBER 241 |'S NOT CONNECTED
THE NODE NUMBER 242 |'S NOT CONNECTED
THE NODE NUMBER 243 | S NOT CONNECTED
THE NODE NUMBER 244 |S NOT CONNECTED
THE NODE NUMBER 245 | S NOT CONNECTED
THE NODE NUMBER 246 | S NOT CONNECTED
THE NODE NUMBER 247 |'S NOT CONNECTED
THE NODE NUMBER 248 | S NOT CONNECTED
THE NODE NUMBER 249 | S NOT CONNECTED
THE NODE NUMBER 250 | S NOT CONNECTED
THE NODE NUMBER 251 |'S NOT' CONNECTED
THE NODE NUMBER 252 | S NOT CONNECTED
THE NODE NUMBER 253 | S NOT' CONNECTED
THE NODE NUMBER 254 |'S NOT CONNECTED
THE NODE NUMBER 255 |'S NOT CONNECTED
I NODE I DI SP | REPT/ | PLANE COORDI NATES X,
1
JOB: PRQJECT DATE: 05/ 30/ 05 PACE: 10
=== CPDDC ARRAY ===
NODES COCORDI NATES

1 -3.300E-02 6.000E-03 0.00

2 -3.300E-02 1.800E-02 0.00

3 -3.900E-02 1. 800E-02 0.00

4 -3.900E-02 6.000E-03 0.00

5 -3.300E-02 1.200E-02 0.00

6 -3.600E-02 1.800E-02 0.00

7 -3.900E-02 1.200E-02 0.00

8 -3.600E-02 6. 000E-03 0.00

TO AN
TO AN
TO AN
TO AN
TO AN
TO AN
TO AN
TO AN
TO AN
TO AN
TO AN
TO AN
TO AN
TO AN
TO AN
TO AN
TO AN
TO AN
TO AN
TO AN
TO AN
TO AN
TO AN
TO AN
TO AN
TO AN
TO AN
TO AN
TO AN
TO AN
TO AN
TO AN
TO AN
TO AN
TO AN
TO AN
TO AN
TO AN
TO AN
TO AN
TO AN
TO AN
TO AN
TO AN
TO AN
TO AN
TO AN
TO AN
TO AN
TO AN
TO AN
TO AN
TO AN
TO AN
TO AN
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ELEMVENT
ELEMVENT
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ELEMVENT
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ELEMENT
ELEVENT
ELEVENT
ELEVENT
ELEVENT
ELEMVENT
ELEMVENT
ELEMVENT
ELEMVENT
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ELEMENT
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ELEVENT
ELEVENT
ELEVENT
ELEVENT
ELEMVENT
ELEMVENT
ELEMVENT
ELEMVENT
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ELEMENT
ELEMENT
ELEMENT
ELEVENT
ELEVENT
ELEVENT
ELEVENT
ELEMVENT
ELEMVENT
ELEMVENT
ELEMVENT
ELEMENT
ELEMENT
ELEMENT
ELEMENT
ELEVENT
ELEVENT
ELEVENT
ELEVENT
ELEMVENT
ELEMVENT
ELEMVENT
ELEMVENT
ELEMENT
Y,Z | LOCAL DI RECTI ON COsl NES

. O F. NUMBERS

D.
1
2
3.
4.
5
6
7
8



JOB:

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

PRQJECT DATE:

51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73

- 3. 300E- 02
- 3. 900E- 02
- 3. 300E- 02
- 3. 600E- 02
- 3. 900E- 02
- 3. 300E- 02
- 3. 900E- 02
- 3. 300E- 02
- 3. 600E- 02
- 3. 900E- 02
-5. 500E- 02
- 6. 400E- 02
- 6. 400E- 02
-5. 500E- 02
-5. 950E- 02
- 6. 400E- 02
-5. 950E- 02
- 5. 500E- 02
- 6. 400E- 02
-5. 500E- 02
- 5. 950E- 02
- 5. 500E- 02
- 6. 400E- 02
-5. 000E- 02
-5. 000E- 02
-5. 250E- 02
-5. 000E- 02
-5. 250E- 02
- 3. 150E- 02
- 3. 150E- 02
-1. 300E- 02
-1. 300E- 02
- 3. 150E- 02
-2.225E-02
-1. 300E- 02
-2.225E-02
-4.075E- 02
-4.075E- 02
-5. 500E- 02
-4.700E- 02
-4.700E- 02
- 5. 500E- 02

-5. 100E- 02
-4. 700E- 02
-5. 100E- 02
-4.700E- 02
-5. 100E- 02
-4.700E- 02
-4. 300E- 02
-4. 300E- 02
-4. 300E- 02
0. 00
0. 00
- 8. 000E- 03
- 8. 000E- 03
0. 00
-4. 000E- 03
- 8. 000E- 03
-4. 000E- 03
-1. 050E- 02
-1. 050E- 02
- 8. 000E- 03
0. 00
- 8. 000E- 03
0. 00

. 000E- 02
. 000E- 02
. 900E- 02
. 000E- 02
900E- 02
. 300E- 02
. 300E- 02
150E- 02
. 300E- 02
. 150E- 02
. 000E- 02
. 000E- 02
. 000E- 03
. 000E- 03
000E- 02
. 000E- 03
. 000E- 03
. 000E- 03
0. 00
0. 00
0. 00
3. 000E- 03
3. 000E- 03
0. 00
4. 000E- 03
0. 00
2. 000E-03
5. 000E- 03
4. 000E- 03
0. 00
0. 00
4. 000E- 03
2. 000E-03
0. 00
2. 000E-03
4. 000E- 03
0. 00
4. 000E- 03
2. 000E-02
1. 400E- 02
2. 000E-02
1. 500E-02

05/ 30/ 05

. 200E- 02
. 700E- 02
. 000E- 02
. 000E- 03
. 000E- 03
000E- 02
. 000E- 02
. 600E- 02
. 000E- 03
0. 00
1. 000E-02
6. 000E- 03
0. 00
5. 000E- 03
8. 000E- 03
3. 000E- 03
0. 00
5. 000E- 03
0. 00
2. 000E-02
2. 000E-02
1. 300E-02
1. 500E-02

OFRPNFPOONERPRP
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O0000000000000O000000000

.00
.00
.00
.00
.00

.00
.00

.00
.00

.00
.00
.00
.00
.00
.00

.00
.00

.00
.00

.00
.00
.00

.00
.00

.00
.00

.00
.00
.00
.00
.00
.00
.00

.00
.00

.00
.00
.00
.00
.00
.00

.00
.00

.00
.00

.00
.00
.00

.00
.00
.00

10.
11.
12.
13.
14.
15.
16.

18.
19.
20.
21.
22.
23.
24.
25.
26.

28.
29.
30.
31.
32.
33.
34.
35.
36.

38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.

51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.

67.
68.
69.
70.
71.
72.
73.
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1

74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104

JOB: PRQUECT DATE:

105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138

-4
-1
-1
-1
-1
-1
-2
-2
-1
-2
-1
-2
-2

1
5
1

9
4
1

7
3
8

6
3

6

NNWOWEWONERENENMNNNNOMNRRORREPRERNERDNDEN

. 000E- 03
. 300E- 02
. 300E- 02
. 050E- 02
. 300E- 02
. 050E- 02
. 300E- 02
. 300E- 02
. 800E- 02
. 300E- 02
. 800E- 02
. 800E- 02
. 800E- 02
0. 00

. 155E- 02
. 817E- 03
. 233E-02
0. 00

0. 00

. 545E- 03
. 762E- 03
. 059E- 02
0. 00

0. 00

. 540E- 03
. 7T06E- 03
. 498E- 03
0. 00

0. 00

. 250E- 03
. 125E- 03

. 761E- 03
0. 00

. 218E- 02
. 698E- 02
. 370E- 02
875E-02
420E- 02
050E- 02
. 532E- 02
142E- 02
700E- 02
250E-02
. 375E- 03
. 379E- 02
163E-02
708E- 02
375E- 02
729E- 02
313E- 02
947E-02
294E-02
918E-02
510E- 02
875E-02
563E-02
082E-02
980E- 02
591E- 02
227E-02
487E- 02
124E- 02
. 734E- 02
. 993E- 02
. 656E- 02

. 000E- 02
. 800E- 02
. 000E- 03
900E- 02
200E- 02
00O0E- 03
. 800E- 02
00O0E- 03
800E- 02
200E-02
0OOE- 03
800E-02
000E- 03
875E- 02
768E- 02
847E- 02
116E-02
238E-02
150E- 02
050E- 02
119E- 02
411E-02
513E-02
425E- 02
333E-02
391E- 02
689E- 02
788E- 02
. 700E- 02
. 650E- 02
. 675E- 02

NONOOWOORRRRROORRROIRORRORORRORN

05/ 30/ 05

. 985E- 02
. 063E- 02
. 452E- 02
637E- 02
748E- 02
806E- 02
946E- 02
134E- 02
159E- 02
254E-02
477E-02
600E- 02
625E-02
863E-02
915E- 02
211E-02
129E- 02
427E-02
631E- 02
678E-02
939E- 02
052E-02
177E- 02
550E- 02
575E-02
726E-02
151E- 02
558E- 02
260E- 02
934E- 02
191E-02
. 043E- 02
. 717E-02
. 824E- 02

NNOONOWONNNOONORWAPONNNOOWAOWARBWN

D000 00000000000000000000O0O0O0O0OO0O

OC000000000000000000000000000O00000O0
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.00
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.00
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.00
.00
.00
.00
.00
.00

.00
.00

.00
.00

.00
.00
.00

.00
.00

.00
.00
.00
.00
.00
.00
.00

.00
.00

.00
.00

.00
.00
.00
.00
.00
.00

.00
.00

.00
.00

.00
.00
.00

.00
.00
.00

74.
75.
76.
77.
78.

80.
81.

83.
84.
85.
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1

139 3. 240E-02
140 2. 500E-02
141 2. 188E-02
142 2. 747E-02
143 4.371E-02
144 4.191E-02
145 4.675E-02
146 3. 728E-02
147 3. 615E-02
148 4. 053E-02
149 3. 085E-02
150 3.038E-02
151 3.403E-02
152 2. 500E-02
153 2. 500E-02
154 2.782E-02
155 4.634E-02
156 4.518E-02
157 4.982E-02
158 3. 905E- 02
JOB: PRQUECT DATE
159 3. 825E-02
160 4.273E-02
161 3. 177E-02
162 3. 133E-02
163 3. 538E-02
164 2. 500E-02
165 2. 500E-02
166 2.829E-02
167 4. 780E-02
168 4.721E-02
169 5. 157E-02
170 4.014E-02
171 3. 968E-02
172 4. 398E-02
173 3. 247E-02
174 3. 216E-02
175 3.629E-02
176 2. 500E-02
177 2. 500E-02
178 2.870E-02
179 4. 825E-02
180 4.814E-02
181 5.213E-02
182 4. 050E-02
183 4.041E-02
184 4.438E-02
185 3. 275E-02
186 3. 268E-02
187 3.663E-02
188 2. 500E-02
189 2. 500E-02
190 2.888E-02
191 1.875E-02
192 1.875E-02
193 2. 188E-02
194 1. 250E-02
195 1. 250E-02
196 1.563E-02
197 6. 250E-03
198 6. 250E-03
199 9. 375E-03
200 0. 00
201 0. 00
202 3.125E-03
203 1.875E-02

. 826E- 02
. 500E- 02
. 525E- 02
. 609E- 02
423E-02
. 794E- 02
. 515E- 02
240E-02
. 593E- 02
. 332E- 02
. 058E- 02
. 392E- 02
. 149E- 02
. 875E- 02
188E- 02
. 966E- 02
. 653E- 02
. 044E- 02
. 718E- 02
. 513E- 02

05/ 30/ 05

. 881E- 02
. 584E- 02
. 373E- 02
. 718E- 02
442E-02
. 250E- 02
. 563E- 02
308E-02
. 440E- 03
. 253E- 02
. 767E- 03
. 623E- 03
. 139E- 02
. 048E- 03
806E- 03
. 026E- 02
. 198E- 03
. 250E- 03
. 375E- 03
. 479E- 03

0. 00
4. 243E- 03

0. 00

0. 00
3. 808E-03

0. 00

0. 00
3. 373E-03

0. 00

0. 00
3. 125E- 03

0. 00
. 966E- 02
. 259E- 02
. 910E- 02
. 113E- 02
. 356E- 02
036E- 02
. 259E- 02
. 454E- 02
189E- 02
. 350E- 02
. 525E- 02
. 315E- 02
. 380E- 02

COONRPROORNORORRPRRRRERRR

OC00000000O00000O0O000O0O0

O00000000000000000000000000000000000000O000O0OO0

.00
.00
.00
.00
.00

.00
.00

.00
.00

.00
.00
.00
.00
.00
.00

.00

.00

.00
.00
.00

.00
.00

.00
.00

.00
.00
.00
.00
.00
.00

.00
.00

.00
.00

.00
.00
.00
.00
.00
.00

.00
.00

.00
.00

.00
.00
.00

.00
.00
.00

COOOLOOOOOO000O0O0O00000O

COOOOOOOLOO0000O00000000000000000000000O000000O0O0
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204 1. 875E-02
205 2. 188E-02
206 1. 250E-02
207 1. 250E-02
208 1.563E-02
209 6. 250E-03
210 6. 250E-03
211 9. 375E-03
212 0. 00

1

JOB: PRQJUECT DATE
213 0. 00
214 3. 125E-03
215 1.875E-02
216 1.875E-02
217 2. 188E-02
218 1. 250E-02
219 1. 250E-02
220 1.563E-02
221 6. 250E-03
222 6.250E-03
223 9. 375E-03
224 0. 00
225 0. 00
226 3. 125E-03
227 1.875E-02
228 1.875E-02
229 2. 188E-02
230 1.250E-02
231 1.250E-02
232 1.563E-02
233 6. 250E-03
234 6. 250E-03
235 9.375E-03
236 0. 00
237 0. 00
238 3. 125E-03
239 0. 00
240 6. 398E-03
241 1. 284E-02
242 1.903E-02
243 2.500E-02
244 3.063E-02
245 3.582E-02
246 4. 060E-02
247 4. 474E-02
248 4. 729E-02
249 4. 957E-02
250 5.150E-02
251 5.311E-02
252 5.437E-02
253 5.527E-02
254 5.582E-02
255 5.600E-02

MAXA ARRAY

MAXA( 87) = 1669

Nonbre tota

SKYLI NE STORAGE OF THE STI FFNESS MATRI X USI NG BLOCKS

| approximatif de transferts de
bl ocs par factorisation et par triangle

. 673E- 02
. 293E- 02
. 625E- 02
. 869E- 02
495E- 02
. 870E- 02
. 064E- 02
. 755E- 02
. 000E- 02

NRPNRRRRRRE

05/ 30/ 05

. 175E- 02
. 957E- 02
. 879E- 03
. 034E- 02
. 449E- 03
125E- 03
. 219E- 02
. 464E- 03
. 371E- 03
. 404E- 02
. 786E- 03
. 000E- 02
. 500E- 02
. 801E- 03

0. 00
3. 430E-03

0. 00

0. 00
4. 063E- 03

0. 00

0. 00
4. 695E- 03

0. 00

0. 00
5. 000E- 03

0. 00
. 600E- 02
. 563E- 02
451E- 02
. 267E- 02
. 011E- 02
688E-02
. 304E- 02
. 857E- 02
. 368E- 02
. 999E- 02
. 606E- 02
199E- 02
776E-02
. 341E- 02
. 996E- 03
. 491E- 03
0. 00

OFRPPFPOFRPRONPFPOOODFRPOREPN

NUMBER OF EQUATIONS : 86

I NFORVATI ON ON THE BLOCKS
NUMBER OF BLOCKS :
MAXI MUM BLOCK SI ZE : 1668

MAXI MUM NUMBER OF ADRESSES PER BLOCK
PERCENTAGE OF THE WHOLE MATRI X STORED :

1

[eNeoNoolooNoNoNooloNololoojlojooloNoloNoNoloNololooloNoloNoNololoNolooNoNeNoNeNe)

.00
.00
.00
.00
.00

.00
.00
.00

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

CeooLoo000o

COOOOOO00O0OO0000O0O000000000O00000000000000O0O00O0O0
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READI NG AND PREPROCESSI NG TI ME : 0.18 SEC. ,
ASSEMBLI NG TI ME : 0.01 SEC. ,
SOLVI NG TI ME : 0.03 SEC. ,
BACKSUBSTI TUTI ON TI ME : 0.18 SEC.
NREADS = 130 Kbyt es,
NWRTES = 4352 Kbyt es,

DATE: 05/30/05 AT:15:26:32 END OF JOB: PROJECT CPU TIME: 0.40 SEC

project.ati

Deformed transducer at the frequency 35000 Hz

6.6 Atilatest examples

This is a short description of all available ATILA tests provided with the code. We give for each file the corresponding type
of analysis (see Chapter 2), the element(s) type(s) and a short description of the problem.

6.6.1 Static analysis

NAME ANALYSIS ELEMENTS DESCRIPTION

STBO1 STAl QUADOSE Clamped disc. Loading: center
STB02 STAl QUADOSE Clamped disc. Loading: center
STB03 STAl QUADOSE Clamped disc. Loading: center
STB04 STAL QUADOSE Clamped disc. Uniform pressure
STB05 STAL QUADOSE Clamped bar. Loading: bar end
STB06 STAl TRIAOGE Clamped disc. Loading: center
STBO7 STA1 TRIAOGE Clamped disc. Loading: center
STB08 STAl TRIAOGE Clamped disc. Loading: center
STB09 STAl TRIAOGE Clamped disc. Loading: center
STB10 STAl TRIAOGE Clamped bar. Loading: bar end
STB11 STAL HEXAZ20E, Clamped disc. Loading: center

PRISI5E



STB12 STA1l HEXAZ20E, Clamped disc. Loading: center
PRISI5E
STB13 STAL HEXAZ20E, Clamped disc. Loading: center
PRIS15E
STB14 STA1 HEXAZ20E, Clamped disc. Loading: uniform pressure
PRISISE
STB15 STAl SHELO3E Clamped disc. Loading: center
STA16 STAl SHELO3E Long cylindrica shell in flexure.
Loading: uniformly distributed dong acircular section
STB17 STAL SHELO3E Long, smply supported cylindrical shell in flexure.
Loading: uniform pressure
STB18 STAL PLATOBE Simply supported rectangular plate. Loading: center
STB19 STAL PLATOSE Simply supported rectangular plate.
Loading: uniform pressure
STB20 STAl PLATOGE Simply supported rectangular plate. Loading: center
STB21 STAl PLATO6E Smply supported rectangular plate.
Loading: uniform pressure
STB22 STA1 FACEOSE Cylindrical shell. Loading: own weight
STB23 STA2 QUADO8P Piezoelectric gphere. Loading: uniform pressure,
short circuit condition
STB24 STA2 QUADO8P Piezodectric sphere. Loading: uniform pressure,
open circuit condition
STB25 STA2 TRIAO6P Piezodectric sphere. Loading: uniform pressure,
short circuit condition
STB26 STA2 TRIAO6P Piezodectric sphere. Loading: uniform pressure,
open circuit condition
STB27 STA2 HEXAZ20P, Piezodectric sphere. Loading: uniform pressure,
PRIS15P short circuit condition
STB28 STA2 HEXAZ20P Piezodectric sphere. Loading: uniform pressure,
open circuit condition
STB29 STA2 QUADO8P Piezoelectric bar. poling orthogond to the length.
Loading: uniform pressure
STB30 STA2 QUADO8P Piezodlectric bar. poling orthogona to the length.
Loading: uniform pressure
STB31 STESL QUADOSBES Electrogtrictive cylinder. Loading : éectrical potential, axisymmetrical non-linear
andysis
STB32 STESL QUADOGBES Electrodtrictive sphere. Loading : electrica potentia, axisymmetrical non-linear
andysis
STB33 STESL HEXA20ES Electrodtrictive flextentional transducer. Loading : electric potential, 3D non-linear
andysis
THERMO THAR1 QUADOGSE, Therma andysisof a2D plate

LINEO3CV



6.6.2 Modal analysis

NAME ANALYSIS ELEMENTS DESCRIPTION

MOBO1 MOD1 QUADOSE Clamped disc

MOBO02 MOD1 QUADOSE Clamped disc

MOBO06 MOD1 TRIAOGE Clamped disc

MOBO07 MOD1 TRIAOGE Clamped disc

MOB11 MOD1 HEXAZ20E, PRIS15E Clamped disc

MOB13 MOD1 HEXAZ20E, PRIS15E Clamped disc

MOB15 MOD1 HEXAZ20E, PRIS15E Clamped disc

MOB16 MOD1 SHELO3E Clamped disc

MOB17 MOD1 SHELO3E Spherical shell

MOB18 MOD1 PLATOSE Simply-supported rectangular plate

MOB19 MOD1 PLATO6E Simply-supported rectangular plate

MOB20 MOD1 FACEQBE Simply-supported cylindrical shell

MOB21 MOD2 QUADO8P Piezoelectric ceramic ring, resonance modes

MOB22 MOD2 QUADO8P Piezoelectric ceramic ring, antiresonance modes

MOB23 MOD2 QUADO8P Thin piezod ectric sphere, resonance modes

MOB24 MOD2 QUADOQ8P Thin piezoelectric sphere, antiresonance modes

MOB25 MOD2 QUADOQ8P Piezoelectric ceramic ring, resonance modes

MOB26 MOD2 QUADO8P Piezoelectric ceramic ring, antiresonance modes

MOB27 MOD2 QUADOQ8P Thin piezodlectric sphere, resonance modes

MOB28 MOD2 QUADOQ8P Thin piezoel ectric sphere, antiresonance modes

MOB29 MOD2 HEXA20P Piezoelectric ceramic ring, resonance modes

MOB30 MOD2 HEXA20P Piezoelectric ceramic ring, antiresonance modes

MOB31 MOD2 PRIS15P Piezoelectric ceramic ring, resonance modes

MOB32 MOD2 PRIS15P Piezoelectric ceramic ring, antiresonance modes

MOB33 MOD2 QUADOQ8P Piezodlectric bar, poling orthogond to the length,

resonance modes
MOB34 MOD2 TRIAO6P Piezodlectric bar, poling orthogond to the length,
antiresonance modes

MOB35 MOD2 QUADGSE, TRIAOGE, Thin shell Olive transducer, resonance modes
QUADO8P, SPRIOZE

MOB36 MOD2 HEXAZ20E, PRISI15E, Ultrasonic machining transducer, resonance modes
HEXA20P

MOB39 MOD4 QUADO8F Open fluid cylinder

MOB40 MOD4 TRIAOGF Open fluid cylinder

MOB41 MOD4 HEXA20F, PRIS15F Open fluid cylinder

MOB42 MOD4 PRIS15F Open fluid cylinder

MOB45 MOD2 HEXA20P Piezodlectric cube, resonance modes

MOB46 MOD2 QUADOBE, QUADO8P Tonpilz transducer, resonance modes

MOB47 MOD2 QUADOBE, QUADO8P Tonpilz transducer, antiresonance modes

MOD48 MOD1 HEXA20C GRP composite plate

MODA49 MOD1 HEXA20C GRP composite tube

MOB50 MOD1 HEXA20C GRP composite tube

MOB51 MOD1 QUADQOBC GRP composite tube

MOD52 MOD1 TETR10E Aluminum cube

MOD53 MOD2 TETR10P Piezoelectric cube, resonance modes

MOD54 MOD4 TETR10F Water cube

MOD56 MOD3 QUADG8M, QUADGBG Magnetostrictive rod

MOD57 MOD3 PRIS15M, PRIS15G, Magnetostrictive bar
HEXA20G

MOD58 MOD1 SHEL08C Composite plate

MOD59 MOD1 SHEL06C Composite plate



NAME ANALYSS ELEMENTS DESCRIPTION

HASO1 HAR2 QUADOSE, QUADOSP In-air harmonic analysis of a Tonpilz transducer

HASO2 HAR2 QUADOSE, QUADOSP In-air harmonic analysis of a Tonpilz transducer

HASM4 HAR7 QUADOSE, QUADOSP, Harmonic anaysis of aradiating Tonpilz transducer
LINEO6!, QUADOSF,
LINEO3R

HASO5 HAR7 QUADOSE, QUADOSP, Harmonic anaysis of aradiating Tonpilz transducer
LINEO6!, QUADOSF,
LINEO3R

HASO7 HAR7 QUADOSE, TRIAOGE, Harmonic andysis of aflooded hydrophone
QUADOSP, LINEO6I,
QUADOSF, LINEO3R

HASO8 HAR7 HEXAZ20P, PRIS15P Harmonic anadysis of aradiating piezoelectric sphere

HAS11 HAR5 LINEO6I, QUADOSF, Radiation of apiston in arigid baffle
LINEQO3R

HAR12 HAR11 QUADOGSE, LINEOS6I, Scattering of a plane wave by an infinite metallic plate constrained on
QUADOBF the back face

HAR13 HAR11 QUADOGSE, LINEOS6!, Scattering of aplane wave by an eastic layer of PVC
QUADOSF

HAR14 HAR11 QUADOSE, LINEOS6I, Scattering of a plane wave by an elastic layer of PVC
QUADOSF

HAR15 HAR11 HEXAZ20E, QUAD1S6!, Scattering of a plane wave by an elastic layer of PVC
HEXA20F

HAR16 HAR11 HEXAZ20E, QUAD1S6!, Scattering of a plane wave by an elastic layer of PVC
HEXA20F

HAR17 HAR4 QUADO8M, QUADO8G In-air harmonic analysis of a magnetostrictive rod

HAR18 HAR4 PRIS15M, HEXA20G, Inrair harmonic analysis of a magnetostrictive bar
PRISI5G

HAR19 HAR7 QUADOSP, LINEOSI, Rediation of an infinite piezoelectric cylinder
QUADOSF, LINEO3R

HAR20 HAR2 QUADOSE, QUADQ8P In-air harmonic analysis of asandwich transducer, including loss

effectsin the ceramic
HAR21 HAR2 HEXA20P Harmonic anadysis of apiezoelectric bar including loss effects, poling
orthogond to the length

HAR23 HAR13 QUADOSP, LINEO3Z Readiation of apiezodectric sphere.

HAR24 HAR13 HEXAZ20P, PRIS15P, Radiation of apiezoelectric sphere
QUADO08Z, TRIA06Z

HAR25 HAR12 QUADOSP, LINEOSI, Scattering by an infinite piezodlectric plate.
QUADO8F

HAR26 HAR12 QUADOSP,LINEO6I, Scattering by an infinite piezodlectric plate.
QUADOSF

HAR27 HAR12 HEXA20P, QUAD16I, Scattering by an infinite piezoelectric plate.
HEXA20F

HAR28 HAR12 HEXAZ20P, QUAD1S6I, Radiation by an infinite piezoelectric plate.
HEXAZ20F

HAR29 HARS8 QUADOSF, LINEO3R Scattering from arigid cylinder.

HAR30 HARS QUADOSF, LINEO3R Scattering from arigid cylinder.

THERM1 THAR1 HEXAZ20E, HEXA20P, Harmonic and thermal analysis of electric transformer
QUADOBCV

THERM2 THAR1 QUADOSE, QUADO8P, QUADO8F, Harmonic and thermal analysis of aaxisymmetrica 2D flooded
LINEQ3CV hydrophone

6.6.4 Transient analysis
NAME ANALYSIS ELEMENTS DESCRIPTION
TRAOL TRA1 QUADO8P Piezoelectric cylinder, Central Difference



TRAO2 TRAL QUADOQ8P Piezoelectric cylinder, Newmark

TRAQG3 TRAL QUADO8P Piezodectric cylinder, Wilson-Theta

TRAO4 TRA2 QUADO8P Piezodectric cylinder, Central Difference
TRAO5 TRA2 QUADO8P Piezodectric cylinder, Newmark

TRA06 TRA2 QUADO8P Piezodectric cylinder, Wilson-Theta

TRAO7 TRA3 QUADO8P Piezodectric cylinder, Central Difference
TRAO8 TRA3 QUADOQ8P Piezoelectric cylinder, Newmark

TRAQ9 TRA3 QUADO8P Piezodectric cylinder, Wilson-Theta

TRA10 TRA4 QUADO8P, QUADOSF Piezod ectric sphere in water, Wilson-Theta
TRA1l TRA4 QUADO8P, QUADOSF Piezodectric spherein water, Centra Difference
TRA12 TRA4 QUADO8P, QUADOSF Piezodlectric sphere in water, Newmark

TRB31 TRAESL QUADOSBES Electrodtrictive cylinder, Central Difference
TRB33 TRAESL HEXA20ES Electrogtrictive flextentional transducer, Central Difference



