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Introduction

At a glance

Fidesys Bundle is a software package for strength analysis. The package comprises the following types of
analysis:

e Static
e Dynamic (transient)
e Buckling
e Modal
The package also includes a program Fidesys Viewer for visualization and analysis of the obtained results:
e Visualization of scalar and vector fields

e Graph

e Time dependency analysis
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Getting Started

System requirements

CAE Fidesys from the beginning has been designed in such a way that the system requirements of the
package are low: it can be run on an ordinary personal computer. If the computer has one or more multi-
core processors calculations will be automatically parallelized on all cores. Starting version 1.5, calculation
paralleization to several nodes connected to a local network or a cluster are available in the 64-bit version
of the program package.

Fidesys Bundle software package has the following minimal requirements for software and hardware.

Hardware requirements

e (CPU:Dual-core 1,7 GHz minimum

e RAM: 2GB minimum

e Free hard drive space: 5 GB

e Video card NVIDIA GeForce GTX 460 or faster
e Screen resolution: 1024x768 or higher

Operating system
The following Windows versions 32-*/64-bit are supported:

e Windows XP SP3;

e Windows Vista SP2;

e Windows 7;

e Windows 8;

e Windows Server 2008 (including R2);
e Windows Server 2012 (including R2).

The following Linux versions (only 64-bit) are supported:

e OpenSUSE 12.3;

e RedHatELD5.9, 6.4;

e Ubuntu Server 10.04;

e Ubuntu Desktop and Server 12.04;
e Debian 6.0.x;

e (ent0S 6.5.

Spectral element method calculations and parallel calculations based on MPI technologies are available
only in the 64bit version of the program package.
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Installation

Microsoft Windows

The user installing the software on a computer must have administrator rights on that PC. Please, close all
the Fidesys Bundle windows before installation if there’s another version of CAE Fidesys installed.

1. Download the CAE Fidesys installer from the site http://www.cae-fidesys.com/ru/download/login
and run it for the architecture you are interested in (Windows x64 or Windows x32), or run the
installation from the DVD-ROM.

If any other version of Fidesys Bundle is already installed on a computer, it will be suggested to remove it or to cancel
the installation while starting the installation program.

2. Click Next in a pop-up window.

Welcome to the FidesysBundle 1.6
x64 Setup Wizard

This wizard will guide you through the installation of
FidesysBundle 1.6 x64.

Itis recommended that you dose all other applications
before starting Setup. This will make it possible to update
relevant system files without having to reboot your
camputer.

Click Next to continue.,

3. Please, read the license agreement. If you do not agree with any of its paragraphs, interrupt the
installer by clicking Cancel. If you totally agree with its terms, click Agree to proceed the
installation.

r) License Agreement

‘ Flease review the license terms before instaling FidesysEundle
1.6 64,

Press Page Down to see the rest of the agreement.

EMC-USER LICENSE AGREEMENT (ELILA)

IMPORTANT! Read below said before installing, copying, use the software "CAE
Fidesys", further defined as "Software product.™ Any use of the Software product by
‘Yours, incuding the installation and copying it, means Your agree to the terms of the
present License agreement.

The present License agreement to the End user (hereinafter - "License Agreement”) is a
legal agreement between FIDESYS company (collectively the "FIDESYS company”) and
fou, H_1e Iicense_e [ph_ys_ial and Ic_:r legal entity). The S_:_:Ftware_product in_duc!es all medi_a, ]

If you accept the terms of the agreement, dick I Agree to continue. You must accept the
agreement to install FidesysBundle 1.6 x64.,

Mullsaft Install Swstemn w2, 46

| <Bak || IAgee | | Cancel

4. Select a folder for installation and click Next.
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5.

6.

Linux

r) Choose Install Location

Choose the folder in which to install FidesysBundle 1.6 x54.

v

Setup will install FidesysBundle 1.6 x64in the following felder. To install in a different folder,
dick Browse and select another folder. Click Next to continue.

Destination Folder

Space required: 1.3GB
Space available; 4. 1GB

fullsoft Install Syskem w2, 46

In the Start menu enter the name of the folder where a shortcut for running the program will be
created. If you do not want to create a folder in the Start menu, choose Do not create shortcuts. Click
Install.

r) Cheose Start Menu Folder

Choose & Start Menu folder for the FidesysBundle 1.6 x64
shortcuts,

Select the Start Menu folder in which you would like to create the program's shortcuts. You
can also enter a name to create a new folder,

[]Do not create shortouts
rullsaft Install System w2, 46

| <Back | Instal | | cancel |

The process of installation may take some time. Click Ready after installing.

Only 64-bit Linux distribution kits are currently supported.

1.

Please, download the CAE Fidesys file for Linux x64 from http//www.cae-
fidesys.com/ru/download/login.

Right-click on the downloaded file and select Properties item from the contextual menu.
In the opened window, go to the tab Permissions and tick Allow executing file as program. Click
Close.



http://www.cae-fidesys.com/ru/download/login
http://www.cae-fidesys.com/ru/download/login
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v FidesysBundle-1.5.16.290-R2-lin64-ru-sfx.run x

' Basic | Emblems || Permissions || Open With || Notes |

Owner: nm - NM

Access: Iﬂead and write "
Group: I nm !

Access: I MNone - ‘
Others

Access: I MNone - ‘
Execute: [%?Allcm executing file as program
SELinux context: unknown

Last changed: Fri. 28 Nov. 2014 13:46:12

Help Close

4. Run the installer by double-clicking on the installer file. When the dialog box appears, click Run in
Terminal button:

- x
Do you want to run "FidesysBundle-1.5.16.290-R2-

lin64-ru-sfx.run", or display its contents?

"FidesysBundle-1.5.16.290-R2-lin&4-
ru-sfx.run” is an executable text file.

| Run in Terminal&l Display H Cancel H Run

Activation and trial period

When you first run the preprocessor, the Fidesys Licensing window appears with a proposal to purchase a
license or to activate a trial period.

Trial period

30-day trial period activates automatically on package installation. The trial period starts at the moment
when application installation is completed. The trial period is intended for familiarization with the product
and is not for any commercial calculations (related directly or indirectly to getting a profit out of them). The
trial period can not be activated on a virtual machine, and a trial version is not dedicated to work with via
remote desktop.

To activate a trial period, click the button Trial period in the start window.
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As long as the program is running in trial mode, the Fidesys Licensing window will appear each time you
launch it. Please, press the button Try to continue working in a trial mode.

Activation
To activate the product:

1. Press the button Activate in the Fidesys Licensing window.

2. Select | do not have a V2C file and click Generate C2V. Save File dialog window will be opened. Save
the C2V file and send it to the organization where the product was purchased.

3. Inresponse, you will get a file containing an activation key with V2C extension. Having received the
V2C file, select | have V2C file and click Apply V2C. You will see an Open File dialog window. Specify
a path to the received V2C file.

e

() | have net V2C File

FIDESYS

Generate C2V

(®) | have V2C File

Apply V2C

Copyright 2014 Fidesys LLC.All rights reserved. www.cae-fidesys.com

4. Your product is activated.

Information on the purchased license
On selecting Help — About in the Main Menu, you will see a window with the following information:

e The full software version number;
e License type and its expiration date;
e The list of features available in the purchased license.

Removing the software
The user removing the software must have administrator rights.

Please, finish all the running copies of the application before removing the software: both preprocessor
(Fidesys) and postprocessor (Fidesys Viewer).
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To remove the software, open Windows Control Panel and select Programs and Features (Add or Remove
Programs in the earlier versions of Windows). Select Fidesys Bundle #.### xNN in the Llist of installed
programs, where ##.## are the four numbers standing for the number of the version and xNN is the
architecture (x64 or x32). Right-click it and choose Delete/Change. Confirm your choice by clicking Delete in
the opened window.

Removing the software does not involve removing its activation data.
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Overview

Package structure
Fidesys Bundle comprises two main components:
e Fidesys — preprocessing and analysis (computational kernels).

o Fidesys Viewer — postprocessing and visualization of results.

Running the software
You can run the program in either of the following ways:

e Using the Start menu (if you chose creating shortcuts in it when installing): choose Fidesys in the
folder where you installed the program (FidesysBundle by default).

e Using any file manager for Windows from the list where the program was installed
(C:\Program Files\Fidesys\FidesysBundle by default): run the file fidesys.exe (it is in the folder
preprocessor\bin).

Several copies of the program can be run on the same PC at a time.

If the license fee for the program is activated, after running the program you see its Main window. If the
trial period is activated, a Fidesys Licensing window appears in which you should either click the button
Activate in order to purchase a license or click Try to continue working in trial mode and go to the Main
window.

Main Window

Fidesys Bundle has an intuitive graphic interface providing communication between the user and the
software, and it allows the user to perform the full cycle of calculations step-by-step.

¢ FidesysBundie 16 Professional -oEN
Ede Edt Yiew Displey Jooks Calculation Help
DB NEEN Pr 9990 0 2QQ¢lE099 2 kG » @29+ +hnsk LOds i @aAl=" HEO maam
Power Tocks. 8 x Command Parel L
Wode - Geomery
399 =L =
ey -whie
PO BT
&

6 Cammand Une &x
set rode coratrant on

+
Jounaied Command: urdo an

FideoyaComp” has been osded.
Fdesys>
oreprodnar ax
uuuuuuuu iome Current Value
1

Deete |\ Commend /\Eror /\ sy /
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Main Menu (2) includes standard operations for working with files and projects, managing the visualization
modes, panel display settings, help, and other functionality available in the drop-down lists of the menu.

Power Tools (3) comprise the Model Tree, as well as the tools for geometry and mesh analysis.

Command Panel (4) contains most of commands for working with the program. Panel display buttons are
logically located, and it allows the user to perform the full cycle of calculations step-by-step.

Toolbar (5) comprises the buttons for calling the most frequently used commands while working with the
program.

Properties Page (6) displays the properties of the selected object in the Workbench or in the Model Tree.

Console (7) is used for the input of commands of Fidesys Bundle and for the output of the messages for the
user.




r{c') CAE Fidesys — User Guide (version 1.6)

Software history

Version 1.6 R2
Released: April, 2015

Updates and improvements in the preprocessor

e The possibility to automatically process the calculation results of composites effective properties.
e The stability of the operations is increased.

Updates and improvements in the processor

e Elastoplastic deformation by the Drucker-Prager model
e Calculation of the effective properties of composite materials
e HPC and Dynamics modules are available in Standard and Professional

Updates and improvements in the postprocessor (3D-vizualization module)

e Programming interface operation based on Python Shell is improved.

Version 1.6
Released: February, 2015

e The support for importing geometry in the following CAD-formats is added:
- SolidWorks;
- Parasolid;
- Pro/Engineer.
e The support of APREPRO (An Algebraic Preprocessor for Parameterizing Finite Element Analyses) is
added
e New profiles of beam cross section are added:
- Channel (C-shape);
Corner (L-shape);
Taurus (T-shape);
Z-shape;
Hollow rectangle.
e The possibility to set the boundary conditions using tabular and formular dependency on the
coordinates and temperature for static analysis is added.
e The new generator of adaptive tetrahedral meshes is added.
e Inaccordance with the users wishes, the panel of nonlinear solver settings is changed.
e Contact problems in 3D and 2D
o Contact surface binding in 3D and the contact curves binding in 2D
e Modal analysis for prestressed bodies
e The automatic adaptive calculation of the loading steps size is added.
e The output of intermediate results and calculation log (textual information on the status of the
calculation by stages) are added for nonlinear problems.
e Thermoelastic problems for 2" order shell elements: TRISHELL6, SHELL8, SHELLO.
e The support for multiprocessor calculations based on MPI technology for the following calculations
is added:
- Spectral element method,;
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- Plasticity for small and finite deformations;
- Dynamic analysis for the explicit and implicit time schemes.
The incorporation of plastic deformation using finite element method and spectral element method
is modified taking into account:
- Finite deformations;
- Thermoelasticity.
Dynamic analysis perfomance is improved
Performance of spectral element method on hybrid meshes in buckling problems is improved
The solution tolerance of static problem with shear loading using 4-node plane and 8-node
volumetric elements is increased.
Fidesys Viewer 1.6: focusing of model elements in the current position of the mouse pointer is
added.
Fidesys Viewer 1.6: strength analysis filter operation is improved.
Fidesys Viewer 1.6: operation of the “Agreed resultants” filter for shell structures is improved.
The compatibility with Windows 8 and Windows 8.1 is improved.
The Progress Bar operation is improved.
The Fidesys Bundle licensing system is added.

Version 1.5 R2
Released: July, 2014

The ability to set the analytic spatial coordinates dependence of the boundary conditions is added.
The possibility of producing graphs of the spatial coordinates and time dependency of the boundary
conditions is added.

The generation of console commands for setting up and running the calculation of the graphical
interface widgets is added.

Import/export of materials from the graphical interface are added.

The package includes a new version of Fidesys Viewer with a number of improvements.

Version 1.5

Released: June, 2014

Static analysis for elastoplastic material models

Orthotropic materials

Physically nonlinear hyperelastic materials: Mooney-Rivlin and Murnaghan.

Calculations by spectral element method for hybrid meshes.

The possibility of parallel calculations on one or more computers using the MPI technology (linear
statics, modal analysis, buckling) is added.

The calculation of the margin of safety in accordance with various strength theories.

8-node shell elements SHELLS.

Console commands to set analysis parameters and to run the calculation.

The ability to set the time dependence individually for each boundary condition in dynamic
problems.

Windows XP compatibility issues are fixed.

Version 1.4

Released: December, 2013
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e Buckling problems

e Thermal conductivity and thermoelastic problems.

e Curvilinear finite elements.

e Geometrically nonlinear problems

e The spectral element method for linear and nonlinear two-and three-dimensional static problems
and modal analysis

e Support for hybrid meshes

e Bug fixing

Version 1.3
Released: July, 2013

e Beam elements

e Shell elements

e Geometry creation of high-speed processes by the spectral element method is added.
e Static and dynamic nonlinear problems

e High-order finite elements

e Bugfixing

Version 1.2
Released: February, 2013

o Computational performance is improved.

e Plane-stress and plane-strain problems

e The translation into cylindrical and spherical systems is added in the postprocessor.

e The calculation of tensors invariants is added in the postprocessor.

e The visualization of the calculation results as contour lines is added in the postprocessor.

Version 1.1

Released: November, 2012

e Parameter setting and calculation launch from the Main Menu of the preprocessor are added.
e Dynamic transient problems

e Modal analysis

e Hexahedral meshes support

e The operation with projects and the calculation control system are added.

e The postprocessor’s localization support

e The postprocessor performance is improved.
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Using the Program

Performing calculations with the use of Fidesys Bundle implies the following steps:
e Setting the geometry
e Meshing
e Setting boundary conditions
e Setting the material
e Starting calculation
e Visualizing and analyzing results

All of the steps except for the last one are made in preprocessor; the last step is made in postprocessor.

Geometry

Fidesys Bundle allows one to generate volume geometry on your own due to the built-in functionality, as
well as to import 3D models created in different CAD-systems.

Geometry import

For geometry import choose File — Import in the Main menu. Fidesys Bundle supports the import of the
following formats:

e ACIS (*.sat, *.sab);

e IGES (“.igs, “.iges);

e STEP (*.stp, ".step);

e AVS (“.avs);

e Genesis/Exodus (*.g, *.gen, *.e, *.exo);
e Facets (*.fac);

o STL Files (*.stl);

e Patran (*.pat, *.neu, *.out);

e Ideas (*.unv);

e Abaqus (*.inp);

e Fluent (*.msh);

e Nastran (*.bdf);

e Cubit (*.cub);

e (Catia (*.CATPart, *.CATProduct, *.ncgm).

Geometry generation

For geometry generation Fidesys Bundle provides the user with large numbers of volume geometric
elements (parallelepiped, cylinder, prism, cone, pyramid, sphere, torus). It also allows uniting the surfaces in
closed volume bodies. For complex geometry generation you can use Boolean operations (Intersect,
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Subtract, Unite volumes) and different transformations of the object (Rotate, Move, Scale, Reflect). All of the
described functionality is available on Command Panel in Geometry section.

|'GII'I'I'I'I€I1dPﬂ'IE| & Xl

Mode - Geometry

Q29D =

Entity - Volume

PO BF

| A s R B
o Createvnlumesi

IR | —
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Meshing
Fidesys Bundle supports the following types of the finite elements for meshes:

e 3D: 4-noded tetrahedron (TETRA/TETRA4), 10-noded tetrahedron (TETRA10), 8-noded hexahedron
(HEX/HEXS8), 20-noded hexahedron (HEX20), 27-noded hexahedron (HEX27), 5-noded pyramid
(PYRAMID/PYRAMIDS), 13-noded pyramid (PYRAMID13), 6-noded wedge (WEDGE/WEDGES®6), 15-
noded wedge (WEDGE15);

e 2D: 3-noded triangle (TRI/TRI3), 6-noded triangle (TRI6), 4-noded quadrilateral (QUAD/QUAD4), 8-
noded quadrilateral (QUADS), 9-noded quadrilateral (QUAD9);

e Shells: 3-noded triangle (TRISHELL/TRISHELL3), 4-noded quadrilateral (SHELL/SHELL4), 6-noded
triangle (TRISHELL®6), 8-noded quadrilateral (SHELLS), 9-noded quadrilateral (SHELL9);

e Beams: 2-noded beam (BEAM/BEAM?2)

Fidesys Bundle supports the following types of the spectral elements for meshes (see the section Spectral
element method).

e 3D: 4-noded tetrahedron (TETRA/TETRA4), 10-noded tetrahedron (TETRA10), 8-noded hexahedron
(HEX/HEXS8), 20-noded hexahedron (HEX20), 27-noded hexahedron (HEX27), 5-noded pyramid
(PYRAMID/PYRAMIDS), 13-noded pyramid (PYRAMID13), 6- noded wedge (WEDGE/WEDGE®6),15-
noded wedge(WEDGE15);

e 2D: 3-noded triangle (TRI/TRI3), 6-noded triangle (TRI6), 4-noded quadrilateral (QUAD/QUAD4), 8-
noded quadrilateral (QUADS), 9-noded quadrilateral (QUAD9);

Volume mesh generation

Select volume mesh generation section on Command Panel (Mode — Mesh, Entity — Volume).

Command Panel g X
Mode - Geometry

Q9P = =

Entity - Volume

NSRRIt S
&

Action - Create

m A S = KB

0 Create volumes i
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1. Specify the degree of mesh refinement (Action — Intervals) for each volume:

e Select the volumes (specify their ID). You can enumerate several volumes using space after each of
them. All of the volumes can be set by the command all.

e Select the way of mesh generation (Auto, Approximate size, Geometry-adaptive, Interval or Sizing
function).

e Click Apply Scheme.
2. Specify the type of the elements for each volume:

e Select the entities for mesh generation (specify their ID). You can enumerate several volumes using
space after each of them. All of the volumes can be set by the command all;

e Select meshing scheme (tetrahedral (Tetmesh) or hexahedral elements (Automatically calculate);

e For tetrahedral mesh generation select the level of optimization (Extreme, Strong, Heavy, Standard,
Medium, Light, or None) and set the checkboxes in front of the corresponding points, if you need to
minimize the over-constrained and/or sliver tets.

o C(Click Apply Scheme;
o (lick Mesh.

For complex geometry it is recommended to set the scheme of surface mesh generation first (triangular or
quadrangular elements).

Surface mesh generation
To generate a surface mesh, follow these steps.

1. Select surface mesh generation section on Command Panel (Mode — Mesh, Entity — Surface).

Command Panel B X
Mode - Mesh
2P L =
Entity - Surface

e &=

Sla|al—~ |+ %

2. Specify the degree of mesh refinement (Action — Intervals) for each surface:

e Select surfaces (specify their ID). You can enumerate several surfaces using space after each of them.
All of the surfaces can be set by the command all;

e Select the way of mesh generation (Auto, Approximate size, Geometry-adaptive, Interval or Sizing
function);

o (lick Apply Scheme.
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3. Specify the type of the elements for each surface:

e Select the entities for mesh generation (specify their ID). You can enumerate several surfaces using
space after each of them. All of the surfaces can be set by the command all;

e Select meshing scheme (triangular elements (Trimesh or TriDelaunay) or quadrangular elements
(Automatically calculate);

o (lick Apply Scheme.

To generate an irregular mesh (e.g. make it finer in the vicinity of stress concentrators), you can add nodes
on the boundaries near geometry features, as well as split curves, surfaces and volumes in the vicinity of the
features.

Using the functionality available on Command Panel you can:

e Check the mesh quality (including checking the mesh quality of individual elements: volumes,
surfaces, curves);

e Modify the generated mesh (Refine, Smooth, Cleanup);

¢ Renumber the elements and delete the generated mesh.

Setting material and element type
Element types

Fidesys Bundle makes analysis using the model made of linear isotropic material subject to Hook’s law.
Fidesys Bundle supports the following types of the finite and spectral elements for meshes:

e 1° order 3D: 4-noded tetrahedron (TETRA/TETRA4), 8-noded hexahedron (HEX/HEXS8), 5-noded
pyramid PYRAMID5, 6-noded wedge WEDGES®;

e 2" order 3D: 10-noded tetrahedron (TETRA10), 20-noded hexahedron (HEX20), 27-noded
hexahedron (HEX27), 13-noded pyramid PYRAMID13, 15-noded wedge WEDGE15;

e 1% order 2D: 3-noded triangle (TRI/TRI13), 4-noded quadrilateral (QUAD/QUAD4);

e 2" order 2D: 8-noded quadrilateral (QUADS), 9-noded quadrilateral (QUADY), 6-noded triangle
(TRI6).

Fidesys Bundle supports the following types of the only finite elements for meshes:

e 1% order shell elements: 3-noded triangle (TRISHELL/TRISHELL3), 4-noded quadrilateral
(SHELL/SHELL4);

e 2" order shell elements: 6-noded triangle (TRISHELL®6), 8-noded quadrilateral (SHELLS8), 9-noded
quadrilateral (SHELLY);

e Beam elements: 2-noded beam (BEAM/BEAM2).

Fidesys Bundle supports the following permissible combinations of elements in one model:
e HEX/HEX8, TETRA/TETRA4, PYRAMID/PYRAMID5, WEDGE/WEDGES6, SHELL/SHELLA4,
TRISHELL/TRISHELL3, BEAM/BEAMZ;
e HEX20, TETRA10, PYRAMID13, WEDGEL15, SHELLS8, TRISHELLSG;
e HEX27, SHELLSY;
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e QUAD/QUADA4, TRI/ITRI3;
o QUADBS/QUADY9, TRIG6.

By default the surface element type is a shell element (SHELL 4 or TRISHELL3). Thus, in case of 2D problem,
it is necessary to change element type to QUAD4 or TRI3.

In case of 3D problems the element type is HEX8 or TETRA4 by default.

By default the beam element type is BAR2 that is not supported in the current version of Fidesys Bundle.
Thus, in this case it is necessary to change element type to BEAM/BEAM2.

Note: you can find out the type of element and statistics on the specific model. For this purpose, please
right-click on the model and select Mesh info from the drop-down list. The required information will be
displayed in the Console.

Material groups
Fidesys Bundle supports the following materials:

e Hook’s material;
Orthotropic material;
Mooney-Rivlin material;
Murnaghan material.

For Mooney-Rivlin and Murnaghan materials, the following defining relations are used.

Mooney-Rivlin potential:
W =G, (T, -3) + C,(T, -3) - D(J ~1)?,
where D, C, C; are Mooney-Rivlin material constants.
Relation of D, C4, C; and Poisson's ratio v:
p=-5C
1-2v

Murnaghan potential:

2 02

0 0 0 0 0 0 0
Son =A(&1)1 +2G £+3C,(&1)°1 +C, (g 1)1 +2C,(&-1)e+3C, ¢

where A, G, Gs, C4, Cs are Murnaghan material constants.

To set the new material, select the setting material properties section on Command Panel (Mode - Blocks
and materials, Entity - Material, Action - Create material).
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|Corrrnand Panel & X|
Mode - Blodks and Materials

399 - L=

Entity - Material

&P =5 L

Action - Create Material

a2 & &

Select a group of material properties from the drop-down list; specify the name of the material and the
corresponding constants:

Property Group:

Prope Mooney-Riviin Material
Murnaghan Material

Young's Modulu Orthotropic Material

Shear Modulus
Poisson's Ratio

Density

Specific Heat

Conductivity

Coeff. of Thermal Expansicn
Yield Strength in tension
Ultimate Strength in tension
Ultimate Strain in tension

Yield Strength in compression

Ultimate Strength in compre... =

Note: In order to link the material and the model, Block is used.
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Blocks operations

A block must contain an element type, ID and the name of the geometric model of the material.

The sequence of operations with blocks can be schematically represented as follows:

e To create block specifying geometric object ID;
e To assign the material to the block;
e To assign the element type to the block.

Let us consider these steps in detail.

1. To create a new block, please, go to Mode - Blocks and materials, Entity - Block, Action -
Create.

Command Panel q X
Mode - Blocks and Materials

l}.@ﬁ%tx
P2 H I
1| R | By

Action - Manage
On the Panel below, select Action — Add, choose the entity type to be united into the block.

| Add - |
Block ID | |

Select

D Group {:} Tet

() volume () Face

(@ Surface () i

() Curve () Edge

() vertex () Mode

C:I Hex

D) |

[ ] Allow Blocks to Contain Duplicate Elements

[ ] Reset All Blocks Reset

2 @
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You can find out the ID of the geometrical entities united into the block as follows:

e inthe Model Tree on the left;

Power Tools g X
ENE YR B RES

Current View |Full Tree

Mame

4 TP Volumes
1|':' surfaces
[» % Surface 1
[» %= Surface 2
[» % Surface 3
[ %+ Surfaced

I e Corfaras G

e Dby clicking on geometrical objects you are interested in - their ID will automatically appear in the
appropriate field.

The block ID field is filled automatically.
Click Apply.

Note: Created block must be displayed in the Model Tree on the left in the section Blocks.

Power Tools & X
E YR NS

Current View |Fu|| Tree - |

Mame ] Propert

I @ Volumes
[ S 3b Groups

L
J],:,{, Mode Sets
= Boundary Layers

To look through the list of the geometric entities united into the block, enter in Command Line
List block 1

In the Console, you will see the list of entities united into the block.
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2. To assign the material to the block, select Assign Material to Block in the drop-down list.

|Eon1'nand Panel = X|
Mode - Blocks and Materials

3991 =

EOEET

Action - Manage

3R B

Assign Material to Block -
Shell Thickness ~

Attribute
Attribute By Index

Assign Material to Blodk

Assign Media to Block

Remesh

Skin

Coincidence Checdk

Model Edge Chedk

Topology Chedk il

To enter the block ID, you can do it manually or click on the corresponding geometric entity.
Available material is selected from the drop-down List.

Assign Material to Block a
Block ID(s) |1 |
Available Materials

Mat b

Click Apply.
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3. To set the element type, select Element Type in the drop-down List.

|Eon1'r|.and Panel B X |
Made - Blocks and Materials

399w

E@EHT

13| R | By

Element Type -
Add -
List

Color

Create Beams

Element Type

Shell Thickness
Attribute

Attribute By Index

Assign Material to Block
A=cinn Madia tn Black W

To enter the block ID, you can do it manually or click on the corresponding geometric entity.
Available material is selected from the drop-down List.
Click Apply.
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|EIemer1tType v|

Block ID(s) | 1 |
Select
() Modes () Curves
(@) Surfaces () Volumes
Surfaces
() ouad () Shel (T () Trishell
@ Quad4 () shelda () i3 () Trishell3
() Quads () shelz () Trie () Trishells
() Quads () shela () 7 () Trishell7
(T guadg () Hexshel

[ ] reset All Blocks Reset

=3k
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Changing element type chosen for the block
You can change the element type previously assigned to the block on the Properties page on the left.

For this purpose, select the required block in the Model Tree and specify the new element type below in the
drop-down list on the property page.

|PuwerTools EX|
EEE NE BE Nk

Current View |Fu||TrEE - |

Mame ] Propert
i T Volumes
I» b Groups
=] Boundary Conditions
[ Q Matenals
4 T Blocks
@ Block 1

B Side Sets

‘E{' Mode Sets

kL Boundary Layers

< >

Block

Properties Page B X
| |
Perform Action

L@ (o

Property Value
4 General
Id 1
Idless Signature calc
Mame Block
Description
| Element Type QuAD4 -
Color TRISHELL ~
Element Count TRISHELLZ
Attributes TRISHELLG
TRISHELLY
SHELL
SHELL4
SHELLS
SHELLS
QuAD
W
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|
Changing material properties

You can change the material properties previously assigned to the block on the Properties page on the left.

For this purpose, select the required material in the Model Tree and change the constants of the material

properties page below. After the change, message on the material editing must appear on the command
line. For example,

modify material 1 density 7800
Properties Page g X
Perform Action

Power Tools B X i =i
e s o Ehe @ (X

A
Current View |Fu|| Tree - | Property Value
- 4 (3eneral
Mame 0] Prog ™ ld 1
I T Volumes Idless Signature calc
I 3 Groups Mame hat
Dﬁ Boundary Conditions Property Group Hook Material
a4 Materials 4 Scalar Properties
4 (3} FEA Materials Young's Modulus 2e+11
[ Mat 1 Shear Modulus 0
43 CFD Medias Poisson's Ratio 0.3
@ Blocks Dens.lt.y 000
ﬁ Side Set Specific Heat 500
83 e o Conductivity 0.045
£ ModeSets v Coeff, of Thermal E.. 1.2e-03
< 2 Yield Strength inte.. 1.6e+08 v

Mat < 3
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The material properties can be also changed by using Mode -
Blocks and materials, Entity - Material, Action - Change

Material).

Import/Export Material

To import or to export the material, click on the section Import/Export Materials on the Command Panel

Action - Edit Material

o P& &

Material;:

|:| Renal

D SetID: <requested id=

Description:

Property Group: |Hook Material

Property Yalue
Young's Medulus 2e+11
Shear Modulus 0
Poisson's Ratio 0.3
Density 2000
Specific Heat 500
Conductivity 0.045
Coeff, of Thermal Expansion  1.2e-05
Yield Strength in tension 1.6e+08
Ultimate Strength in tension  4.5e+08
Ultimate Strain in tension 0.4
Yield Strength in compression  -1.6e+08
Lltimate Strenath in comare..  -4.5e+08

(Mode - Blocks and materials, Entity — Material, Action - Import/Export Materials).

Command Panel
Maode - Blocks and Materials

5 X

3299

=

5 ®

Entity - Material

& '@ 2 55

Action - Import/Export Materials

=R IL

Filename: |

e

() Import
(®) Export
[] overwrite

2

Moreover, Fidesys Bundle supports the import of the material in XML format.
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Command Panel H X
Mode - Blocks and Materials

299 =T =

Setting shell properties

Fidesys Bundle supports shell elements Entity - Block
SHELL/SHELL4/SHELL8/SHELLY9/TRISHELL/TRISHELL3/
TRISHELLSG. C@ @ E % I
To specify shell properties - thickness and loft factor - go to Action - Manage
Mode - Blocks and materials, Entity - Block, Action - )
Management. Further in the drop-down list, select Shell D R @
thickness.
. Shell Thickness -
On the appeared panel, specify: Add .
e Block(s) ID =
e Shell thickness Create Beams
*  Loft Factor R —
Note: Loft Factor by default must be equal to 0.5. ig:gﬂi By Index
Assign Material to Block
Assign Media to Block il

’ 3D shell cross section view is possible in the Fidesys Viewer postprocessor by clicking 3D-view button
in the default string.

Setting beam properties

Fidesys Bundle supports beam elements BEAM/BEAM2.

To specify beam cross section using geometric features and moments of inertia, go to Mode - Blocks and
materials, Entity - Beam parameters.

On the appeared Panel, specify:

e Block ID;
e Coordinate System Rotation Angle;
e cross section profile and the appropriate dimensions to it.

Click Apply.
Fidesys Bundle supports beam cross section of the following
types: Block ID 1 |
« Rectangle: CS Rotation Angle | 0.0 |
o Ellipse; (@) select profile
e [|-Beam; Chan-Beam -
e Chan-Beam; Rectangle
e T-Beam; Ellipse
. I-Beam
* Z-Beam;
L-Eeam
T-Beam
Z-Beam
Hollow Rectangle
Circle With Offset Hole
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e Hollow Rectangle;
e Circle With Offset Hole.

3 3D beam cross section view is possible in the Fidesys Viewer postprocessor by clicking 3D-view
button in the default string after the calculation is complete.

. . . . Set Parameters
To set the beam properties using inertia moments, change the ©

checkbox Cross Section Profile to Set parameters. Then the
fields for the inertia moments will be available for editing.

Inertia moment Iy 1.94377e-06
Inertia moment Iz 3.65527e-07
Inertia moment Ix 2.3093e-06

Inertia moment Iyz -1,908e-12

Inertia moment an torsion It | 1,65046e-03
Area 0.0011772
Max x coordinate
Max y coordinate
¥ Eccentricity

Z Eccentricity

2

=
=
=

Setting boundary conditions

Types of boundary conditions
Fidesys Bundle supports boundary conditions of the following types:

e Point Force,

e Stress,

e Displacement, Command Panel H X
e Heat Flux, Mode - Boundary Conditions

e Convection, ‘ . @ = % t;
e Temperature, Entity

e Acceleration, o

. seed. & | =] [ &2
e Contact Regions, E’. .g. [E— ~ F u

e Contact Pairs.

To set boundary conditions, follow these steps:




r{c') CAE Fidesys — User Guide (version 1.6)

1. Select Mode— Boundary conditions on Command Panel.
2. Select Boundary Condition Type in Entity block.
3. Select Action — Create. Set the following parameters:

e |ID/Name (assign a new ID, enter a name using letters and/or numbers, or use the system assigned
ID);

e Entity where the boundary condition is applied (Volume, Surface, Curve, Edge, Vertex, Node,
Nodeset, Element, Side, Sideset);

e Entity ID(s) (point mouse cursor at the field Entity ID(s) and select the necessary entities with a
mouse, their numbers will be entered into the field automatically. If you need to specify several
entities, mark them holding down the Ctrl key);

e Other parameters (Value, DOFs, etc.).
4. Click Apply.

Using the functionality available on Command Panel you can also see the list of Boundary Conditions,
modify or delete the boundary condition you previously set.

Time/coordinate dependency

The time/coordinate dependency can be specified separately for each type of boundary conditions using
tabular and formulaic dependencies.

The boundary conditions must be set in advance (Mode - Boundary Conditions)..

To set the formulaic dependency on Command Panel, select the section of the boundary conditions (Mode -
Boundary Conditions, Entity — Time dependency) and in the appeared form:

e Select BC Type;
e Select an individual component or an entire vector for time dependency application;

e Select Dependency Type (formula can be entered manually, you can use the standard formulae for
the time dependency);

e Set Dependency Parameters.
Click Apply.

To view a tabular data or graphs plotted by a given formula, go to the corresponding tabs in the window
BC Dependency. In addition, there is a possibility to export tabular data or to import new tables.
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BC Mame I
=4 Displacement 1
=4 Displacement 2
=4 Displacement 3
E Pressure 1

Formula | Table I Plot |

Custom -

|196*sin(x)

e ||+ | -

e JL =

sin || cos || tan

| s || )

L oan || aws || atan

snh || cosh || tanh

|
|
| g || logw |
| el || foor |

Here are standard formulae for the time dependency:

BC Mame o
=4 Displacement 1
=4 Displacement 2
=4 Displacement 3
1 Pressure 1

=

L J[ =

s

e || O)

e

| _ka || legwo

s

el [ feor
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Viewing of the tabular data corresponding to the formula -100*sin(x):

BC Mame 1D

=5 Displacement 1 e
=4 Displacement 2
=5 Displacement 3
E Pressure 1 @ .

Oy

O Temperature

Oz

Viewing of the graph corresponding to the formula -100%sin(x)

BC Name D Formula Table Plot

=5 Displacement 1

=5 Displacement 2 “
=5 Displacement 3
E Pressure 1
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Setting contact interaction

Contact problems are highly nonlinear and require significant computer resources to be solved. Thus, to
select the model resulting in the most effective solution, it is very important to understand the physical
content of the problem. Two factors determine nonlinear nature of contact problems. Firstly, it is the
contact area and consequently, the boundary conditions are unknown until the solutions. Secondly, it is
necessary to take into account the friction in many contact problems. Effects related to the friction can
result in poorly converging problems.

Contact region

To specify contact areas, choose the setting Contact area section (Mode — Boundary Conditions, Entity —
Contact region).

Command Panel g X
Mode - Boundary Conditions

399 s =

Entity - Contact Region
L 0P =] | &
a | V| =m

= || =

R

Action - Create
o BE ¥ X

ID/Mame

() Mew ID

l::l Mame

(@) System Assigned ID

Contact Region Entity List

(@) Surface () i

) Curve () FacefQuad
() Edge

Entity ID(s) | |

The node-to-surface and node-to-curve contact interactions are realized in Fidesys Bundle 1.6.

Note: if the contact conditions are not specified, parts in an assembly do not interact. The interaction of
parts in the assembly at set contact areas is an obstacle to mutual penetration of parts and to the load
transmission.

The areas for which it is planned to set the boundary conditions for the contact, should be allocated to
individual surfaces for volume bodies or lines in the 2D case. Contact regions should be sufficient to make
the bodies interaction process not come out their limits but it is recommended to minimize these regions to
save computer resources.
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Contact pair

To set contact interaction, it is necessary to specify Contact pair (Mode — Boundary conditions, Entity —
Contact Pair).

Please indicate the existing contact regions which will serve as the Master region and which will serve as
the Slave region.

It should be noted that the Master region is modeled by surfaces and the Slave region - by nodes.

Command Panel H X
Mode - Boundary Conditions

PP s =

Entity - Contact Pair

4
Jl

[
I G
=
B

m
=
v
= || ==
Create
2l

R

ID/Mame

) Mew ID

C:I Mame
(@) System Assigned ID

Master Region ID or ‘Mame' | |

Slave Region ID or ‘Mame' | |

The contact regions and their numbers are displayed in the Model Tree on the left. For visualization, click
on the name of the desired contact region in the Model Tree and it will be highlighted on the model.
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Power Tools
N N -NE

Current View |Ful Tree

[ 4

MName
4 [P Volumes
4 [@ Volume 1
» %% Surface 23
» %% Surface 24
» %% Surface 25
» %% Surface 26
4 T Volume 5

>
S
>
>
S
>

Surface 27
Surface 28
Surface 29
Surface 30
Surface 31
Surface 32

> b Groups
A% Boundary Conditions
> &8 CFD
4 =5 FEA
> é_ Forces
> é.z, Accelerations
.g, Velocities
E Pressures
E Temperatures
=4 Displacements
§=- Constraints
@ Convections
lt) Heat Fluxes
4 == (gntact Regions
» == Contact Region
» == (Contact Region
4 _ Contact Pairs
~ Contact Pair
> Q Materials
@ Blocks

Power Tools
ENE WK BE

Current View |Full Tree

23
24
25
26

27
28
29
30
31
32

2

1

Name

4P Volumes
4 P Volume 1
I %> Surface 23
> % Surface 24
% Surface 25
» 9 Surface 26
4 P Volume 5
> % Surface 27
> % Surface 28
» 9 Surface 29
> %> Surface 30
» % Surface 31
% Surface 32
> Groups
<58 Boundary Conditions
> &3 CFD
45§ FEA
:'_. Forces
p g. Accelerations
,L/. Velocities
Q Pressures
A Temperatures
=4 Displacements
§= Constraints
@ Convections
43 Heat Fluxes
4 == (Contact Regions
» == Contact Region
b == Contact Region
4 _ Contact Pairs
- Contact Pair
> @@ Materials
g Blocks

Individual number (ID) and a set of properties are ascribed to each contact pair. The number of contact pairs
is unlimited. To visualize a created contact pair, click on the name of the required contact pair in the same

23
24
25
26

27
28
29
30
3
32

1
2

1

Contact Region 1

-
N
I

Contact Region 2

Model Tree on the left. The selected pair will be highlighted in yellow on the model.
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30werT90ls & X
e [@]9 [¥]

Current View |Full Tree v

Name [ Propert

4 P Volumes
b @ Volume 1 1
> @ Volumed 4
> @ Volumes 5
> Groups
J% Boundary Conditions
> &3 CFD
45§ FEA
4. Forces
.5. Accelerations
Y Velocities
g Pressures
| Temperatures
=¥ Displacements
3’ Constraints
29 Convections
lb Heat Fluxes
4 == (ontact Regions
> == Contact Region 1
b == Contact Region 2
== Contact Region 3
4 _ Contact Pairs
- Contact Pair 1
~ Contact Pair 2
4@ Materials Contact Pair 2
4@ FEA Materials
4@ CFD Medias
@ Blocks
> BE Side Sets
a Node Sets \

i Boundary Layers “—\
’

When you create a contact pair, please keep in mind that the choice of the Master and Slave regions may
cause different modeling results and affect the solution tolerance.

In Fidesys Bundle 1.6, the following contact pair settings are available:

Friction Value 0.0
Allowable Penetration 0.0
Mormal Stiffness 1.0
Tangent Stiffness 0.5

Contact detection tolerance | 0,1

[ ] Tied

To model the inseparable connection, please establish a tick Tied, then the Master and Slave regions
engage in all directions until the end of the analysis if the contact has been set.

If the motion of a solid body is limited only by the contact conditions, it is important to ensure the
interaction elements of the contact pair in the initial state. However, in some cases, it may be difficult to
identify the interaction. This may occur in the following cases:

e the contours of the body can be quite complex and it is difficult to accurately determine the point at
which the first contact happens;
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e despite the fact that the geometric model is constructed without discontinuities, arising when
meshing rounding errors can lead to the appearance of small gaps between the elements.

For similar reasons, too high initial penetration of the Master region into the Slave region may occur. In
these cases, it may cause excessively large reactive forces in the contact elements which may result in the
divergence of solutions. Therefore, the definition of the initial contact represents perhaps the most
important meshing aspect for the contact analysis.

Contact algorithm

In Fidesys Bundle 1.6 the contact algorithm Penalty Method is applied.

This method requires settings for both normal and tangential stiffnesses (see Contact pair settings). The
main disadvantage of this method is that the penetration between the two surfaces depends on these
stiffnesses. Higher stiffness values can reduce the penetration but can lead to ill-conditioning of the global
stiffness matrix and to the poor convergence. Ideally, sufficiently high stiffnesses must be chosen for the
contact penetration to stay sufficiently small. At the same time, sufficiently low stiffnesses provide better
convergence of the problem.

In addition, when you run the task for the calculation, it is recommended to use at least 2 steps of loading
in Nonlinear Solver Settings.

Model

Elasticity
Plasticity
Heat transfer
Finite deformations

Contact

Set nonlinear options

Monlinear options

. lﬂad Steps

Max lnad steps 30
Max iterations 100

Tolerance 16

Element Types

Fidesys Bundle 1.6 computational algorithms allow simulating the contact without specifying an exact
match of mesh nodes on the boundary. It does not require using any special finite elements in the contact
area to describe the interaction details. In the process, it is not required to use any special finite elements in
the contact area to describe the interaction details. Such approach makes it easy to set the conditions for
interaction in contact or for tied surfaces.




C)\ CAE Fidesys — User Guide (version 1.6)

Fidesys Bundle 1.6 supports a solution of contact problems for the following already existing finite elements:

- 1% and 2" order quadrilateral 2D elements QUAD/QUAD4/QUAD8/QUAD9;

- 1% and 2" order triangular 2D elements TRI/TRI3/TRI6;

- 1stand 2" order 3D hexahedron HEX/HEX8/HEX27;

- 1stand 2" order 3D tetrahedron TETRA/TETRA4/TETRA10;

- 1% order 3D elements to construct hybrid meshes (pyramid PYRAMID/PYRAMID5 and wedge
WEDGE/WEDGE®6)

Contact Status

In Fidesys Viewer directly after the calculation the behavior of each contact element can be evaluated by the
assigned status in the field Contact Status.
This field has one component that can assume the following values:

e STATUS =0 - far;

e STATUS = 2 - contact with slip;

e STATUS = 3 - without slip (or without friction).

Contact Status

0.800
£0.400

0.000
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Setting the yielding model

The choice of the correct model of the material plastic flux is very important to obtain a proper solution of
the problem. Plasticity problems are nonlinear, therefore, they require substantial computer resources and
solving problems with large plastic strains may take a long time. The Fidesys system of strength analysis for
the Hook material realizes two criteria of transition into plasticity: the Mises criterion and the Drucker-
Prager criterion. Problems are solved both for perfectly elastoplastic models and for models with linear
hardening. It is currently implemented the approach taking into account finite strains in the elastic zone;
the linear formulation of the problem is used in the zone of plastic flux.

Von Mises yield criterion

In order to add the Mises plasticity to the Hook material, please select the section for setting material
properties on the Command Panel (Mode - Blocks and materials, Entity - Material, Action - Create
material).

Command Panel g X
Mode - Blocks and Materials

399-L =

Entity - Material

Z il SSS=Eip

Action - Create Material

a2 ¢S

Choose the group of material properties from the drop-down list, specify the name of the material and the
corresponding constants:

[ ] Copy Material mat -

Hook Material -

Hook Material
Mooney-Rivlin Material
Murnaghan Material
Qrthotropic Material

Property Group:

Prop
Young's Modulus
Shear Modulus
Poisson's Ratio
Density

Specific Heat
Conductivity
Coeff. of Thermal Expansion

Yield Strength in tension
Ultimate Strength in tension
Ultimate Strain in tension

Yield Strength in compression

Ultirmate Strenagth in compre... v

£k
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To create the model with the von Mises plasticity without hardening, set elastic properties of the Hook
material as well as the yield strength in tension:

Property Group: |Hook Material -

Property Value &N
Young's Modulus 2el
Shear Modulus
Poisson’s Ratio 0.3
Density
Specific Heat
Conductivity
Coeff, of Thermal Expansion
Yield Strength in tension 250eb
Ultimate Strength in tension
Ultimate Strain in tension

Yield Strength in compression

Ultimate Strenagth in compre... v

£ &

To create the Mises plasticity model with linear hardening, it is also necessary to enter the yield strength in
tension and the ultimate strain in tension.

Property Group: |Hook Material -

Property Value &
Young's Modulus 2el1
Shear Modulus
Poisson’s Ratio 0.3
Density
Specific Heat
Conductivity
Coeff, of Thermal Expansion
Yield Strength in tension 2506
Ultimate Strength in tension 460e6
Ultimate Strain in tension 047
Yield Strength in compression

Ultirmate Strenagth in compre.., v

R
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Drucker-Prager yield criterion

To set Drucker-Prager plastic model without hardening, it is necessary in addition to the elastic properties
of the material to determine the yield strength in tension and yield strength in compression.

Property Group: |Huuk Material - |
Property Value
Poisson's Ratio 03
Density
Specific Heat
Conductivity

Coeff. of Thermal Expansion

Yield Strength in tension 250e6
Ultimate Strength in tension

Ultirate Strain in tension

Yield Strength in compress... 400=6

Ultimate Strength in compre...

Ultimate Strain in compression W

£

In order to create Drucker-Prager plasticity model with hardening, specify also the yield strength and
ultimate strain in tension and ultimate strain in compression.

Property Group: |Huuk Material -
Property Value
Poisson's Ratio 0.3
Density
Specific Heat
Conductivity

Coeff, of Thermal Expansion

Yield Strength in tension 250eb
Ultimate Strength in tension 500e6
Ultimate Strain in tension 0.7
Yield Strength in compress... 400=6
Ultimate Strength in comp... 700e6

Ultimate 5train in compres... v
4 -

To operate with the Drucker-Prager plasticity model, it is necessary to enable the option of the ultimate
strain when starting calculation.
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Element types

Fidesys Bundle 1.6 supports the solution of elastoplastic problems for the following types of already existing
finite elements:

- 1% and 2" order quadrilateral 2D elements QUAD/QUAD4/QUAD8/QUAD9;

- 1stand 2" order triangular 2D elements TRI/TRI3/TRI6;

- 1stand 2" order 3D hexahedron HEX/HEX8/HEX27;

- 1stand 2" order 3D tetrahedron TETRA/TETRA4/TETRA10;

- 1% order 3D elements to construct hybrid meshes (pyramid PYRAMID/PYRAMID5 and wedge
WEDGE/WEDGES®)
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Starting calculation

Analysis types
Fidesys Bundle includes the following types of analysis:
e Static (1);
e Dynamic (transient) (2);
e Modal (3);
e Buckling (4);
e Composite materials effective properties calculation (5).

Command Panel B X
Mode - Calculation settings

399w

Calculation settings
wrle b 9

When starting calculation follow these steps:

1. Select Mode - Calculation settings on Command Panel.
2. Select the necessary type of analysis: Static, Dynamic, Modal, or Effective properties analysis.

3. Set the method of numerical analysis: Finite element method (by default) or Spectral element method
(see the section Spectral Element Method).

4. Set the parameters of the type of analysis you chose: solver type, coordinate system, fields, scheme,
time settings (for dynamic analysis), etc.

5. Click Apply.
6. Click Start Calculation.

After starting calculation its process will be displayed in the console. It will also output the messages for
the user, including the errors in case of unsuccessful or incorrect finishing of the calculation. If the
calculation is finished successfully, you will see the following message in the console: “Calculation finished
successfully at <date> <time>".

All the calculations are made in Cartesian coordinate system by default. If necessary, you can also convert
the results into cylindrical and spherical coordinate systems (use the appropriate filters in Fidesys Viewer).

The dimension of the calculated problem is 2D or 3D. The following types of 2D problem are included:

e Plane stress;
e Plane strain.

Stress, strain and displacement fields are calculated by default. If necessary, you can also calculate principal
stresses, strains, and Mises stress intensity (use the appropriate filters in Fidesys Viewer).
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The following types of solvers of linear systems (systems of linear algebraic equations (SLAE)) appearing
while discretizing the problem, are available:

e Direct (LU)
e lterative.

The following solvers for problems of modal analysis at systems of linear algebraic equations (SLAE) are
available:

e Krylov- Schur;
e Arnoldi.

For dynamic load, one of the two calculation schemes can be used:

o Explicit
e Implicit.

Models of problems
For the calculation, the following models of problems are available:

e elasticity;

e plasticity (for static analysis);

e thermal conductivity;

e ultimate strains (for static and dynamic analysis);
e contact.

To choose a model, the user selects the appropriate checkboxes. Selecting multiple checkboxes
simultaneously allows setting various combinations of models. For example, the selection of the
checkboxes Elasticity and Elasticity gives an elastoplastic model and the selection of the checkboxes
Elasticity and Thermal conductivity gives a model of thermoelasticity..

To improve the convergence of nonlinear problems, use the following settings:
Set nonlinear options
Monlinear options
Min load steps i
Max load steps 10

Maix iterations 100

Tolerance 1e-3

For nonlinear problems, convergence of iterations at each loading step can be checked in the file
Convergence.txt. The file is downloaded into the folder that is created next to the file * .pvd which stores
the calculation.

For effective performance of several calculations you can use the Calculations manager (see the section
Calculations manager).

For visualization and analysis of the obtained results you can use the program Fidesys Viewer included into
the package.
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Calculations manager

Fidesys Bundle allows performing individual calculations (see the section Starting calculation) as well as a
cycle of calculations within one project.

To perform a cycle of calculations, create a new project. You can do this in one of the following ways:
e Choose File — New Project in the menu
e C(lick a button on Calculations manager toolbar
e Use the combination Ctrl+Shift+N

In a pop-up window select a name of the project, its location and a type of geometry generation for the
model a cycle of calculations will be based on:

e If the model is imported (see the section Geometry generation), select this model in the same pop-up
window.

e If the model is created in the program with the use of geometric elements, select Use current model.

After creating the model, generate a mesh, set boundary conditions and material, set the required
calculation settings (see the sections Meshing, Setting boundary conditions, Setting the material, Starting
calculation respectively), and start the calculation. In a pop-up window enter the name of the calculation (or
leave the suggested by default), comments and settings of start and results visualization of the calculation.
(Name is the required field. The other settings are optional.) Click Add. The calculation will be automatically
added into the list of calculations within this project (in spite of its successful or unsuccessful performance).

To perform another calculation, modify some of the settings of the previous one (e.g. boundary conditions)
and start the calculation. It will be automatically added into the list of calculations within this project again
(in spite of its successful or unsuccessful performance).

To see your list of calculations, select the button Calculations Manager on Command Panel in the mode
Calculations Manager and click Open Calculation Manager.

Command Panel H X
Mode - Calculations Manager

399 = e

Calculations Manager

|l

In a pop-up window you will see the list of calculations with their results (successful or unsuccessful
finishing) and calculation settings (analysis, solver, fields for the output, etc.).

You can save all the calculations in one of the following ways:
e Choose File — Save Project in the menu

e Click a button on Calculations manager toolbar

e Use the combination Ctrl+Shift+S.
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To open the saved project, you can also use one of the three ways:
e (Choose File — Open Project in the menu;
e C(lick a button on Calculations manager toolbar;
e Use the combination Ctrl+Shift+O.

When re-opening the saved project, all of the problem settings will be kept the same as they were in the
last calculation you made before saving it within this project.

Only one project can be opened at the same time.

To close the project, you can also use one of the three ways:
e (Choose File — Close Project in the menu
e C(lick a button on Calculations manager toolbar

e Use the combination Ctrl+Shift+C

You will be suggested to save the project so as not to lose any data.
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Spectral element method

It is a unique feature of Fidesys Bundle that, in addition to the of finite element method (FEM) used by
default, it enables calculations by spectral element method (SEM).

SEM brief description and advantages

Spectral element method (SEM) is a FEM modification where piecewise functions are used as basic functions
consisting of high degree polynomials.

The main advantages of SEM in comparison to FEM:

1) High computational speed as there is no need to solve the system of linear algebraic equations due
to diagonal form of mass matrix. The latter is obtained by specific quadrature formula for volume
integration.

2) High precision of solution approximation at coarse meshing (lLow number of elements). The solution
error is estimated as

I[uln — unll < CNV),
where

C(N) = C,h" for FEM
and

C(N) = C;hNe™ for SEM.
C; and C, are constants, & is a characteristic element size, N is an element order, u;, is a numerical solution,
[u]y, is an exact solution in mesh nodes.
3) Ability of effective paralleling for OpenMP, MPI and CUDA.

SEM is most effective for the dynamic analysis using an explicit time scheme.
Here are the results of classical problem of wave propagation in 2D plate (size 1x1).
To achieve the computational error 2% and less, it is necessary to generate one of the following meshes:
a) 3-noded triangular mesh of 6 390 197 elements (characteristic element size is 4e-4)
b) 4-noded quadrilateral mesh of 1 640 961 elements (characteristic element size is 3e-3)

c) coarse spectral element mesh with 4" element order (only 16 elements are required).

Fig.1. Displacements U at t; Fig.2. Displacements U at t;
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Here are the examples of computation results for different spectral element orders:

2" spectral element order 4™ spectral element order

8" spectral element order 12t spectral element order




f\? CAE Fidesys — User Guide (version 1.6)

SEM Usage

In order to use the method of spectral elements instead of the finite element method to solve the problem,
select the checkbox Use spectral elements method in the general settings:

Sa-
Use spectral elements method
Spectral element order 2 E

Use MPI
Model

Elasticity

Flasticity

Heat transfer
Finite deformations
Contact
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Parallel calculations on several computers using MPI technology

If you have a network of several computers with installed CAE Fidesys software MPI technology allows you
to combine their computing capacity for parallel solution of the same problem.

MPI brief description and advantages

MPI technology currently represents a standard for parallel computing in distributed memory systems, i.e.
those in which each processor has its own independent address space and communicates with the other
processors via messages. MPI technology is more effective in solving problems with a large number of
degrees of freedom because, on the one hand, it allows solving problems that do not fit in the computer
memory and, on the other hand, large FEM or SEM problems require relatively low intensity of the messages
exchange between the processors and thus they less load the network connection. This is particularly
important for systems with distributed memory in which processors are connected by the common network
with a capacity of 100 Mbit/s as if several computers in the office.

MPI implementation in Fidesys

Fidesys provides the ability to use MPI with the following types of calculations:

e Statics;

e Dynamics;
e Modal;

e Buckling.

Here are supported models to calculate via MPI:

o Elasticity;

e Elastoplasticity;

e Thermal conductivity;
e Thermoelasticity;

e Finite deformations.

MPI installation

Intel MPI installs and runs in conjunction with the installation of the Fidesys Bundle software package. If the
Intel MPI version has already been installed on your computer and you do not want to replace it, please
contact Fidesys customer support for instructions on how to install and configure it.

In order to use when calculating the MPInecessary to put a tick Use MPI in the Toolbar in the General
settings of the selected calculation type. You will then see a special menu MPI Settings to specify needed
parameters.

In the pop-up MPI settings, select parallelization mode:

a. Local - the calculation will be carried out on the local machine using a specified number of
processors. The mode gives a gain in comparison to the calculations without MPI only for the
local configuration with a large number of cores.

b. Multiple hosts. In this mode, the calculation will be launched on several computers.
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MPI local usage

In order to use MPI locally on a single computer, you need to register at first (see below). Then go to the
MPI Settings Panel, tick Local and select the number of processors in a special window. After this, you can
start the calculation, no additional settings for MPI local use is not required.

Use MPI
MPI Settings
@ Local. Mumber of processors: | 10 =
() Multiple hosts (2) Configure. ..

MPI usage on several nodes

Requirements for the correct operation

1.

iAo

Make sure that the firewall settings on all computers allow correct operation of MPI.

It is recommended to disable the firewall on all computers involved in the parallel calculations.
Fidesys should be installed on the same path on all computers. This path cannot be network.

The path to FidesysCalc must be the same on all computers involved in the parallel calculations.
The working directory (the directory where the file .pvd and file folder of the calculation results are
written) should be available at all nodes on the same path which can be network. The user on whose
behalf the calculation is carried out must also have write access to the work directory in all nodes.
To find out which way is the working directory, you can go to the Menu Tools — Settings — Paths,
the string Working Directory. In other words, the calculation should be stored in a network folder,
while the network path should be indicated in the save dialog:

\J Save Result File

{ ’U | 1 \\ns25\cale_MPI

There are no special restrictions on the connection speed between the nodes but you should keep in
mind that if the connection speed is very slow, the calculation using the MPI can take as much or
more time than the calculation without MPI as all the time saved will be spent on the data exchange

between nodes.
7. This software version has no limit on the number of used nodes.
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MPI setting on several nodes

After making sure that all of the above requirements are met, go to the MPI settings panel (Calculation
Settings - Static - General - Use MPI). Put a checkbox next to the point Multiple hosts and click
Configure...:

Use MPI
MPI Settings
(7} Local, Mumber of processors:
@ Multiple hosts (0) Configure...

You will see the following window:

I

Host Mame Processors

Using Add and Delete, add to the list all the hosts you use, in the field Name write the host name in the
network, in the field Processors indicate the number of processors used on the host. After completing the

list, click Ok.
Twies I e

Host Name Processors

 E

2 ns2 2
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After this, the number of hosts indicated in parentheses after the words Multiple hosts on the MPI settings
panel should change:

IUse MPI
MPI Settings

(") Local, Mumber of processors: | 10

@ Multiple hosts (2)

Now you can specify other calculation settings and run it as usual; it will be carried out using the MPI on
several nodes.

Registration before the first usage

If you try to carry out the calculation using MPI for the first time, you should see the following window:

/ MPI Service Registration ==

ey If you have not registered your MPI service you have to do it before launching
the calculation. Do you want to launch registration utility now?

- -

[7] Do now show this message again

Yes | [ Mo ] [ Cancel

In order to register (without this step, the calculation is impossible), click Yes. You will see Windows
terminal window which you will need to enter Windows username and password on behalf of which you
launch the calculation using MPI.

You can also register by running the Windows terminal window from the panel "Start” (to do this, type in the
search box «cmd») and by typing the command mpiexec -register in the window. Then you need to enter
login and password in the same way as when registering using a pop-up Fidesys window.

If you have already registered the service, tick Do not show this message again.

0 For more information, see the Intel MPI documentation.
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Overview of the calculation results

After performing the calculation using MPI, in the Fidesys Viewer postprocessor the new field MPI Nodes
should appear that characterizes a partition on the specified earlier processors:

E uEI 3|: < MetisParthumber -
Solid Color

@ @ cellMormals

ii Materiallndex

|E3|E=AlNr=

“ipeline Browser < Displacement
: o T
[ builtin: InlhINudeID
\ *  MetisParthumber
@ BEER o ctain
< Siress

Calculation example using MPI

You can see an example of calculation on two computers in the picture below. Parts that are calculated on
various computers are presented in different colors.
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Heterogeneous materials effective property calculation

In Fidesys Bundle there is the possibility of calculating the effective properties of an heterogeneous material,
for example, composite or porous material. The calculation is carried out only in 3D case.

Geometry of the model for effective property calculation

A representative volume is a geometric model for calculating the effective properties of the material of
nonperiodic structures, i.e. the volume by which behavior under deformation you can be judged on the
behavior of the material in general. This typically means that the size of the representative volume should
be approximately an order of magnitude greater than the characteristic pore size or the inclusions in the
material. A periodicity cell may be a geometric model for the calculation of the effective properties of
periodic structure material.

It is important that the geometric model for the calculation of the effective properties must always be a
fragment of material «cut» out of it in the form of a rectangular parallelepiped. When calculating, this
fragment should be positioned so that the edges of the parallelepiped were strictly parallel to the
coordinate planes. Automatic checking of the model form and position to calculate the effective properties
is not provided, this should be controlled by the User — otherwise the calculation can pass and be correctly
completed but the results will be misleading.

Examples of valid models for the calculation of the effective properties are shown below. If the tested
material is solid (left), then the model for calculating its effective properties must be a solid rectangular
parallelepiped with edges parallel to the coordinate planes. If the material contains pores or cavities, then
the model for the calculation must contain cavities that may come to the surface (as shown on the right).

Generation of periodicity cell geometry of some composite materials with periodic structure in Fidesys
Bundle can be performed automatically. In the geometry control mode, there is a button «Create Composite»
as shown below.
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Command Panel g X
Mode - Geometry

299~ e

Entity - Create Composite

e ey

You can create periodicity cells of the following composite types

e Fiber-layered (two-layer) composite;

e single-layer fiber;

e single-layer fiber with shells;

e dispersed fiber reinforced (spherical inclusions);
e dispersed fiber reinforced with shells.

The user needs only to set the parameters of materials and click "Create" - the geometry will be generated
automatically by means of the Fidesys Bundle interface. It stands to reason, the user can also create the
geometry for the calculation manually by means of the interface or to import; the most important thing is
that the geometric model for the calculation of the effective properties is «cut» out of the material in form
of the rectangular parallelepiped with edges parallel to the coordinate system in the Fidesys Bundle
interface.

Starting calculation

After creating the geometry, it is necessary to carry out the same actions as when calculating for static load:
blocks creation, finite element mesh generation, material properties setting, etc, except for the boundary
conditions application. To calculate the effective properties, it is unnecessary to apply the boundary
conditions to the model: when calculating a number of boundary conditions types are automatically applied
to the model sequentially; of the static load problem is solved for each type; results of all the problems are
averaged and, as a result of averaging, the effective properties of the material are calculated. The user only
needs to choose the type of boundary conditions: periodic or nonperiodic.

Command Panel g X

Mode - Calculation settings

39D =

Calculation settings - Effective Properties

b 7%

Effective Properties - General

Type of BC

4 1 e
— >
T

|I.l

) Nonperiodic

@ Periodic

£l
Start Calculation
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Periodic boundary conditions are preferred if the effective properties of the material of periodic structure
are calculated and the periodicity cell serves as a model for the calculation. For example, if the material is a
composite with matrix and inclusions, moreover, the stiffness of the inclusions is much higher than the one
of the matrix and the inclusions are located on the surface of the model for the calculation - in this case it
is necessary to use periodic conditions. If the effective properties of the material of irregular structure are
studied and a representative volume is a model for the calculation, then the nonperiodic boundary
conditions are preferred.

In Fidesys Bundle 1.6 it is the SLAE direct solver that is available to calculate the effective properties.

Element types
Fidesys Bundle 1.6 supports the effective properties calculation for the following existing finite elements:

e 1t order 3D hexahedron HEX/HEXS;
e 1t order 3D tetrahedron TETRA/TETRAA4.

Effective property calculation and its results

As mentioned, to calculate effective properties the model undergoes a series of strains. The following types
of strains are used:

e tension (along each of the coordinate axes);
e shears (in each of the coordinate planes).

The strain magnitude is 0.2% for all types.

Effective properties are evaluated in the form of the generalized Hook's law:

05 = Cijklgkl

The result of the calculation is effective elastic modules Cijk, displayed to the command line and in the file

called CijklLtxt in the working directory. The modules are evaluated in the coordinate system where the
calculation was carried out (which coordinate planes are parallel to the edges of calculation model).

Modules Cijk, contain 21 independent constants - it is often more than it is necessary to describe effective

properties of the tested heterogeneous material. That is why there is a possibility of the automatic
conversion of the obtained effective elastic modules into constants of orthotropic, transversally isotropic or
isotropic material. After completing the calculation of the effective properties, the window «Process

effective properties data» opens. In the window, obtained effective elastic modules Cijkl are shown at the

bottom right in the form of a symmetric matrix sized 6x6 (the matrix part below the main diagonal is not
displayed by the symmetry).

When the calculation is complete, the window opens automatically. If the user closes it, it can be re-opened
in the mode Blocks and materials -> Material Management -> Create the material using calculated effective
properties:
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Command Panel 7 X
Mode - Blocks and Materials

399w

Entity - Material

&|9HH I

\E‘

The user can assess whether the matrix with obtained Cijk, to orthotropic materials with the satisfying

tolerance. For the exact orthotropic material, the matrix should look as follows (where the letters X denote
those components that can be nonzero).

X X
X

X X X

X o o o
X o o o o
O o o o o

X

However, since the components of the matrix are the result of numerical calculation of effective properties -
they tend to contain some errors. If, from the user's point of view, the matrix corresponds to orthotropic
materials with acceptable tolerance, select the «Orthotropic» type of material and click «Process Data»
resulting in the fact that nine constants of orthotropic material will be counted.

If orthotropic constants in the X and Y will coincide with acceptable tolerance the user can select the type
of material «Transversely isotropic» and click «Process data». Five constants of the transversally isotropic
material will be calculated.

But if orthotropic constants do not depend on the direction then you can select the type of material
«isotropic» and again click «Process data». Two constants of an isotropic material - Young’s Modulus and
Poisson's Ratio - will be calculated.

The window exterior «Process effective properties data» is shown in the figure below.
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=
Data file: | Browse. .. I

Material Type:

@ QOrthotropic

) Transversely Isotropic

() Isotropic

Process data | |Ex|:uurt Material. .. |

Mame Value 0 0 0 0 i

0 0 0 0 0
0 0 0 0

0 0 0

0 0

¥

If the processed material constants satisfy the user, the option to export the material into the file XML is
available in the same window. You must select a name for the effective material and the name of the XML
file into which it will be exported. When you click «Export Material...», the material with the specified name
and obtained effective properties are first created whereupon all other created materials are exported into
an XML file with the specified name. You can then import these materials from the created file.

If heterogeneous material which efficient properties are investigated is orthotropic, transversely isotropic or
isotropic from empirical considerations; and the calculation results do not correspond to that - you should
try to refine the mesh or to choose a model for the calculation in another way.
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Results Visualization and Postprocessing

Fidesys Viewer at a glance

The program Fidesys Viewer is used for visualization and analysis of the obtained results:
e Visualization of vector and tensor fields
e Graph
o Time dependency analysis

Fidesys Viewer is included into the package Fidesys Bundle and does not require individual installation. To
use Fidesys Viewer, the license is not required: the results of calculations obtained by using the Fidesys
Bundle preprocessor are available for viewing in Fidesys Viewer even after the expiration of the license.

Main Window

 Fidesys Viewer 116 R e e = 1 o O i
File Edit View Sources Filters Tools Help

@ﬁ@n:rsﬂ»-q:z+ PR T T el 3

H G ifosme=s  ~|m e B s dE (EFE6 G

VRO L i

Pipeline Bronser a
T
[ builtin:

@ﬁ

N ENE=RES)|

roperties a8 x

.
h? FIDESYS

Statistics Inspector 8 X

Name Data Type Mo. of Cells Mo. of Points  Memory (MB)  cometry Size (ME  Spatial Bounds Temporal Bounds
5 mpi3.pvd W Unstructur.. @ 162320 ° 1623200 250621 255374 [-225,2251,[... [0,0]

Animation View | statistics Inspector

Workbench (1) displays the model and visual effects.

Main Menu (2) includes standard operations for working with files and projects, managing the visualization
modes, panel display settings, filters, tools, and help available in the drop-down lists of the menu.

Toolbar (3) comprises the buttons for calling the most frequently used commands while working with the
program.

Pipeline Browser (4) includes the opened models and filters applied to them.

Properties Page (5) displays the properties of the selected object in the Workbench or in the Pipeline
Browser.

Additional panels can be shown or hidden in the menu View.
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Basics of the program

Fidesys Viewer allows you to view and analyze the results. Viewing and analysis are performed using
multiple filters you can select the item View in the menu. Some of them are described below.

Display on the data field and legend model

Fields and components of display can be selected in the Toolbar:

[ & Siress v] [ Magnitudh ~

You can also see the Color Map by clicking i in the Toolbar.

Selection

In order to select points or cells, use the following buttons in the Toolbar:

On-screen information display

Numerical results for the data fields can be viewed in the tab Information. If the entire model is in focus,
the fields of the tab Information contain a range of data - from minimum to maximum value.

The values in points can be found using the filter Probe Location (Filters — Alphabetical — Probe Location).
Then you must specify the viewing point coordinates. After applying the filter, data field values are
displayed only for the specified point in the tab Information.

o To view the numerical results for the selected points is also possible by clicking Point Information
on the Toolbar.

The values in the points/nodes/elements can be identified and viewed by using Selection Inspector (View —
Selection Inspector).

Overview of the strained model
To view the strained model, select Filters — Alphabetical — Warp By Vector. In the Properties tab, you can
select the display scale.

I‘_{? To quickly access the filter, click Warp By Vector on the top panel.

Spherical/cylindrical coordinate systems

To receive data from the spherical or cylindrical coordinate systems, select Filters — Alphabetical —
Coordinate systems. Next, select the data field that you want to represent in new coordinates. After
applying the filter, a new data field will appear in the tab Information, for example, Stress (spher.).

Graphing along straight line

To graph along a straight line, select Filters — Alphabetical — Graph along a straight line.
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Specify coordinates of the beginning and end of the line. In the tab View, select the appropriate data field to
display in the graph.

Graphing along curves

To graph along a curve, select nodes (see par. Selection) for which graph will be plotted. Next, use Filters —
Alphabetical — Extract selected and then Filters — Alphabetical — Show data.

Graphing in time dependency

To plot a time dependency graph, you should allocate points of interest through the Allocation Inspector or
by the button Select points in the standard string and then apply the filter Filters — Alphabetical — Graph
selected in time dependency.

Mises stresses

To obtain Mises stress intensity select Filters — Alphabetical — Invariants. After applying the filter data
field Stress (Mises) will appear in the tab Information. Quick access button is located in the Fidesys Viewer
standard string:

Estimation of the mesh quality

To estimate the mesh quality, select View — Filters — Alphabetical — Mesh Quality. Specify the necessary
settings in the tab Properties. After applying the filter, the new fields which analysis allows concluding
about the mesh quality will appear in the tab Information.

Slice

To view the model slice, select Filters — Alphabetical — Slice. Specify the normal or the direction in which
you want to make the slice.

Cross section

To view the model cross section, select Filters — Alphabetical — Cross section. Specify the normal or the
direction in which you want to make the slice.

Beam and shell 3D-display

’ To view beams and shells in 3D in the Fidesys Viewer postprocessor, you can click on the button 3D
in the standard string.

Margin of Safety

To view the model cross section, select Filters — Alphabetical — Margin Of Safety. If the ultimate strength
and yield strength were not specified when preprocessing, you should set them in the tab Properties.
Margin of safety is calculated by the first theory of strength, energy theory, Tresca theory, Mohr’s theory of
failure, Pisarenko-Lebedev theory. Obtained values can be viewed in the tab Information in the new field
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Margin Of Safety. The first component of the field is the margin of safety by the first theory of strength; the
second is the margin of safety by the energy theory, etc.

|
L arsmoisafety: |

| Properties | Display | Information |
Properties H X

[ ooy | | @eser | [ % pekere | [2]

Margin of Safety (First theory of strength)
Margin of Safety (Energy theory)

Margin of Safety (theory Tresc)

Margin of Safety (theory Mohr)

Margin of Safety (theory Pisarenko - Lebedev)

Smoothed results

To smooth the obtained results, select Filters — Alphabetical — Consistent results. Select the field which
numerical data are to be converted. After applying the filter a data field, for example, the Stress (smoothed),
will be displayed in the tab Information.

Data saving

To get numerical values of the obtained results, save the data in .csv format. Click Ctrl+S or select File —
Save to do this. The saved file is an ordinary table of numerical data which can be opened in any text editor.

For dynamic problems, saving the model variation under deformation is available. Select File — Save
Animation to do this.
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Step-by-Step User Guide

Solving any problem using FIDESYS package includes 6 basic steps:
e Model generating
e Meshing
e Setting boundary conditions
e Setting the material
e Starting calculation
e Results analysis

See some examples with step-by-step guide below.

Static analysis (3D)
NAFEMS test “Thick Plate Pressure” Test No LE10, Date/Issue 1990-06-15/2.
The problem of static load of an ellipsoid plate is being solved.

The pictures below represent a geometric model of the problem:

) (-
r

1.75 2
(i) . ¥2_

Displacements along the normal to the sides are constrained in the side slices of the plate. All of the points
of the outer curvilinear surface are fixed in the XY plane. The outer curvilinear surface is fixed along the
middle line of displacements along Z axis. The pressure to the upper side is 1 MPa. The material parameters
are E =210 hPa, v =0.3.

Test pass criterion is the following: stress oyy at the point D is -5.38MPa to within 3%.




r\? CAE Fidesys — User Guide (version 1.6)

Geometry creation

1. Create the first elliptic cylinder.

Select volume geometry generation section on Command Panel
(Mode — Geometry, Entity — Volume, Action — Create). Select
Cylinder in the list of geometric elements. Specify the cylinder
dimensions:

o Height: 0.6

e (ross section: Elliptical
e Major Radius: 2

e Minor Radius: 1

Click Apply.

2. Create the second elliptic cylinder.

Select volume geometry generation section on Command Panel
(Mode — Geometry, Entity — Volume, Action — Create). Select
Cylinder in the list of geometric elements. Specify the cylinder
dimensions:

e Height: 0.6;

o Cross section: Elliptical;

e Major Radius: 3.25;

e Minor Radius: 2.75.
Click Apply.

As a result, two generated entities are displayed in the Model Tree
(Volume 1 and Volume 2):

Command Panel
Mode - Geometry

299

P r

&

Action - Create
(o=
@ X

| Cylinder

&
Q

Height | 0.6 |

(® Elliptical

() Circular

Major Radius | 2 |

Minor Radius | 1 |

Power Toals

e @ |2 | ¥

Current View | Full Tree

Mame In}

a TP Volumes
& G Volume 1
& O Volume 2 2
I 4 Groups
D% Boundary Conditions
[ Q Materials
H Blocks
BB Side Sets
‘}':’{’ Mode Sets
ks Boundary Layers
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. . Command Panel g X
3. Subtract the first cylinder from the second one . Mode - Geometry

Select volume geometry generation section on Command Panel ‘ . @ =
(Mode — Geometry, Entity — Volume, Action — Boolean). Select

&l
Q

Subtract in the list of operations. Set the following parameters: Entity - Volume
e Volume ID(s): 1 (the volumes to be subtracted); Q Q /- x 6 g
e From Volume ID(s): 2 (volumes from which other volumes will ﬁ
be subtracted); .
Action - Boolean
e |mprint. . -
i mm T s R E
Click Apply.
As a result, only one volume is displayed in the Model Tree ® &
(Volume 2). e =
¢-€¢
@ sody D(s) 2 |
B Body (s) 1 |
4. Leave a quarter of a volume (symmetry of the problem). [] keep Originals
|:| Imprint

C d Panel g X
ommand Fan z Preview

Mode - Geometry

QAPP = T &

Entity - Yolume

PSS M 2B T

Select volume geometry generation section on Command Panel

y (Mode — Geometry, Entity — Volume, Action — Webcut). Select
Coordinate Plane in the list of possible webcut types. Set the
Action - Webcut following parameters:
-96' - =I x EI e Volume ID(s): 2 (the volume to be webcut);

e Webcut with: YZ Plane;
0 x o Offset value: O;
e Imprint.

Click Apply.

| Coordinate Plane - |

Body ID(s) |2 |

®v O x O xv Do the same for the ZX Plane:
Offset Value |U |
e Volume ID(s): 2 (the volume to be webcut);
[ ] rotate Plane
. e Webcut with: ZX Plane;
|:| Imprint

Indude MNeighbors o Offset value: 0;

[] Merge e Imprint.
[] Group Resuits Click Apply.

EC{;' g | Preview || Apply |
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As a result, the original volume in the Model Tree is split into three (Volume 2, Volume 3 and Volume 4).

Jower Tools

R WA -NE -k

Current View |Full Tree

=
Mame

4 [P Volumes
G Violume 2 2
I @@ Volume 3
@ Volume 4 4
[ 430 Groups
55 Boundary Conditions
[ Q Materials
'@ Blocks
HE side Sets
‘E{’ Mode Sets
i Boundary Layers

Body 2

Delete the volumes 2 and 3. To do this, select these volumes in the Model Tree holding down Ctrl and click
Delete in contextual menu. As a result, a quarter of the original volume is left (Volume 4):
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5. Split the outer curvilinear surface into two (it is necessary for restraining this surface from
displacements along the middle line).

Select surface geometry modification section on Command Panel (Mode — Geometry, Entity — Surface,
Action — Modify). Select Split in the list of possible operations. Set the following parameters:

e Surface ID(s): 28 (the surface to be split along the middle line);
e Split Method: Direction Curve;
e Direction Curve ID: 44.

Click Apply.

As a result, the outer curvilinear surface is split into two, and two new surfaces (Surface 32 and Surface 33)
are displayed in the Model Tree instead of Surface 28:

Command Panel g X
Mode - Geometry

39 L=

Entity - Surface

PSP
&

Action - Modify

aEs e RE

Split -

Direction Curve hd

Surface ID(s) |28

Direction Curve ID |44

Meshing

It is necessary to calculate the value at the point D, that is why the generated mesh should be refined in the
vicinity of the point.

1. Select meshing on curves section on Command Panel (Mode — Mesh, Entity — Curve, Action — Mesh).
Specify the parameters of mesh refinement:

o Select Curves: 46 44 45 43 (using space after each curve),
e Select the way of meshing: Equal;
e Select the checkbox Interval;
e Specify the number of intervals: 6
Click Apply.
Click Mesh.
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Select meshing on curves section on Command Panel (Mode — Mesh, Entity — Curve, Action — Mesh).

Select Curves: 14 41 39 12 (using space after each curve);

[ ]
e Select the way of meshing: Equal;
e Select the checkbox Interval;

e Specify the number of intervals: 3;

Click Apply.
Click Apply Scheme
Command Panel & X
Mode - Mesh
399 s T =

hoe@ x @
a
Select Curves

146444543
Get Settings For Curve 46 | Get Settings

|Equal v |
() Approximate Size (_) Auto Size (@ Interval

Interval 6

2.Select volume mesh generation section on Command Panel (Mode — Mesh, Entity — Volume, Action —
Mesh).
Select Entities to Mesh (specify their ID): 4 (or by the command all);

e Select Meshing Scheme: Polyhedron.

Click Apply Scheme.
Click Mesh.
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Command Panel 5 X
Mode - Mesh
[ ] | I
399w
Entity - Volume

Select Volumes
4

Select Meshing Scheme
Polyhedron ]

i Check For Overlapping Surfaces
Apply Scheme Before Meshing

Scheme: polyhedron Mesh 7\

The resulting number of elements can be viewed in the Property Page by clicking on the inscription Volume
4 in the Model Tree on the left.

To view the mesh properties, you can follow these steps:
e Select the entire model
e Right-click on the model
e In the pop-up menu, select List Information - List Mesh Info

e Information on the mesh will be displayed in Command Line
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Power Toals. & X
ERE VL BE K
Current View |Full Tree b
Name D A
4 P Volumes
1T Volume 4 4
[» 4 Groups
EE Boundary Cenditions
& @ Materials
& & Blocks o
< >
Walume 4
Properties Page [ 4

Perform Action

L@z (R

Property Value @
4 General

Id 4

Type Volume

Name Volume 4

Idless Signature calc

Color Not Set
4 Geometry

Engine ACIS

Volume calc

Is Meshed
Number of Elemen
Number of Nodes 715
Requested Intervals Mot Set
Requested Size 0.142587 (N)
Meshed Volume calc

Mesh Scheme Polyhed
Smooth Scheme Equipotential
T !

Part Name
Part Description

o Material Descrintion - & e

Mesh_Information

Aprepro Editor g x lement_Type Interior Boundary Total
He: 1] &0

o
Face o 104 104
Edge 0 208 208
Node 297 418 715

Variable Name Current Value
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Setting boundary conditions

1. Fix one side (slice) along X axis.

Select Mode — Boundary Conditions, Entity — Displacement, Action — Create on Command Panel. Set the

following parameters:
e System Assigned ID
e Entity List: Surface
e Entity ID(s): 11

e Degrees of Freedom: x-Translation

e DOF Value: 0
Click Apply.

2. Fix one side (slice) along Y axis.

Command Panelv

8 x

Mode - Boundary Conditions

399

Entity - Displacement

S @CA‘

L O P
4|y =
Action - Create
| |[a—
)| A =

ID/Name

() New ID

() Name

(®) System Assigned ID

< § &

C
iy

Entity List
) volume () Curve () Node
(® Surface () Vertex () Nodeset

Entity ID(s) |11
Degrees Of Freedom
] A
X-Translation Disp
[] Yaranslation Disp
[] zaranslation Disp

[T x-Rotation Disp
[] y-Rotation Disp
["] z-Rotation Disp

DOF Value o]

[] specify Combination
®' Overwrite

Smallest

Average

Largest

Select Mode — Boundary Conditions, Entity — Displacement, Action — Create on Command Panel. Set the

following parameters:
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e System Assigned ID
e Entity List: Surface
e Entity ID(s): 27
o Degrees of Freedom: y-Translation
e DOF Value: 0
Click Apply.
3. Fix the outer curvilinear surface along X and Y axes.

Select Mode — Boundary Conditions, Entity — Displacement, Action — Create on Command Panel. Set the
following parameters:

e System Assigned ID
e Entity List: Surface
e Entity ID(s): 32 33
o Degrees of Freedom: x-Translation and y-Translation
e DOF Value: 0
Click Apply.

4. Fix the middle line of the outer curvilinear side along Z axis.

Select Mode — Boundary Conditions, Entity — Displacement, Action — Create on Command Panel. Set the
following parameters:

e System Assigned ID
e Entity List: Curve
e Entity ID(s): 47

e Degrees of Freedom: z-Translation
e DOF Value: 0
Click Apply.
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Command Panel & X
Mode - Boundary Conditions

499 s =
Entity - Displacement
L3
ARRBCM™
Action - Create
a| =

ID/Name

L
5

(O New ID
() Name
(®) System Assigned ID
Entity List
) Volume ® Curve () Node
(O surface () vertex () Nodeset

Entity ID(s) |47
Degrees Of Freedom
T A
[] xaranslation Disp [ ] X-Rotation Disp
[] Y-Translation Disp ["] Y-Rotation Disp
ZranslationDisp  [_| Z-Rotation Disp

DOF Value [0
[] specify Combination
® Overwrite Average
Smallest Largest
2

5. Apply pressure to the upper side.
Select Mode - Boundary Conditions, Entity — Pressure, Action — Create. Set the following parameters:
e System Assigned ID
e Entity List: Surface
e Entity ID(s): 31
e Magnitude Value: 1e6 (an exponential number format using the Latin letter“e” is supported )
Click Apply.
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Command Panel 8 X
Mode - Boundary Conditions

399 -5

| |
' \ \
L B/% s 8
| Y | em| = W
; IL

o

gl

ID/Name
() New ID

() Name
(®) System Assigned ID

Pressure Entity List

@ surface O i

() curve () Face/Quad
() Sideset () Edge

Entity D) |31 |
Magnitude Value | 1e6 \
[ interpret Value As

®) Use Pure Pressures

Use Total Force
[] Apply Pressure On
® Top

Bottom

"ﬂ@ = _Aoplv
|

All applied boundary conditions must be displayed in the Model Tree on the left. In addition, the boundary
conditions are available for editing from the Model Tree.

To view all the applied boundary conditions also click Show BC on the top panel.
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Power Tools
K UL EENE'S

Current View | Full Tree

MName 1D

a (@ Volumes
&> @ Volume4 4
I 4 Groups
4 % Boundary Conditions
- 88 CFD
4 =9 FEA
,:L Forces
.Q;. Accelerations
.E. Velocities
4 Q Pressures
4 m Pressure 1
BB sideset 1
[ Temperatures
I» =3 Displacements
¥= Constraints
£8 Convections
l'i' Heat Fluxes
== Cpgntact Regions
~ Contact Pairs
[ Q Materials

@Blocks
e OE 0 e
L4

Pressure

Properties Page 5 X
Perform Action

EAE2e@Ee K

Property Value

4 General v
Id 1 A
Idless Signature calc 7
Mame Pressure -
Pressure 1e+06

Setting material and element type
1. Create the material.

Select setting the material properties section on Command Panel (Mode — Blocks and Materials, Entity —
Block, Action — Create Material). Set the following parameters:

e Name: Materiall;

e Description: Hook material

e Properties group: Hook material;
e Young’s Modulus: 210e9;

e Poisson’s Ratio: 0.3.

Click Apply.
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Command Panel B X
Mode - Blocks and Materials

399~ =

Entity - Material

&P H I

Action - Create Material
B & @

Mame: | Material 1

Desariplion: | yooke material

[ ] setID <requested id>

[ ] copy Material  Steel -

Property Group: |Hook Material -

Property Value
Young's Modulus 2109
Shear Modulus
Poisson’s Ratio 0.3
Density
Specific Heat
Conductivity
Coeff, of Thermal Expansion
Yield Strength in tension
Ultimate Strength in tension
Ultimate Strain in tension

Yield Strength in compression

Utimate Strength in compre... hd

£

2. Create a block of one type of the material.

Select setting the material properties section on Command Panel (Mode — Blocks and Materials, Entity —
Block, Action — Manage). Select Add in the list of possible operations. Set the following parameters:

e Block ID: 1;

e Select the entities to be united into block: Volume;

o ID(s): 4 (or by the command all).
Click Apply.
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|Con1'narl1d Panel & x|

Mode - Blocks and Materials
A9 =
Entity - Block
Action - Manage
|Add v
Block D |1 |
Select
D Group O Tet
(@) Volume () Face
() Surface O i
) Curve () Edge
() Vertex () Mode
D Hex
() |4

[ ] Allow Blocks to Contain Duplicate Elements

[ Reset all Blocks Reset
ER-
3. Assign the material to the block.

Select setting the material properties section on Command Panel (Mode — Blocks and Materials, Entity —
Block, Action — Manage). Select Assign Material to Block in the list of possible operations. Set the following
parameters:

e Block ID(s): 1

e Select the previously created material in the list: FEA Material 1
Click Apply.

¢ Assign Material to Block v:

Block ID(s) |1 |
Available Materials
Material1 - |
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4, Assign the element type.

| Element Type - |

Select material properties setting section on Command
Panel (Mode — Blocks and Materials, Entity — Block, BlockID(s) 1 |
Action — Manage). Select Element type in the list of Select

possible operations. Set the following parameters: () Nodes () Curves
e Block ID(s): 1; (O Surfaces ®) volumes
e Select: Volumes; Volumes
() Hex () Tetra
e Volumes: HEX27. O Hexs O Tetras
Click Apply. O Hexs o
() Hex20 ) Tetra1d
® iHex27! O Tetral4

Starting calculation

1. Set the type of the problem to be solved.

Select calculation settings section on Command Panel (Mode — Calculation settings, Calculation settings —
Static, Static — General). Select:

e Dimension: 3D;
e Model: Elasticity.
Click Apply.

2. Set the solver settings.

Select calculation setting section on Command Panel (Mode — Calculation settings, Calculation settings —
Static, Static — Solver). Select the solver method (direct or iterative) and set Convergence Parameters in
case of choosing an iterative one. You can also leave all the settings by default.

Click Apply.
Click Start Calculation.

3. In a pop-up window select a folder to save the result and enter the file name.

4. If the calculation is finished successfully, you will see a message in the Console: “Calculation finished
successfully at <date> <time>”.
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Results analysis
1. Open the file with the results. You can do this in one of the three ways.
e Press Ctrl+E.
e Select Calculation — Open Results in the Main Menu. Click Open last result.

e Select Calculations Manager on Command Panel (Mode - Calculations Manager, Calculations
Manager - Results). Click Open Results.

Calculation | Help

4 Open Results Ctrl+E |
¥z Open Results in new window Ctrl+Shift+E

al

@4 To apply all of the filters changes automatically, click Apply changes to parameters automatically on
Command Panel.

2. Display the component oy, of the stress field and the mesh on the model.
In Fidesys Viewer window set the following parameters on Toolbar:

e Representation Mode: Surface;

e Representation Field: Stress;

e Representation Component: 22.

e Surface with edges.

o Siress v||22 v|| | |Surf.-:|ce -

3. Select a point where you need to view the stress.
In the Main Menu, choose View - Allocation Inspector.

Select a point on the model by using Select Points Through.

B R %

Select a point D on the upper side. The node number (243) should be displayed in Selection Inspector on
the right.

In Allocation Inspector, go to the tab Point Tag and select the following settings:
e Enable Visibility;
e Tag Mode: Stress;

As a result, Stress components at the point D is displayed at the picture.
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Selection Inspector 7 X

Current Object: - |

Create Selection |

4 Active Selection

Selected Object: 6.pvd
Selection Type: |Frusth - |
Field Type: |POINT -

Select cells that indude the selected points
[] tnvert selection

[ show Frustum

4 Display Style
| Selection | CellLabel | PointLabel |
Visible
Label Mode |Stress - |

Label Format | |

Font Size |18 B
Font | arial | [B][1] s
align |Left -

Opacity | 1,00 | | @ color |

4. View a numerical value oy, at the selected point D.
The difference between the obtained value -5.294807e+06 and the required one -5.380e+06 is 1.61%.
5. Download numerical data.

Select File — Save Data in the Main Menu or click Ctrl+S. Enter the file name (*.csv format), leave it by
default. Click OK. The saved file is an ordinary table of numerical data which can be opened in any text
editor.

6. You can see the way the body is deformed under the applied pressure.

Select the filter Warp By Vector to do this. Set the following parameters in the tab Properties:

e Vectors: Displacements;

e Scale Factor: 5000.
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As a result, the deformed body is displayed at the picture. To see the original model, click near it in the
Model Tree. The picture below shows the deformed (solid grey filling) and the original model (with the field
of displacements distribution along Y axis).

Pipeline Browser B X | Layout #1 X | + |
! =
[ buitin: [E]lil
|

@ ) test00.pvd

|
I | WarpByViector2

| Properties | Display I Information |
Properties F X

| R Apply || @ Reset |’ L Delete ]

Viectors [Displacaﬂmt - ]

Scale Factor 5000

L

Using Console Interface

For geometry generation, meshing, setting boundary conditions and materials you can use Console
Interface. The following program code allows performing the steps of the above-described guide you only
need to manually specify the full path and name of the file to be saved.

Here is an example of the working script (the file is saved in D:;/FidesysBundle/calc/example.pvd)

reset

set node constraint on

create Cylinder height 0.6 major radius 2 minor radius 1
create Cylinder height 0.6 major radius 3.25 minor radius 2.75
subtract body 1 from body 2 imprint

webcut body 2 with plane xplane offset © imprint
webcut body 2 with plane yplane offset @ imprint
delete Body 3

delete Body 2

split surface 28 direction curve 44

curve 46 44 45 43 interval 6

curve 46 44 45 43 scheme equal

curve 46 44 45 43 interval 6

curve 46 44 45 43 scheme equal

mesh curve 46 44 45 43

curve 14 41 39 12 interval 3

curve 14 41 39 12 scheme equal

curve 14 41 39 12 interval 3

curve 14 41 39 12 scheme equal

mesh curve 14 41 39 12

volume 4 scheme Polyhedron

volume 4 scheme Polyhedron
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mesh volume 4

create displacement on surface 11 dof 1 fix ©

create displacement on surface 27 dof 2 fix ©

create displacement on surface 32 33 dof 1 dof 2 fix @

create displacement on curve 47 dof 3 fix ©

create pressure on surface 31 magnitude 1e6

undo group begin

create material "material 1" property_group "CUBIT-FEA" description "Hook material”
modify material "material 1" scalar_properties "MODULUS" 2.1e+11 "POISSON" 0.3
undo group end

set duplicate block elements off

block 1 volume 4

block 1 material 'material 1°

block 1 element type hex27

analysis type static elasticity dim3

spectralelement off

usempi off

solver method auto try_other off

solver method auto try_other off

calculation start path "D:/FidesysBundle/calc/example.pvd"

a pop-up window of the main menu select File — Open and open the necessary journal file.

E It is also possible to run the file Example_1_Static_3D.jou by selecting Journal Editor on Toolbar. In
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Static load (gravity force)

RJ. Roark, Formulas for Stress and Strain, 4" Edition? McGraw-Hill Book Co., Inc., New York, NY, 1965, pg 112, no.
33

The problem of the tube bending of under gravity force is to be solved. The pictures below represent a
geometric model of the problem:

] [
— Ei
[ il iy
- [~
d -] “'-rd
o = = I
tﬁ ~
e L N

1o

The side edges are rigidly fixed on all displacements and rotations. Material parameters are E = 30e6 psi, v =
0.0, p=0.00073 Lb-sec¥/in*. The gravity force is defined via the acceleration g=386 in/sec’. The geometrical
dimensions of the model: L=200 in, do=2 in, di=1 in.

Due to the symmetry of the problem, half tube will now be considered (L/2).

X
A

- L/2 -

LTI

=Y

Test pass criterion is the following: displacement in the center of the tube uy, at the point D (0, do/2, 0) is -
0.12529 within 3%.
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Geometry creation

1. Create the first circular cylinder.

Select volume geometry generation section on Command Panel (Mode — Geometry, Entity — Volume,
Action — Create). Select Cylinder in the list of geometric elements. Specify the cylinder dimensions:

e Height: 100;
e Cross section: Circular;
e Radius: 1;

Click Apply.

Power Tools B X

S 8 | @2 | ¥

2. Create the second cylinder.

Select volume geometry generation section on Command Panel

(Mode — Geometry, Entity — Volume, Action — Create). Select | Current View Full Tree -
C'ylinde.r in the list of geometric elements. Specify the cylinder | [, o Prope
dimensions: 4@ Volumes
e Height: 100; I T Volume 1 1
S . i T Volume 2 2
e (Cross section: Circular; b & Groups
e Major Radius: 0.5; 5 Boundary Conditions
. [» Q Materials
Click Apply. @ Blocks
As a result, two generated entities are displayed in the Model HE Side Sets
Tree (Volume 1 and Volume 2). 3 Node Sets

kL Boundary Layers
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3. Subtract the first cylinder from the second one. Command Panel

i X Maode - Geometry
Select volume geometry generation section on Command Panel

(Mode — Geometry, Entity — Volume, Action — Boolean). Select ‘ . @ =
Subtract in the list of operations. Set the following parameters: T —

&l
Q

e Volume ID(s): 1 (the volumes to be subtracted);

S BT

e From Volume ID(s): 2 (volumes from which other volumes will y

be subtracted);
° |mpri nt. Action - Boolean
Click Apply. a A Sy il
As a result, only one volume is displayed in the Model Tree (Volume o x

1).

| ) Subtract -

. fa

€

.- Body ID(s) |1 |
:B Body ID(s) |2 |
[] Keep Criginals

|:| Imprint

e Previen

Command Panel (4
Mode - Geometry

9= T

Vaolume

S BT

4. Place the volume to the coordinate origin.

Q

Select volume geometry generation section on Command Panel ‘
(Mode — Geometry, Entity — Volume, Action — Modify). Select Move ety -

from the list of possible types of slices. Set the following

parameters:
e Volumes ID: 1 (the volume to be cut); y
e Checkbox Distance; :
Action - Transform
e Distance along the Z axis: 50; . —
’ B9 e RE
Click Apply.
Thus, the center of the left end of the tube is placed in the origin of Move -
coordinates. Volume ID(s) [1 |
Incude Merged
Select Method
() To Coordinates
() To Entity
@ Distance

() In Direction Of Surface Normal
() General Location

X Distance |

¥ Distance |

Z Distance | 50
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Meshing

1. Set the approximate size of the elements.

Select volume mesh generation section on Command Panel (Mode — Mesh, Entity — Volume, Action —
Intervals). Specify the approximate size of the elements:

e Select volumes: 1;
o Select Approximate size from the drop-down list;
e Approximate size: 0.25;

Click Apply.

2. Select the way of mesh generation.

Select volume mesh generation section on Command Panel (Mode — Mesh, Entity — Volume, Action —
Mesh).

e Select volumes: 1;

e Select meshing scheme: Polyhedron;
Click Apply.
Click Mesh.

The resulting number of elements can be found on the property page by clicking on Volume 1 in the Model
Tree on the left.

To view the mesh properties, you can follow these steps:
e Select the entire model
e Right-click on the model

e In the pop-up menu, select List Information - List Mesh Info

e Information on the mesh will be displayed in Command Line




r;) CAE Fidesys — User Guide (version 1.6)

Powerqu!s
(s @[8 [¥]

Current View |Full Tree

Name ID
4P Volumes

} P Volume 1 1

> 3 Groups
» 8 Boundary Conditions
b @@ Materials
Q Blocks
HE Side Sets
4 Node Sets
BE Boundary Layers
<

Volume 1

Properties Page
Perform Action

L@

Property Value
Idless Signature calc
Color Not Set

4 Geometry
Engine ACIS

Meshing

Is Meshed Yes
Number of Elements 18400
Number of Nodes 26466
Requested Intervals  Not Set

Requested Size 0.25 (V)
Meshed Volume calc
Mesh Scheme Sweep

Smooth Scheme Equipotential

Command Line

Part Name
Part Description
Meaterial Description S
< >
Aprepro Editor J X

Variable Name Current Value

Mesh_Information
Element_Type Interior Boundary Total
Hex 18400 0 18400
Face 0 16092 16092
Edge 0 32184 32184
Node 10374 16092 26466

Journaled Command: list volume 1 mesh

I Fideque>
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Setting boundary conditions

1. Fix the right lateral edge at all directions.

Select Mode — Boundary Conditions, Entity —
Displacement, Action — Create on Command Panel. Set the
following parameters:

e System Assigned ID;
e Entity List: Surface;
e Entity ID(s): 8;
e Degrees of Freedom: All,;
e DOF Value: 0.
Click Apply.

2. Fix the left lateral edge along X and Z axes by
analogy.

Select Mode — Boundary Conditions, Entity -
Displacement, Action — Create on Command Panel. Set the
following parameters:

e System Assigned ID;
e Entity List: Surface;
o Entity ID(s): 9;

o Degrees of Freedom: X-Component, Z-Component;
e DOF Value: 0.
Click Apply.

Command Panel
Mode - Boundary Conditions

399 - =
Entity - Displacement

L B P =) § 2
&y |=|:|m|
Action - Create

arEr X

ID/Mame
() New ID

l:::l Mame
(®) System Assigned ID

Entity List
() volume
(®) Surface

{:} Curve

l::l Vertex

) Node
() Nodeset

Entity ID(s) |8
Degrees Of Freedom
Al
[ ] xTranslation Disp
[ ] yranslation Disp
[] zranslation Disp

[ ] x-Rotation Disp
[ ] y-Rotation Disp
[ ] Z-Rotation Disp

DOF Value |0
[ specify Combination
® Cverwrite Average
Smallest Largest
EiR--
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Command Panel 5 X
3. Set the gravity force using the acceleration. Mode - Boundary Conditions
Select Mode — Boundary Conditions, Entity — Acceleration, ‘ . @ = % tl
Action — Create on Command Panel. Set the following _ _
parameters: Entity - Acceleration
e System Assigned ID; LB | = 8
e Entity List: Volume; A\ Y |=| = | §d Id
o Entity ID(s): 1; Action - Create
e Degrees of Freedom: Acceleration Y; g = e %
«  DOF Value: -386. —
) ID/Mame
Click Apply. PRp

Note: The acceleration is set for mass forces taking into account ) june
the sign. In this case, the acceleration g acts in the negative
direction of the Y axis.

(@) System Assigned ID

Entity List
(@ volume () curve () Mode
() Surface () Vertex () Modeset

Entity ID(s) |1

Degrees Of Freedom

] Al

[] %ranslation Accel  [] X-Rotation Accel
YTranslation Accel [ ] Y-Rotation Accel
[] z7ranslation Accel  [| Z-Rotation Accel

DOF Value |-336]

[] specify Combination

® Overwrite Average
Smallest Largest

* @

Setting material and element type

1. Create the material.

Select setting the material properties section on Command Panel (Mode — Blocks and Materials, Entity —
Material, Action — Create Material). Set the following parameters:

e Name: Material 1;
e Description: Hook material
e Property group: Hook material,

¢ Young’s Modulus: 30e6;

e Poisson’s Ratio: 0;
e Density: 0.00073.
Click Apply.
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[

Command Panel B X
Mode - Blocks and Materials

29T =

Entity - Material

& @ =

Action - Create Material
a2 G @

Mame; | material1

55
=)

Description: | yooke material

[]setm <requested id=

[ ] Copy Material  Steel -

Property Group: |Hook Material -

Property Value
Young's Modulus 30eb
Shear Modulus
Poisson’s Ratio 0
Density 0.00073
Specific Heat
Conductivity
Coeff. of Thermal Expansion
Yield Strength in tension
Ultimate Strength in tension
Ultirnate Strain in tension

Yield Strength in compression

Ultimate Strength in compre...

P2

2. Create the block of one material type.

Select setting the material properties section on Command Panel (Mode — Blocks and Materials, Entity —
Block, Action — Manage). Select Add in the list of possible operations. Set the following parameters:

e Block ID: 1;

e Select entities to be united into the block: Volume;

e |ID:1 (or by the command all).
Click Apply.
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|Eorrrnand Panel ] X|
Mode - Blocks and Materials

29I =

Entity - Block

Action - Manage

a| R &

Add v
Block ID | 1 |

Select

O Group (::l Tet

(@) Volume () Face

() Surface ) T

() Curve () Edge

() Vertex () Node

O Hex

D) | 1|

[ ] allow Blocks to Contain Duplicate Elements

5. Assign the material to the block.

Select setting the material properties section on Command Panel (Mode — Blocks and Materials, Entity —
Block, Action — Manage). Select Assign Material to Block in the list of possible operations. Set the following
parameters:

e Block(s) ID: 1;

e Select the previously created material in the list: Material 1.
Click Apply.

' Assign Material to Block v

Block IDs) | 1 |
Available Materials
| material 1 - |
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4. Assign the element type. Command Panel 3 X
Mode - Blocks and Materials

= B ®

Select setting the material properties section on Command

Panel (Mode — Blocks and Materials, Entity — Block, Action ’ g @

— Manage). Select Element Type in the list of possible _
operations. Set the following parameters: Entity - Block

e Block(s) ID: 1; ‘@ @% % I

e Select: Volumes;

Action - Manage

e Volumes: HEXS. T:l x @

Click Apply.
Element Type -
Block ID(s) |1
Select
. . () Nodes () Curves
Starting calculation O Surfaces @ Volumes
1. Set the type of the problem to be solved. e
Select calculation setting section on Command Panel (Mode () Hex O Tetra
— Calculation settings, Calculation settings — Static, Static (®) Hexa () Tetra4
— General). Select: () Hex9 () Tetras
e Dimension: 3D; () Hex20 () Tetra10
() Hex27 () Tetra14

e Model: Elasticity.
Click Apply.
2. Set the solver settings.

Select calculation setting section on Command Panel (Mode — Calculation settings, Calculation settings —
Static, Static — Solver). Select the solver method (direct or iterative) and set Convergence Parameters in
case of choosing an iterative one. You can also leave all the settings by default.

Click Apply.
Click Start Calculation.
In a pop-up window select a folder to save the result and enter the file name.

4. If the calculation is finished successfully, you will see a message in the Console: “Calculation finished
successfully at <date> <time>”.

Command Panel g X
Results analysis Mode - Calculations Manager

1. Open the file with the results. You can do this in one of ‘ g @ = H % Ht}]

the three ways.
Calculations Manager - Results

e C(Click Ctrl+E. r .

e Select Calculation — Open Results in the Main Menu. L] Q
Click Open last result.

D: fworkftest.pvd
[ Open in new window

Open last result
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e Select Calculations Manager on Command Panel (Mode — Calculations Manager, Calculations
Manager — Results). Click Open Results.

@ To apply all of the filters changes automatically, click Apply changes to parameters automatically on
Command Panel.

2. Display the Uy, component of the displacement field on the model.
In Fidesys Viewer window set the following parameters on Toolbar:

e Representation Mode: Surface;

e Representation Field: Displacement;

e Representation Component: 2.

e Surface.

| o Displacement -|[2 - Surface -

3. Display the maximum Displacement Uy,.

”i Display the legend.

Q] Next, go to the color scale settings by clicking the corresponding button near.

Specify the following settings in the pop-up form:
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-l . TS
Color Legend
Show Color Legend
Title
Text
Font | Courier ~| [EEis)
e 2 —
Labels
Fant | Courier v] (s
Size 12 [3] Opacity 0.80 £ [Ocoler |+
Automatic Label Format Label Format %-#6,3g
E notation
Mumber of digits 3 El
Max Number of Labels 10 El Aspect Ratio Zﬁ.UUE

ok etodt] [ Goe ]

=

After applying the settings, you will see the following picture:
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00,0600
03,0400
4 I 0,0200

' 0,000

4. Check the maximum value U,y at the selected point D.

In the picture, it is the maximum in modulus Displacement (blue). It corresponds to -0.127222 in the
color legend.

The difference between the resulting value -0.127222 and the required -0.12524 is 1.56%.

5. Download numerical data.

Select File — Save Data in the Main Menu or click Ctrl+S. Enter the file name (*.csv format), leave it by
default. Click OK. The saved file is an ordinary table of numerical data which can be opened in any text
editor.

6. You can see the way the body is deformed under the applied pressure.

To do this, select Filters — Alpabatical — Warp By Vector. Set the following parameters in the tab
Properties::

e Vectors: Displacement;

e Scale Factor: 100.

As a result, the deformed body is displayed at the picture. To see the original model, click the button ®
near the model in the Model Tree. The picture below shows the deformed (solid grey filling) and the original
model (with the field of displacements distribution along Y axis).
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Pipeline Browser B X | Layout #1X +
L o
[ builtin: & & [EE 080
|

@ P testlpud

|
@ PEENE]

Information Display Properties

Properties
H Apply ) Reset 3¢ Delete

g

\Viectors Displacement

Scale Factor | 100

1. 50er 004
1 35l
NS
7, 50e+ 003
5, 00e+003
I 2. 50e+003

—
- 1,000

Using Console Interface

For geometry generation, meshing, setting boundary conditions and materials you can use Console
Interface. The following program code allows performing the steps of the above-described guide, you only
need to manually specify the full path and name of the file to be saved.

Here is an example of the working script (the file is saved in D;/FidesysBundle/calc/example.pvd)

reset

create Cylinder height 100 radius 1

create Cylinder height 100 radius 0.5

subtract body 2 from body 1

move Volume 1 preview z 50 include_merged

move Volume 1 z 50 include_merged

volume 1 size 0.25

volume 1 scheme Polyhedron

volume 1 scheme Polyhedron

mesh volume 1

create displacement on surface 8 dof all fix @
create displacement on surface 9 dof 1 dof 3 fix ©
create acceleration on volume 1 dof 2 fix -386
undo group begin

create material "material 1" property_group "CUBIT-FEA" description "Hook material”
modify material "material 1" scalar_properties "MODULUS" 3e+07 "POISSON" © "DENSITY"
0.00073

undo group end

set duplicate block elements off

block 1 volume 1

block 1 material 'material 1°

block 1 element type hex8

analysis type static elasticity dim3
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spectralelement off

usempi off

solver method auto try_other off

solver method auto try_other off

calculation start path " D:/FidesysBundle/calc/example.pvd”

It is also possible to run the file Example_2_Static_3D.jou by selecting Journal Editor on Toolbar. In a
E pop-up window of the main menu select File — Open and open the necessary journal file.

Static load (beam model, reaction forces)

S.H. Crandall, N.C. Dahl, An Introduction to the Mechanics of Solids, McGraw-Hill Book Co., Inc., New York, NY,
1959, pg. 389, ex. 8.9

e,

The problem of static load of a square section beam is being solved. The picture represents a geometric
model of the problem: a = 50 In, beam section 1 x 1 in. The boundary conditions are presented in the
picture; the force applied at the point B is F, = -1000 Lb. The material parameters are E = 30e6 psi, v =0.3.

Test pass criterion is the following: reaction force Ra at the point A (0,0,0) is 148.15 b, reaction moment at
the point Cis 27778 in-lb within 1.5%.

Geometry creation Command Panel g x

1. Create a straight line 100 in length (segment AB). Sllz-sEiE

Select volume geometry generation section on Command ’ g @ = % tl

Panel (Mode — Geometry, Entity — Curve, Action —
Create). Select Line in the list of geometric elements.

Create it using Location and Direction. Set the followin
g e PO BT

Entity - Curve

parameters:
e Location: 0 0 O (line origin); y
e Direction: 1 0 0 (along X axis); Action - Create
e Length: 100; . -
) a A= S R =
Click Apply.
Line -
Build Using
(") Vertex IDs
I} Locations

(®) Location and Direction

Location (000

Direction 100

Length | 100
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2. Create a straight line 50 in length (segment BC).

Select volume geometry generation section on Command Panel (Mode — Geometry, Entity — Curve, Action
— Create). Select Line in the list of geometric elements. Create it using Location and Direction. Set the

following parameters:

e Location: 100 0 O (line origin); _Power Tools & X
W
o Direction: 1 0 0 (along X axis); 4 & | @ | % | ¥ |
e Length: 50; Current View |Fu|| Tree - |
Click Apply. Mame [n] Pr
. . P Volumes
As a result, in left side of the Model Tree there are two free
. ] 4 " Free Curves
curves having no common vertices. 4/ Curvel :
o Yertex 1 1
o Vertex 2 2
4 7 Curvel 2
o Vertex 3 3
o Vertex 4 4
>4 Groups v
| - picked t Il
3, Unite two vertices.
Command Panel B X

Select volume geometry generation section on Command Panel

Mode - Mesh . .
(Mode — Geometry, Entity — Vertex, Action — Merge). Set the

‘ .‘@ = % tl following parameters:
Entity - Curve o Vertex ID: 2 3 (using space after each of them);
= Click Apply.

De &b =

Dlg A=~ 4+ 2

Action - Mesh Meshing

i 2 B X H 4. Select meshing on curves section on Command Panel

(Mode — Mesh, Entity — Curve, Action — Meshing). Specify the

parameters of mesh refinement:

e Select Curves: all;

Select Curves .
|al | o Select the way of meshing: Equal;

, , e Select the meshing parameters: Interval;
Settings For Curve Get Settings

e Interval: 1.
|Equal - | .
Click Apply.

() Approximate Size () Auto Size (@) Interval Click Mesh.

Interval | 1 |
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Setting boundary conditions

1. Fix the point C at all directions.

Select Mode — Boundary Conditions, Entity — Displacement,
Action — Create on Command Panel. Set the following
parameters:

e System Assigned ID;
e Entity List: Vertex;
e Entity ID(s): 4;
e Degrees of Freedom: All,;
e DOF Value: 0.
Click Apply.

2. Fix the point C at the Y and Z displacement.

Select Mode — Boundary Conditions, Entity — Displacement,
Action — Create on Command Panel. Set the following
parameters:

e System Assigned ID;
e Entity List: Vertex;
e Entity ID(s): 1;
o Degrees of Freedom: Displacement Y, Displacement Z;
e DOF Value: 0.
Click Apply.

3. Apply force at the point B.

Select Mode — Boundary Conditions, Entity — Point Force,
Action — Create on Command Panel. Set the following
parameters:

e System Assigned ID;
e Entity List: Vertex;

o Entity ID(s): 2;

e Force: 1000;

e C(Click Direction...;

e Inthe pop-up window select: Negative Y.

Click Apply.

Command Panel

Mode - Boundary Conditions

=

Entity - Displacement

12

s

B

B

ID/Mame
) New ID
) Mame
(®) System Assigned ID
Entity List
() volume
() Surface

ID Curve

@ Vertex

) MNode
() Nodeset

Entity ID(s) |4

Degrees Of Freedom
All

[ ] xranslation Disp
[ ] yranslation Disp
[ ] Zranslation Disp

[ ] ¥x-Rotation Disp
[ ] y-Rotation Disp
[ ] Z-Rotation Disp

DOF Value ||

[ ] specify Combination
& Overwrite

Smallest

=

2

Average

Largest
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Command Panel [ 4
Mode - Boundary Conditions

399 s

Entity - Force

L E Py = § |
| Y=z gl

= || =» =
7 9%

S ®

Action - Create

I =

o

ID/MName

v Direction Options

() New ID

XY Z Direction
XY Z Direction
Ox () Negative X

() Name
(®) System Assigned ID

= Force Entity List
(® Megative Y — = —
_ (_J) Surface (®) Vertex (_J) Modeset
() Megative Z

() Curve () Node

Entity ID(s) | 2
[] spedify Using Vector

Force 1000
[] Additional Options
Moment
Direction ... | \ny
=t
kg
2@

Setting material and element type

1. Create the material.

Select setting the material properties section on Command Panel
(Mode — Blocks and Materials, Entity —Material, Action — Create
Material). Set the following parameters:

e Name: Material 1;

e Description: Hook material

e Property group: Hook material,;
¢ Young’s Modulus: 30e6;

e Poisson’s Ratio: 0.3

Click Apply.

Command Panel

g X
Mode - Blocks and Materials

399~ 1w

Entity - Material

&9 I

Action - Create Material
a B @

Material 1

Mame:

Description: |y oke material

[]setp
[ ] copy Material Material 1 -

Property Group: | Hook Material -

Value 2

30eb

Property
Young's Modulus
Shear Medulus
Poisson’s Ratio 0.3
Density
Specific Heat
Conductivity
Coeff, of Thermal Expansicn
Yield Strength in tension
Ultimate Strength in tension

Ultimate Strain in tension

Yield Strength in compression
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Command Panel (=4
2. Create the block of one type of the material. Mode - Blocks and Materials

Select setting the material properties section on ‘ . @ = % tl
Command Panel (Mode — Blocks and Materials, Entity —

Block, Action — Manage). Select Add in the list of possible Entity - Block
operations. Set the following parameters: @ @

e Block ID: 1;
Action - M
o Entity type to be united into the block: Curve; i
e ID:1 2 (or by the command all). TJ 82 @
Click Apply. |Add v|
Block ID |1 |
Select
5. Assign the material to the block. () Group () Tet
Select setting the material properties section on O volume O Face
Command Panel (Mode — Blocks and Materials, Entity — () Surface () i
Block, Action — Manage). Select Assign Material to Block ® Curve () Edge
in the list of possible operations. Set the following O Vertex O Node
parameters: o
Hex
e Block(s) ID: 1; D) |a"|

e Select the previously created material in the Llist:
[ | Allow Elocks to Contain Duplicate Elements

Material 1.
Click Apply.
¢ Assign Material to Block v:
Block ID(s) |1 |
Available Materials
Material1 - |
4, Assign the element type.

Select setting the material properties section on Command Panel (Mode — Blocks and Materials, Entity —
Block, Action — Manage). Select Element Type in the list of possible operations. Set the following
parameters:

e Block(s) ID: 1;

e Select: Curves;

o Element type: Beam2.
Click Apply.
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Command Panel B X
Mode - Blocks and Materials

3991w
EPBHI
13| R By

Action - Manage
|ElementT'5rpe - |

Block ID(s) |1 |
Select
() Modes (®) Curves
() Surfaces () volumes

Curves

D Bar D Bar2 {:} Bar3
() Beam (@) Beam2 () Beam3
C:I Truss l:::l Truss2 I:::I Truss3
() Flatguad

Command Panel B X
Mode - Blocks and Materials

5. Set beam parameters.
- - es sect 399 T =
Select setting the material properties section on Command

Setting beam cross section profile

Panel (Mode — Blocks and Materials, Entity — Beam Entity - Beam Properties
Properties). Set the checkbox Select profile. Select Rectangle
in the list of geometric elements. Specify the following di @ E % I
parameters:
e Block ID: 1; Block D 1 |
e Height (H): 1 CSRotation Angle  |0.0 |
.« Width 8): 1; (®) Select profile
. |Rec13ngle v|
Click Apply.
iZ
!
- y




r{? CAE Fidesys — User Guide (version 1.6)

|
Starting calculation

1. Set the type of the problem to be solved.

Select calculation setting section on Command Panel (Mode — Calculation settings, Calculation settings —
Static, Static — General). Select:

e Dimension: 3D;

e Model: Elasticity.
Click Apply.
2. Set the solver settings.

Select calculation setting section on Command Panel (Mode — Calculation settings, Calculation settings —
Static, Static — Solver). Select the solver method (direct or iterative) and set Convergence Parameters in
case of choosing an iterative one. You can also leave all the settings by default.

Click Apply.
3. Set the reaction force calculation
Go to the tab Static — Output fields and set the checkbox Calculate nodal and reaction forces.
Click Apply.
Click Start Calculation.
Note: Without setting the checkbox Calculate nodal and reaction forces, the field is not calculated.
4. In a pop-up window select a folder to save the result and enter the file name.

If the calculation is finished successfully, you will see a message in the Console: “Calculation finished
successfully at <date> <time>".

Results analysis Command Panel 8 X

Mode - Calculations Manager

s| 5w

Calculations Manager - Results
o Select Calculation — Open Results in the Main Menu. r 1

Click Open last result. el A

o Select Calculations Manager on Command Panel (Mode
— Calculations Manager, Calculations Manager -
Results). Click Open Results. ["] Open in new window

Open last result

1. Open the file with the results. You can do this in one of the

three ways. ‘ g @

e C(Click Ctrl+E.

D: fworkftest.pvd

2. Display the uy component of the displacements field.

In Fidesys Viewer window set the following parameters on Toolbar:
e Representation Mode: Surface;
e Representation Field: Displacement;

e Representation Component: 2.

< Displacement | 2 - Surface -
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The field of displacements distribution along the Y axis wil be displayed on the model
3. Check the numerical value of the reaction force at the point A.

Display Component 2 of the Reaction Forces field.

< Reaction_force - | |2 - | | | |Sur1'a::e -

On the Fidesys Viewer Main Panel, click Select Points On surface.

| Select F'l:uilts On jl x l:

Select the limiting left point (point A) on the geometric model.

To quickly view the information at the fixed point, click pointsinfo on the Main Panel.

> O ? P -~
p— pointsinfo

Pipeline Browser B X | Layout#1 X +

F IS

ol

Properties

Points information

@ A X ¥ Z Reaction_force
o0 0 0 0 148,148 0

& Apply

In the pop-up window, components of the reaction force at the selected point will be displayed.

w Points information = =

X b z Reaction_force

...............

00 :0 0 0148148 0

The difference between the resulting value 148.148 and the required 148.15 is less than 0.01%.

Please, do not close the window Points information.
4. Check the numerical value of reaction moments at the point C.

Display Component 3 of the Reaction_moment field.

| < Reaction_moment v| |3 b | | | |5ur1'a::e b
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On the Fidesys Viewer Main Panel, click Select Points On surface.

SR

| Select Points Cn il 4

T ——

i

Select the limiting right point C on the geometric model.

In the window Points information components of the reaction moment at the selected point will be
displayed.

v Points information = K

X b z Reaction_moment
3150 |0 0 00 -27777.8

The difference between the resulting value -27777.8 and the required -27778 is less than 0.01%.
5. Open 3D-image of the beam.

To display 3D-view of the beam cross section, set the focus on the calculation title and click the button

3 in the Fidesys Viewer standard line.

Pipeline Browser & x| layout#1X | + |

T . = e

[ builtin: (] & [E][EE o8 .0 x
@ @) test4.pvd

@ | test4_3D.pvd

Information Display ] Properties
Information & X

Properties
Filename: test4_3D.pvd
Path: H: jwork
Statistics
Type: Unstructured Grid
Number of Cells: 32
Number of Points: 100
Memory: 0.03MB

Data Arrays
Current data time: 0

Name Data Type Data Ranges A
@ BCForce double [0, 0], [-1000, -1000], [0, 0]
@ BCMoment double [0, 0], [0, 0], [-100000, -1...
© Displacement double [-0.497704, 0.497704], [-...

o InitialNodelD int [1,3] o

@ Materiallndex int [0, 0] .

@ Materials  double [0, 0], [3e+06, 3e+06], [0.. ~3
@ Name char [0, 116] i \
© Strain double [0, 0], [-0.679013, 1.3580...

© Stresc douhle [0 01 [-16RRA7 1RARARATI ...

EF To apply all of the filters changes automatically, click Apply changes to parameters automatically on
Command Panel.
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6. Download numerical data.

Select File — Save Data in the Main Menu or click Ctrl+S. Enter the file name (*.csv format), leave it by
default. Click OK. The saved file is an ordinary table of numerical data which can be opened in any text
editor.

Using Console Interface

For geometry generation, meshing, setting boundary conditions and materials you can use Console
Interface. The following program code allows performing the steps of the above-described guide, you only
need to manually specify the full path and name of the file to be saved.

Here is an example of the working script (the file is saved in D;/FidesysBundle/calc/example3.pvd):
reset
set node constraint on
create curve location © © © direction 1 @ @ length 100
create curve location 100 © © direction 1 @ © length 50
merge vertex 2 3
curve all interval 1
curve all scheme equal
curve all interval 1
curve all scheme equal
mesh curve all
create displacement on vertex 4 dof all fix @
create displacement on vertex 1 dof 2 dof 3 fix ©
create force on vertex 2 force value 1000 direction ny
set duplicate block elements off
block 1 curve all
undo group begin
create material "Material 1" property_group "CUBIT-FEA" description "Hook material”
modify material "Material 1" scalar_properties "MODULUS" 3e+06 "POISSON" 0.3
undo group end
block 1 material 'Material 1°'

block 1 element type beam2

block 1 attribute count 14

block 1 attribute index 1 value 1 name 'A’

block 1 attribute index 2 value ©0.140833 name 'It’'
block 1 attribute index 3 value 0.166667 name 'Ix'
block 1 attribute index 4 value 0.0833333 name 'Iy'’
block 1 attribute index 5 value @ name 'Iyz'

block 1 attribute index 6 value ©.0833333 name 'Iz'’
block 1 attribute index 7 value © name ‘'angle’
block 1 attribute index 8 value © name 'ey'

block 1 attribute index 9 value @ name 'ez'

block 1 attribute index 10 value 0.5 name 'max_y'
block 1 attribute index 11 value ©.5 name 'max_z'
block 1 attribute index 12 value @ name ‘section_type’
block 1 attribute index 13 value 1 name 'geom_H'

block 1 attribute index 14 value 1 name 'geom_B'

analysis type static elasticity dim3

spectralelement off

usempi off

solver method auto try_other off

output nodalforce on midresults on

output nodalforce on midresults on

calculation start path 'D:/FidesysBundle/calc/example3.pvd’

E It is also possible to run the file Example 3 Static Beam.jou by selecting Journal Editor on Toolbar.

In a pop-up window of the main menu select File — Open and open the necessary journal file.
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Static load (shell)

TumoweHko C.IN. BonHosckuii-Kpurep C. lNMnactnHku n obonovkm — M.: Hayka, 1966 r. - 636cTp.

[Timoshenko S.P. Voynovskiy-Kriger S. Plates and shells, Nauka, Moscow, 1966, 636 pages [in Russian]]
- a -

The problem of static load of square shell which two sides are
clamped and the other two are freely supported, is being solved..
The picture represents a geometric model of the problem:a =1 m,
shell thickness is 0.1 m. The boundary conditions are presented in
the picture. The plate is loaded by uniform pressure of 10 kPa.

Test pass criterion is the following: the maximum deflection is
1.19e-6, moments M,=252 N-m and M,=332 N-m.

Geometry creation

1. Create the square 1 m on side. Command Panel 8 x
Mode - Geometry

Select volume geometry generation section on Command Panel

(Mode — Geometry, Entity — Surface, Action — Create). Select ‘ g @ == % 5 o

Rectangle in the list of geometric elements. Set the parameters:

e Width: 1;

Entity - Surface

PSS xBF

e Height: Optional.

Click Apply. &
Command Panel g X Action - Create
Mode - Mesh *%- ﬂ = R El
' Sl | Er
399 s L=
Entity - Surface Rectangle -
9 @ | K % e width |1
<P o)A — | + E& Height | {Cptional)
ﬁ () ¥Plane () YPlane (®) ZPlane

=
Action - Mesh Meshing Eci} o

w2 2B R 1. Select surface mesh generation section on Command Panel
(Mode — Mesh, Entity — Surface, Action — Meshing). Specify the

1+
H h I:' following parameters:
Select Surfaces e Select surfaces: 1;

i
e Select meshing scheme: Polyhedron;

select Meshing Scheme
Polyhedron -

Click Apply Scheme.
Click Mesh.
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Command Panel B X
Mode - Boundary Conditions

3299 s T

Entity - Displacement

Q

Setting boundary conditions 8| = §
1. Fix the two edges rigidly. -
4| 4 )|=| 2 |l

Select Mode — Boundary Conditions, Entity — Displacement,
Action — Create on Command Panel. Set the following Action - Create

parameters: g = Eg 7 R

e System Assigned ID;

D
e Entity List: Curve; /Name
() New ID
o Entity ID(s): 1 3 (or sequentially click on the top and
C:l Mame

bottom edges);
(®) System Assigned ID

o Degrees of Freedom: All;
Entity List

e DOF Value: 0. @) volume () Curve () Node
() surface () vertex () Nodeset

Click Apply.

Entity ID(s) |13
Degrees Of Freedom
All
[] %ranslation Disp [] %-Rotation Disp
[ v-Translation Disp [] v-Rotation Disp
[ ] ZTranslation Disp [ ] ZRotation Disp

DOF Value [g]
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2. Fix the two other edges at displacements.

Select Mode — Boundary Conditions, Entity — Displacement, Action — Create on Command Panel. Set the
following parameters:

e System Assigned ID;
e Entity List: Curve;

e Entity ID(s): 2 4 (or sequentially click on the right and left |- . 2o & x
edges); Mode - Boundary Conditions
e Degrees of Freedom: X-Translation, Y-Translation, Z- ‘ g @
Translation; = @ t}‘
e DOF Value: 0. ELofTe =Rl
Click Apply. LI = § &2
3. Apply the uniform pressure on the surface. -
&Y=z |m|

Select Mode — Boundary Conditions, Entity — Pressure, Action —
Create on Command Panel. Set the following parameters:

e System Assigned ID; D JE i— || §7 R
e Entity List: Surface;

Action - Create

ID/Mame
e Entity ID(s): 1; ) New ID
e Value: le4; O Name
Click Apply. (®) System Assigned ID
Pressure Entity List
Command Panel q X _
Mode - Blocks and Materials ® surface O i
() Curve () Face/Quad
’ 5 @ = | & O sideset O edoe
Entity - Material Entity D) |1 |

C‘i @ E % I Magritude Value | 14 |

Action - Create Material

g B Q @ Setting material and element type
1. Create the material.
Mame: | materiall | . . . .
Description: Select setting the material properties section on Command
ESCTREON: | Hook material Panel (Mode — Blocks and Materials, Entity —Material, Action —
Create Material). Set the following parameters:
[] setm e Name: Material 1;
[ ] Copy Material  Steel - e Description: Hook material
Property Group: |Huuk Material - e Property group: Hook material,;
Property Value  * e Young’'s Modulus: 200e9;
Young’s Modulus 200e3 e Poisson’s Ratio: 0.3.

Shear Modulus

Poisson's Ratio Click Apply.

Nensitv
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2. Create the block of one type of the material.

Select setting the material properties section on Command
Panel (Mode — Blocks and Materials, Entity — Block, Action —
Manage). Select Add in the list of possible operations. Set the
following parameters:

Block ID: 1;
Entity type to be united into the block: Surface;

ID: 1 (or by the command all).
Click Apply.

3. Assign the material to the block.

Select setting the material properties section on Command
Panel (Mode — Blocks and Materials, Entity — Block, Action —
Manage). Select Assign Material to Block in the list of possible
operations. Set the following parameters:

Block(s) ID: 1;

Select the previously created material in the list:
Material 1.

Click Apply.

4.

Select setting the material properties section on Command Panel
(Mode — Blocks and Materials, Entity — Block, Action
Manage). Select Element Type in the list of possible operations.
Set the following parameters:

Block(s) ID: 1;

Select: Surfaces;

Assign the element type.

Element type: Shell4.
Click Apply.

Command Panel

Mode - Blocks and Materials

29I -0 =

Entity - Block

Action - Manage

3| R &

Add v
Block ID | 1 |

Select

) Group () Tet

() volume ) Face

(®) Surface () i

i) Curve () Edge

() Vertex ) Mode

() Hex

() |1

[ ] Allow Elocks to Contain Duplicate Elements

| Assign Material to Block

Block ID(s) | 1]

Available Materials

| material 1

| Element Type

Block ID(5) | 1

Select
() Nodes
(®) Surfaces

Surfaces

(Jguad () shel

() Quad4 (@) Shel4
() Quads () shella
() Quada () Shella
() guadg () Hexshel

D Curves
() volumes

(3T () Trishell

() T3 () Trishell3
() Tris () Trishells
() Ti7 () Trishel7
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Setting shell thickness Rl v
1. Set the shell thickness. Blodk ID(s) |3
Display
Select setting the material properties section on Command ® Normal
Panel (Mode — Blocks and Materials, Entity — Block, o
Action - Manage). Select in the list of possible operations O Thickened
Shell thickness. Set the following parameters: Scale 1.0
e Block ID: 1: [] use Constant Color
Pick Cal
e Thickness: 0.1; e
e Loft Factor: 0.5; [ ] Add Draw
Click Apply. N |U.|;L
Loft Factor (0.5

Starting calculation

2. Set the type of the problem to be solved.

Select calculation setting section on Command Panel (Mode — Calculation settings, Calculation settings —
Static, Static — General). Select:

e Dimension: 3D;
e Model: Elasticity.
Click Apply.

3. Set the solver settings.

Select calculation setting section on Command Panel (Mode — Calculation settings, Calculation settings —
Static, Static — Solver). Select the solver method (direct or iterative) and set Convergence Parameters in
case of choosing an iterative one. You can also leave all the settings by default. Click Apply.

4. Set the reaction force calculation

Go to the tab Static - Output fields and set the checkbox
Calculate nodal and reaction forces. Command Panel B X

Click Apply. Mode - Calculations Manager

Click Start Calculation. ’ @ @ = H % ‘[d

Note: Without setting the checkbox Calculate nodal and Calculations Manager - Results
reaction forces, the field is not calculated. - 1

5. In a pop-up window select a folder to save the result and - Q
enter the file name.

6. If the calculation is finished successfully, you will see a

D: jworkftest.pvd

message in the Console: “Calculation finished successfully "] Openin new window

at <date> <time>". Open last result
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Results analysis

1. Open the file with the results. You can do this in one of the three ways.
o Click Ctrl+E.

e Select Calculation — Open Results in the Main Menu. Click Open last result.

e Select Calculations Manager on Command Panel (Mode — Calculations Manager, Calculations

Manager — Results). Click Open Results.
2. Display the u, component of the displacement field.
In Fidesys Viewer window set the following parameters on Toolbar:
e Representation Mode: Surface;
e Representation Field: Displacement;

e Representation Component: 3.

< Displacement - | |3 - | | | |5urface -

The field of displacements distribution along the Z axis will be displayed on the model

3. Check the numerical value of the maximum displacement.

Display maximum Component 3 of the Displacement

() O0N)

-2 00e (07
-4 (e 007
£.00e007
-8 00e-007

= _1.00e-0006

=1, 20e-006
-1, 21006

2,
Ao FIDESYS

The difference between the resulting value -1.21e-6 and the required -1.19e-6 is 1.7%

field.
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4. Check numeric values of moments in the center of the plate.

Display component 11 of the MomentsShell field.

| 2 MomentsShell - | |11 - | | | |Sur1".::::e -

Pipeline Browser g X
1
[ builtin:

Select the filter Probe Location (Filters — Alphabetical -
Probe Location) in the Fidesys Viewer Main Menu. In the tab i
Properties set the following values: @ @testpvd

. @ F'rcnl:neanaﬁnn]_
e Point: (0,0,0);

e Number of Points: 1;

e Radius: 0.

Information | Display | Properties

Properties H X
F Apply () Reset | 3L Delete | ?
Probe Type |Fixed Radius Point Source |
Show Point | Center on Bounds |
Poimt |u | |U | |U |
Mumber of Points | 1 E"
Radius |U |
Go to the Information tab and look at the MomentsShell field.
Data Arrays
Current data time: 1
Marme Data Type Data Ranges &
2 Displacement double [0, 0], [0, 0], [-1.20893e-06, -1.20893e-06]
2 External force double [0, 0], [0, 0], [-100, -100]
@ External_moment  double [0, 0, [0, 0], [0, 0]
2 |nitialNodelD int [1,1]
2 Materiallndex int [0 0]
o MiddleSurfaceForces double [0, 0, [0, 0], [0, 0, [0, 0], [401.192, 401.192], [-110.047, -110.047]
o MomentsShell double  [258.58, 258.58], [326.129, 336.129] [D, 0], [-1.26480-13, -1.26489-12], [0, 0], [0, 0] |
2 MNodal_force double [0, 0], [0, 0], [-100, -100]
2 MNodal_moment double [1.20792e-13, 1.20792e-13], [1.24345e-14, 1.24345e-14], [0, 0]
© Reaction_force double [0, 0], [0, 0], [0, 0] hd

o S

The difference between the resulting values (M,=258.58 and M,=336.129) and the required (M=252 and
My=332) is 2.6% and 1.2%, relatively.

5. Open 3D-image of the shell.

To display 3D-view of the beam cross section, set the focus on the calculation title and click the button

in the Fidesys Viewer standard line.
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YeueBE
Yipeline Browser
ﬁ builtin:
> SOEEm
® [T-

A new file example 4_3D.pvd will be opened and you will be able to apply various filters to it and to view its
deformed view.

Choose the new file example_3D.pvd in the Model Tree and display Filters — Alphabetical - Warp by Vector
for it with the following fields values

e Vectors: Displacement
e Scale Factor: 2e5

On the Toolbar, set once again the following parameters for the deformed type:

2 Stress - | |22 - | | | |5urface With Edges - |

The first buckling mode will be displayed on the screen but the shell will be enveloped with thickness.
Pipeline Browser & X ‘ Layout #1 X | +”|
ﬁ builtin: ‘3’ sll=1][ <
@ W test7.pvd
e >3 i@ Probelocation1
@) test7_30.pvd

1
E N oty Vectord

j Information Display Properties :A
Properties & X
# Apply @ Reset [ 3 Delete ‘ [ ? ‘

Vectors ‘, Displacement 5

Scale Factor |2e5

To apply all of the filters changes automatically, click Apply changes to parameters automatically on
Command Panel.

&
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6. Download numerical data.

Select File — Save Data in the Main Menu or click Ctrl+S. Enter the file name (*.csv format), leave it by
default. Click OK. The saved file is an ordinary table of numerical data which can be opened in any text
editor.

Using Console Interface

For geometry generation, meshing, setting boundary conditions and materials you can use Console
Interface. The following program code allows performing the steps of the above-described guide, you only
need to manually specify the full path and name of the file to be saved.

Here is an example of the working script (the file is saved in D;/FidesysBundle/calc/example.pvd):

reset

set node constraint on

create surface rectangle width 1 zplane

surface 1 scheme Polyhedron

surface 1 scheme Polyhedron

mesh surface 1

create displacement on curve 1 3 dof all fix ©

create displacement on curve 2 4 dof 1 dof 2 dof 3 fix ©
create pressure on surface 1 magnitude le4

undo group begin

create material "Material 1" property_group "CUBIT-FEA" description "Hook material”
modify material "Material 1" scalar_properties "MODULUS" 2e+11 "POISSON" 0.3
undo group end

set duplicate block elements off

block 1 surface 1

block 1 material 'Material 1'

undo group begin

block 1 attribute count 2

block 1 attribute index 1 value 0.1

block 1 attribute index 2 value 0.5

undo group end

analysis type static elasticity dim3

spectralelement off

usempi off

solver method auto try other off

output nodalforce on midresults on

calculation start path "D:/FidesysBundle/calc/example.pvd"

In a pop-up window of the main menu select File — Open and open the necessary journal file.

E It is also possible to run the file Example_4 Static_Shelljou by selecting Journal Editor on Toolbar.
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Hydrostatic pressure on cylinder (setting boundary conditions according to
coordinates)

Societe Francaise des Mecaniciens, Guide de validation des progiciels de calcul de X
structures, (Paris, Afnor Technique,1990) Test No. SSLS08/89. I-Deas Model R b_%___
Solution Verification Manual / A B

The problem of hydrostatic load of the cylindrical shell is being solved. The Y 7

picture represents a geometric model of the problem: radius 1 m, shell
thickness 0.02 m. The shell is fixed on the condition of the symmetry. The
plate is loaded by the pressure p = 20000-z/L Pa.

Test pass criterion is the following: displacement u, at the point (0, R, L) is

2.86-10°¢ m.

c::ﬂ 1
Geometry creation
1. Create the cylinder of 1 m radius and 4 m high. Command Panel F X

. . Mode - Geometr
Select volume geometry generation section on Command Panel !

(Mode — Geometry, Entity — Volume, Action — Create). Select ’ @ @ = % T

Cylinder in the list of geometric elements. Specify the cylinder

dimensions: Entity - Volume
e Height: 4; E’i Q /" & @ g
e (Cross section: Circular; y
e Radius: 1.
Action - Create
Click Apply.

am S e RE
& X

Cylinder -

Height |4

(@) Circular () Elliptical

Radius | 1

2. Get the cylindrical shell out of the volumeric cylinder.

Select the volume removing section on Command Panel (Mode — Geometry, Entity — Volume, Action —
Delete). Enter the number of the created volume - 1 into the field Volume ID(s). Put a tick against Keep
lower geometry.

Click Apply.
As a result, three plane bodies (Body 1, Body 2, Body 3) are obtained.
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This will be displayed in the Model Tree.

Power Taals
Ve | @2 | ¥
Current View |Full Tree v
Name D~ pr A

[» % Surface 1
4 2 Body3
i % Surface 2
4 2 Body4
[» % Surface 3
o L
£ >
[ |
Command Panel B X
3. Delete side surfaces Surface 2 and Surface 3. Mode - Geometry

Select the surface removing section on Command Panel (Mode
— Geometry, Entity — Surface, Action — Delete). Enter
numbers - 2 3 in the window Surface ID(s).

Click Apply.

29D =

&
8

Entity

- Surface

P S &

&

A S & R B

Surface

o [E—

[ ] Keep Lower Geometry

®

2
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As a result, only the lateral cylindrical shell of 1 m radius and 4 m high will remain of the initial volume.

Power Tools
M & | |

Current View |Full Tree

Mame 1N

P Volumes
4 2 Sheet Bodies
> & Body 2 2
s Groups
> B Boundary Conditions
> Q Materials
E Blocks
HE Side Sets

]1':{’ Mode Sets
£

4, Leave a quarter of a shell (symmetry of the problem).

Select volume geometry generation section on Command Panel (Mode — Geometry, Entity — Volume,
Action — Webcut). Select Plane in the list of possible webcut types. Set the following parameters:

e Body ID: 2 (the body to be webcut);
e Webcut with: YZ Plane;
e Offset value: 0.

Click Apply.

Do the same for the ZX Plane.
e Body ID: 2 (the body to be webcut);
e Webcut with: ZX Plane;

e Offset value: 0.
Click Apply.
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Power Tools g X
b Y- S N "

Current View |Full Tree -

Mame D Pr ™

@ Volumes
4 2 Sheet Bodies

4 2 Body 2
> % Surface 6

4 2 Body s
> % Surface 5

4 2 Body6
> Surface7
» o b Groups W

< >

— oL oL

As a result, the original Body 2 in the Model Tree is split into three (Body 2, Body 5 and Body 6).

5. Delete surfaces Surface 5 and Surface 6.

Select the surface removing section on Command Panel (Mode — Geometry, Entity — Surface, Action —
Delete). Enter numbers - 5 6 into the window Surface ID(s).

Click Apply.

Command Panel B X
Mode - Geometry

299w

Entity - Surface

N IR A
&

Action - Delete
m A Sy R B

Surface ID(s) (56
|:| Keep Lower Geometry

R sy
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As a result, only a quarter of the original shell Body 6 (Surface 7) is left.

Power Tools
b A S B N "

Current View |Full Tree

Mame 1N}

P Volumes
4 2 Sheet Bodies
4 2 Body6 &
I <%+ Surface7 7
[ 0 Groups
D% Boundary Conditions
[+ Q Materials
3 Blocks

BB Side Sets
£

Command Panel B X
Mode - Geometry

399 =T =

Entity - Surface

6. Move the surface to the coordinate origin.

Select surface geometry modification section on Command Ei Q /- :{ & g

Panel (Mode — Geometry, Entity — Surface, Action — Modify).
Select Move in the list of possible webcut types. Set the f}
following parameters:

Action - Transform

?ﬁﬂﬁﬂﬁl

e Surface: 7 (the surface to be moved);

e Checkbox Distance;

e 7 Distance: 2. Move A
Click Apply. Surface ID(s) |7
Indude Merged
Select Method

) To Coordinates
() To Entity

(@) Distance
(") In Direction Of Surface Mormal
() General Location

X Distance

Y Distance

Z Distance | 32|
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e —
Meshing

1. Specify the parameters of mesh refinement.

Select meshing on curves section on Command Panel (Mode — Mesh, Entity — Curve, Action — Meshing).

Split the cross-cut curves Surface 17 and Surface 18 into 10 elements.

e Select Curves: 17 18 (or click the mouse while holding down the Ctrl key on contour of the cross-cut
curves);

e Select the way of meshing: Equal;
e Select splitting settings: Interval;
e Specify interval number: 10.
Click Apply.
Split longitudinal curves Curve 5 and Curve 16 into 20 elements.

e Select Curves: 5 16 (or click the mouse while holding down the Ctrl key on contour of the longitudinal
curves);

e Select the way of meshing: Equal;
e Select splitting settings: Interval;
e Specify interval number: 20.

Click Apply.

2. Create the mesh.

Select the surface mesh generation section on Command Panel (Mode — Mesh, Entity — Surface, Action —
Intervals).

e Select Surfaces to Mesh (specify their ID)): 7 (or by the command all);
e Select meshing scheme: Automatically Calculate.

Click Apply.

Click Mesh.

The resulting number of elements can be viewed in the Property Page by clicking on the inscription Surface
7 in the Model Tree on the left.

To view the mesh properties, you can follow these steps:
e Select the entire model
e Right-click on the model

e In the pop-up menu, select List Information - List Mesh Info

e Information on the mesh will be displayed in Command Line
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Power Tools
bt - S

Current View |Full Tree

?

£

Mame
@ Volumes

4 2 Sheet Bodies
4 2 Body6

|>| < Surface 7

[+ L Groups
<

Surface 7

Properties Page
Perform Action

a2 ?HES

Property

Surface Area

Meshing
Is Meshed
Murmber of Elements
Mumber of Nodes
Requested Intervals
Requested Size
Meshed Area
Mesh Scheme
Smooth Scheme

Yalue

calc

200

i1

Mot Set
calc

calc
Map
Winslow

Command Line

Element_Type Interior Boundary Total
Face 200 0 200

Aprepro Editor

Edge 370 60 430
Mode 341 120 661
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Command Panel g x
Setting material and element type Mode - Blocks and Materials
. =
1. Create the material. ‘ . @ @ T
Entity - Material

Select setting the material properties section on Command Panel (Mode @ @ E % I
— Blocks and Materials, Entity — Material, Action — Create Material). Set
the following parameters: Action - Create Material

e Name: Materiall; af = Q ‘@

e Property group: Hook material; Nome: | Materdlt

Description: | o oke material

e Young’s Modulus: 2.1e11;

e Poisson’s Ratio: 0.3. [ setm
[] copy Material material 1 -
Click Apply.

Property Group: |Hook Material -

Property Value
Young's Modulus 21e11
Shear Modulus
Poisson's Ratio 0.3
Density
Specific Heat
Conductivity
Coeff. of Thermal Expansion
Yield Strength in tension
Ultimate Strength in tension

Ultimate Strain in tension

Yield Strength in compression _ v
2

Command Panel " X
Mode - Blocks and Materials

2. Create the block of one type of the material.
29I s T =
Select setting the material properties section on Command Panel (Mode ity -Hock
— Blocks and Materials, Entity — Block, Action — Manage). Select Add
in the list of possible operations. Set the following parameters: C‘t @ E % I
e Block ID: 1; e —
e Select the entities to be united into block: Surface; (m x @
e |D: 7 (or by the command all). |Add =
Click Apply. i |
Select
) Group () Tet
() volume () Face
(@ Surface O i
) Curve () Edge
() Vertex () Node
() Hex
DE (4

[ Allow Blocks to Contain Duplicate Elements

[] Reset All Blocks Reset

2@
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Command Panel B X
Mode - Blocks and Materials

3299sL =
Entity - Block
3. Assign the material to the block. LE IS
Select setting the material properties section on Command ‘ij x @
Panel (Mode — Blocks and Materials, Entity — Block, Action —
Manage). Select Assign Material to Block in the list of possible |A55;gn Material to Block - |
operations. Set the following parameters:
Block ID(s) | 1] |
* Block(s) ID:1; Available Materials
o Select the previously created material in the list: |materia| 1 = |
Material 1.
Click Apply.
Command Panel g X

Mode - Blocks and Materials

3299 s T =
4, Assign the shell thickness. Entity - Block

Select setting the material properties section on Command @ @
Panel (Mode — Blocks and Materials, Entity — Block, Action -

Manage). Select Shell thickness in the list of possible Action - Manage
operations. Set the following parameters: D ﬁ %
e Block ID: 1;
e Screen: normal; ' Shell Thickness -
e Thickness: 0.02; Block ID(s) |1 |
e Loft Factor: 0.5. Display
Click Apply. g :::;:Lm
Scale 1.0

[ ]use Constant Color
Pick Color

e

Thickness | 0,002 |

Loft Factor |0.5
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Command Panel B X
Mode - Blocks and Materials

Select setting the material properties section on Command
Panel (Mode — Blocks and Materials, Entity — Block, Action — ‘ 9 @ = @ t}

Manage). Select Element type in the list of possible operations.

5. Assign the element type to the block.

. Entity - Block
Set the following parameters: & -B

e Block(s) ID: 1; q @

e Select: Surfaces; Action - Manage

e Surfaces: Shell8. 1 22

Click Apply.

&1

|E|v.=_-ment Type - |

Block ID(s) |1 |
Select
() Modes () Curves
(® Surfaces ) volumes

Surfaces

() Quad () Shell (3T () Trishel
() Quad4 () shelld () T3 () Trishel3
() Quads (@ shella () Tris () Trishells
() Quada () shels () 7 () Trishel7
() Quadg () HexShel

Setting boundary conditions
1. Fix the cross-cut curve Surface 17 by the symmetry condition.

Select Mode — Boundary Conditions, Entity — Displacement, Action — Create on Command Panel. Set the
following parameters:

e System Assigned ID;

e Entity List: Curve;

o Entity ID(s): 17 (or click on the cross-cut curve);

e Degrees of Freedom: Z-Translation; X-Rotation; Y-Rotation.

Click Apply.

2. Fix the longitudinal curve Curve 5 on the symmetry condition.

Select Mode — Boundary Conditions, Entity — Displacement, Action — Create on Command Panel. Set the
following parameters:

e System Assigned ID;
e Entity List: Curve;

o Entity ID(s): 5 (or click on the longitudinal curve);

e Degrees of Freedom: X-Translation; Y-Rotation; Z-Rotation.

Click Apply.
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Command Panel F X
Mode - Boundary Conditions
3. Fix the longitudinal curve Curve 16 by the symmetry condition.
o | 3299 =5 =
Select Mode — Boundary Conditions, Entity — Displacement, Action — —
Create on Command Panel. Set the following parameters: S e s
LRI EY S
e System Assigned ID; | 'b = E
e Entity List: Curve; &Y |=|Z|m|
e Entity ID(s): 16 (or click on the longitudinal curve); Action - Create
e Degrees of Freedom: Y-Translation; X-Rotation; Z-Rotation. a j2! E— EE@ 22
Click Apply. T
() New ID
D MName

(®) System Assigned ID

Entity List

(®) Volume () Curve () Node
() surface () Vertex () Modeset

Command Panel 8 x Entity ID(s) |16
Mode - Boundary Conditions Degrees Of Freedom
[T an

[ %Translation Disp [ x-Rotation Disp
Y-Translation Disp [ ¥-rotation Disp
[ z-Translation Disp [ Z-Rotation Disp

299 s T

Entity - Pressure

a

:l'- E ":’ = H =2 DOF Value |
g ,g = : EH |£ [] specify Combination
® Overwrite Average

Action - Create Smallest Largest

<. .: ]

o 2= v R =
IDMame
() New ID . ) )

4, Apply pressure to the cylinder inner surface with value

D MName of 1

(®) System Assigned ID . . .
Select Mode — Boundary Conditions, Entity — Pressure, Action —

Pressure Entity List Create on Command Panel. Set the following parameters:

(®) Surface T )

) curve O FacefOuad e System Assigned ID;

() Sideset () Edge e Entity List: Surface;
Entity IDE) |7 | o Entity ID(s): 7 (or click on the cylinder surface);
Magritude Value |1 | e Value: 1.

[ interpret value As

8 Use Pure Pressures Click Apply.

|Use Total Force
[ ] Apply Pressure On
® Top

Bottom
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|
5. Set pressure dependency of the z-coordinate.
Select Mode — Boundary Conditions, Entity — Set time/coordinates dependency of BC on Command Panel.

In the pop-up window BC Dependency, set the following parameters:

e BC name: Pressure 1;

e Select checkbox Formula, Manually;

e In the field below, enter -20000*z/4.
Click Apply.

BC MName D Formula | Table | Plot |
=4 Displacement 1
Custom
&4 Displacement 2
=4 Displacement 3 |—2m‘z!4
|m Pressure 1

e ||+ [l - L = | 2 [ »

sn || s || @ || st ||MaBQ || ()

ssn | aos || sen || ee (| kg || legw

sh || esh || woh || s | el || foor

BC Name D Table Plot
=4 Displacement 1
&4 Displacement 2
&4 Displacement 3
|m Pressure 1
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Command Panel ]
Starting calculation Mode - Calculation settings
1. Set the type of the problem to be solved. ’ g @ =S @ T
Select calculation setting section on Command Panel (Mode — Calculation settings - Static
Calculation settings, Calculation settings — Static, Static — 13l @
General). Select: 5| 7@ %D ﬁ %

e Dimension: 3D; Static - General

e Model: Elasticity. | =i | 5£
Click Apply' Dimensions: 30 -
Click Start Calculation. [] Use spectral elements method
In a pop-up window select a folder to save the result and enter [ us=MPI
the file name. Model
If the calculation is finished successfully, you will see a message Elasticity
in the Console: “Calculation finished successfully at <date> <time>”. [] Plasticity

[] Heat transfer
[] Finite deformations

Results analysis [] Contact
1. Open the file with the results. You can do this in one of [ sctnonlinesr aptions
the three ways.
y ;@ Apply
e Click Ctrl+E.
Start Calculation

o Select Calculation — Open Results in the Main Menu. Click
Open last result.

e Select Calculations Manager on Command Panel (Mode — Calculations Manager, Calculations
Manager — Results). Click Open Results.

2. Display the Uz component of the displacement field on the model.
In Fidesys Viewer window set the following parameters on Toolbar:

e Representation Mode: Surface;

e Representation Field: Displacement;

e Representation Component: 3.

3. Compare the numerical value of the target displacement at the point (0,1,4) with the initial one of
the source -2.86e-6.

Select Filters — Alphabetical — Probe Location. In the tab Properties, set the following parameters for the
filter:

e Point (0,1, 4);

e Number of Points: 1;

e Radius: 0.
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Fipeline Browser B X Llayout #1 X 3
T -
[ builtin: Ea =hf]
|

@ W tests.pvd

|
-9 - |Probelocationl

Information Display Properties

Properties &g X
= Apply ) Reset i Delete ?
Probe Type Fixed Radius Point Source -
Show Point Center on Bounds
Point | 0 1 4
MNumber of Points | 1 =
Radius a

Note: Move mouse and use 'P* key to change
point position

Go to the tab Information. We are interested in the field Displacement - the third component:

The difference between the resulting value -2.85709e-6 and the required -2.86e-6 is 0.1%.

Information Display Properties
[nformation 8 X

Statistics

Type: Polygonal Mesh
Mumber of Cells: 1
Number of Points: 1
Memory: 0,015 MB

Data Arrays
Current data time: 1
i Bilielineliiiiai a

( 2 Displacement double [0, 0], [4.75279e-06, 4.75279e-06], [-2.85709e-06, -2.8570%-06] |]

BT T

o Materiallndex int [0, 01

o MiddleSurfaceForces double  [20048.6, 20048.6], [0.00113967, 0.00113961], [19.8983, 19.8983], [-5.92942, -5.92942], [0.985018, 0.985019], [6.17774, 6..

2 MomentsShell double [0.662874, 0.6623874], [9.66444e-09, 9.66444e-09), [-0.0140937, -0.0140937], [-8.00394e-05, -8.00394e-05], [-2.59895e-...

< Rotation double [-1.03062e-06, -1.03062e-06], [0, 0], [0, 0]

© Strain double  [4.772082-06, 4.77206e-06], [-1.43347¢-08, -1.43347e-06), [-1.42731e-06, -1.42731e-06], [-2.0525e-09, -2.0525¢-08], [3...

< Stress double [1.00243e+06, 1.00243e+06], [0,0569803, 0.0569803], [994.916, 994.916], [-296.471, -296.471], [49.7509, 49.7509], [302....

o StressBottomSide  double  [1.0123%e+06, 1.01238+06], [0.0571253, 0.0571253], [782.511, 783.511], [-297.671, -207.671], [40.747, 40.747], [341.17...

© StressTopSide double [992429, 992489], [0.0568353, 0.0568353], [1206.32, 1206.32], [-295.27, -295.27], [49.7548, 49.7548], [276.601, 276.601] v
Bounds

Xrange: 0 to 0 (delta: 0)
Yrange: 1to 1(delta: 0)
Zrange: 4to 4 (delta: 0)

You can see the way the body is deformed under the applied pressure.
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Select the filter Warp By Vector to do this. Set the following parameters in the tab Properties:
e Vectors: Displacement;
e Scale Factor: 1e5.

As a result, the deformed body is displayed at the picture.

Select the following display settings for the deformed view:

2 Displacement - | |Magr1i1udn v| | | |5ur1'ace With Edges -

To see the original model, click the icon near the model in the Model Tree.

Consider the direction of the coordinate axes in the picture.

4. Download numerical data.

Select File — Save Data in the Main Menu or click Ctrl+S. Enter the file name (*.csv format), leave it by
default. Click OK. The saved file is an ordinary table of numerical data which can be opened in any text
editor.
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5. Get the original cylinder using reflection.

In the Model Tree, click on test.pvd. Then, in the Main Menu, select Filters — Alphabetical — Reflect. Set
the following parameters in the tab Properties:

e Plane: X

e (Center: 0.

In the Model Tree, select now Reflectl and then again Filters — Alphabetical — Reflect. Set the following
parameters in the tab Properties:

e Plane:Y
e C(Center: 0.

You received completely original cylinder by reflecting % part.

Pipeline Browser & X | Llayout#1X + |
L Wl =
ﬁ builtin: 81 &% B @

@ ﬁtesta.pvd

@ & ProbelLocation1
@ @ warpByVector3
@ ) Reflect1

> OXEH

 Information i Display | Properties

Properties
+ Apply ) Reset 3¢ Delete

Plane Y
Center . 0

Copy Input

Using Console Interface

For geometry generation, meshing, setting boundary conditions and materials you can use Console
Interface. The following program code allows performing the steps of the above-described guide, you only
need to manually specify the full path and name of the file to be saved.

Here is an example of the working script (the file is saved in D;/FidesysBundle/calc/example.pvd):

reset

set node constraint on

create Cylinder height 4 radius 1
delete volume 1 keep_lower_geometry




r;) CAE Fidesys — User Guide (version 1.6)

delete Surface 2 3

webcut body 2 with plane xplane offset @ preview
webcut body 2 with plane xplane offset ©

webcut body 2 with plane yplane offset © preview
webcut body 2 with plane yplane offset ©

delete Surface 5 6

move Surface 7 preview z 2 include_merged

move Surface 7 z 2 include_merged

curve 17 18 interval 10

curve 17 18 scheme equal

curve 5 16 interval 20

curve 5 16 scheme equal

surface all size auto factor 5

mesh surface all

list Surface 7 mesh

undo group begin

create material "material 1" property_group "CUBIT-FEA" description "Hook material”
modify material "material 1" scalar_properties "MODULUS" 2.1e+11 "POISSON" 0.3
undo group end

set duplicate block elements off

block 1 surface 7

block 1 material ‘'material 1°'

block 1 element type shell8

undo group begin

block 1 attribute count 2

block 1 attribute index 1 value 0.02

block 1 attribute index 2 value 0.5

undo group end

block 1 element type shell8

create displacement on curve 17 dof 3 dof 4 dof 5 fix
create displacement on curve 5 dof 1 dof 5 dof 6 fix
create displacement on curve 16 dof 2 dof 4 dof 6 fix
create pressure on surface 7 magnitude 1

bcdep pressure 1 value '-20000*z/4'

analysis type static elasticity dim3

spectralelement off

usempi off

calculation start path "D:/FidesysBundle/calc/example.pvd"
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Static loading (2D, Kirsch problem)
Cedos /1.M. “MexaHuka cnnowHol cpedsl, mom 2”. M.: Hayka, 1970e., 568 cmp.

[Sedov L.1, Continuum Mechanics, Volume 2, Nauka, Moscow, 1970, 568 pages [in Russian]]

R LI

2D problem of one-sided tension of a plate with a circular hole is
regarded. The picture represents a geometric model of the problem: side
length is 10 m, hole diameter is 0.5 m. The load Po= 1 MPa is applied on
the edges.

O

In view of the symmetry of the problem, % of the plate is considered.

Test pass criterion is the following: Stress o4 at the point E (0.25;0;0) is
3 MPa within 3%.

BITTTTITTTTTITT

Geometry creation

1. Create the square 10 on side.

Select volume geometry generation section on Command Panel (Mode — Geometry, Entity —Surface, Action
— Create). Select Rectangle in the list of geometric elements. Set the parameters:

e Width: 10;
o Height: Optional.

e Z-plane
Click Apply.

Note: 2D problems for Quad/Quad4/Quad8/Quad8 and Tri/Tri3/Tri6 elements are to be solved if only the
model is in the Z-plane.

Command Panel g X
Mode - Geometry

3299 =

Entity - Surface

P S M kBT

&l
2

| Rectanale - |

Width | 10] |

Height

(Optional) |

() ¥Plane () YPlane (®) ZFlane

2 &
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2. Create the circle with a radius 0.25. |Eirde -

Select volume geometry generation section on Command
Panel (Mode — Geometry, Entity —Surface, Action — Create).
Select Circle in the list of geometric elements. Set parameters:

e Radius: 0.25; Radius |0.25 |

e Z-plane. ) ¥Plane () ¥Flane (@) ZFlane

Click Apply.
2 D

Spedfy Cirde Using
® Radius () Center Vertex () Vertex List

Command Panel & X
3. Subtract the circle from the square. Mode - Geometry

Select volume geometry generation section on Command ‘ . @ =

Panel (Mode — Geometry, Entity — Volume, Action —
Boolean). Select Subtract in the list of operations. Set Entity - Volume

parameters: m ¢ /— * 3

e Body ID: 1 (or click on the square)
e Subtract bodies (ID): 2 (or click on the circle) y

&l
8

@

Click Apply. Action - Boalean

—
¢-€¢

. Body ID(s)

Body ID(s) |2i

[ | Keep Criginals
|:| Imprint

2 @ reven | aonly
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4, Leave a quarter of the plate.

Select volume geometry generation section on Command
Panel (Mode — Geometry, Entity — Volume, Action —
Webcut). Select Coordinate Plane in the list of possible
webcut types. Set the following parameters:

e Body ID: 1 (or click on the plate);
e Webcut with: YZ Plane;
e Offset value: 0.

Click Apply.

Do the same for the ZX Plane. Set the following parameters:

e Body ID: 1 (or click on the right plate);
e Put the checkbox for ZX;
e Offset value: 0.

Click Apply.

Command Panel

Mode - Geometry

3

9

&
Q

Entity -

Volume

N

<

-~

&

Action - Webcut

[

&

&

|Cunrdinate Plane

Body ID(s) |1

Yz

Offset Value | 0

)z

Xy

As a result, the original surface in the Model Tree is split into three (Body 1, Body 3 and Body 4).

Power Tools 5 X
e (@ ||

Current View |Fu|| Tree A |

)

Marme v Prope
@ Volumes
4 2 Sheet Bodies
I & Body 1 1
I & Body 3 3
> & Body4 4
[+ 43 Groups
- ER Boundary Conditicns
[ Q Materials
@ Blocks
HE SideSets
E{ Mode Sets
BE Boundary Layers

£ >
Body 4

Properties Page A X

Perform Action v
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Delete surfaces 1 and 3. To do this, holding down the Ctrl key, select the volumes in the Model Tree and
click Delete in the context menu. As a result, a quarter of the original plate is left (Body 4):

|Eorrrnand Panel A X

. Mode - Mesh
Meshing

1. Select meshing on curves section on Command Panel ‘ .‘ @ = @ tl

(Mode — Mesh, Entity — Curve, Action — Meshing). Specify
the following parameters:

Entity - Curve

o Select Curves: 22 20 7 (or clicking on the bottom and . * /‘ * “ 5
left edges of the plate and on the circle outline while -
pressing the key Ctrl); Sl H | A — | + 5@;

e Select meshing scheme: Bias; I
e In the drop-down list below, select: First Size & Bias;

e The first size: 0.01;

e Bias Factor: 1.15; h 9 p . x H

Action - Mesh

e Start Vertex ID: 18 8.
Click Apply size.
Click Mesh. Select Curves
027 |

) Get Settings For Curve 20 Get Settings

Select surfave mesh generation section on Command
Panel (Mode — Mesh, Entity — Surface, Action — Meshing). |Bias ,|
Specify the following parameters:

First Size &Bias v

e Choosing surfaces: 7 (or all); [ Dual Bias
e Select meshing scheme: Polyhedron; First Size 0.01 |
Click Apply. BiasFactor | 1.15 |
Click Mesh. - D .

Start Vertex ID | 18.8 |

Modify Curve Sense
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*‘r"
LAY
3. In the Model Tree, select Plane bodies — Body 4 - Surface 7. Below, on the Property Page you can
see the number of elements for the generated mesh.
Properties Page = Xl
Perform Action
Property Value
4 General
Id 7
Type Surface
Marne Surface 7
Idless Signature calc
Color Mot Set
Power Tools (=2 S Geometry
L0 Is Merged Mo
E !' | u | i' | *‘ | Is Virtual Mo
Current View |FL.HTrEE - | Engine AC
Surface Area calc
Marne 0 - Pr A@MicT}rpe plane surface
4 Meshing
@ Volumes . ;
4@ SheetBodies
4 E d 4 4 g el O [NoOes aEd B
3 gy Requested Intervals Mot Set
% Surface7 7 Requested Size 0.47988 (N)
I 4 Groups W Meshed Area cale
< B 3 Mesh Scheme Palyhedron
Smooth Scheme Winslow
Surface 7
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Setting boundary conditions

1. Fix the bottom edge by the symmetry condition.

Select Mode — Boundary Conditions, Entity -
Displacement, Action — Create on Command Panel. Set the
following parameters:

e System Assigned ID;
e Entity List: Curve;
e Entity ID(s): 20 (or click on the bottom edge),
o Degrees of Freedom: Y-Translation;
e DOF Value: 0.
Click Apply.

2. Fix the left edge on the symmetry condition.

Select Mode — Boundary Conditions, Entity -
Displacement, Action — Create on Command Panel. Set the
following parameters:

e System Assigned ID;
e Entity List: Curve;
o Entity ID(s): 7 (or click on the left edge);

o Degrees of Freedom: X-Translation;
e DOF Value: 0.
Click Apply.

Command Panel
Muode - Boundary Conditions

299 ~L =&
Entity - Displacement
(=
| B P | = §
4| Y = Z ||
Action - Create
0 a
ol ®m =R
]
1D/Mame
() Mew ID
D MName
(®) System Assigned ID
Entity List
(®) volume () Curve () MNode
() Surface () vertex () MNodeset
Entity ID(s) | 20
Degrees Of Freedom
7 an

[] %-Translation Disp
Y-Translation Disp
[] z7ranslation Disp

[] %-Rotation Disp
[] v-Rotation Disp
[] Z-Rotation Disp

DOF Value |0

[] specify Combination

® Overwrite Average
Smallest Largest
Bk
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E—————S—— ———
Command Panel g X

3. Apply uniform pressure to the surface. Mode - Boundary Conditions

Select Mode — Boundary Conditions, Entity — Pressure, Action — ‘ . @ = %
Create on Command Panel. Set the following parameters:

Q

Entity - Pressure

e System Assigned ID;

e Entity List: Curve; :L E 'b = ﬁ
e Entity IDs): 11; 4| Y | =| = |
o Value: -1le6; Action - Create
Click Apply. . b—
aemEr R
ID/Mame
() Mew ID
() Mame

(®) System Assigned ID

Pressure Entity List

() surface () i
Command Panel f X @ Curve () FacefQuad
Mode - Blocks and Materials () sideset O Edge
‘ . @ = % tl Entity D) |11 |
Entity - Material Magnitude Value | -1eg] |
PR TEe s Setting material and element type
ol = Q {@ 1. Create the material.

| Select setting the material properties section on Command

Mame: Materiall . . . .

Damé ; | S Panel (Mode — Blocks and Materials, Entity —Material, Action —

=STPRONE | Hook material Create Material). Set the following parameters:
e Name: Material 1;

[setm e Description: Hook material

[] copy Material Material 1 - )
e Property group: Hook material,

Property Group: |chk Material -
e Young’'s Modulus: 200e9;

Property Value *

Young's Modulus 200e0 e Poisson’s Ratio: 0.3.

Shear Modulus

Poisson's Ratio 0.3

Density Click Apply.

Specific Heat

Conductivity

Coeff. of Thermal Expansion
Yield Strength in tension

Ultimate Strength in tension

Ultimate Strain in tension

Yield Strength in cormpressicn _ y
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Command Panel B X
Maode - Blocks and Materials

= | B &

2. Create the block of one type of the material.

Select setting the material properties section on Command ’ g @

Panel (Mode — Blocks and Materials, Entity — Block, Action

ity - Block
— Manage). Select Add in the list of possible operations. Set i

the following parameters: ‘li @

e Block ID:1; _
Action - Manage
o Entity type to be united into the block: Surface; )
o ID:1 (or by the command all). D R @
Click Apply. Add d
Block ID |1 |
Select
I:::I Group D Tet
) volume i) Face
(® Surface () Tri
() curve ) Edge
() Vertex () Node
) Hex
3. Assign the material to the block. D) |:|r |

Select setting the material properties section on Command
Panel (Mode — Blocks and Materials, Entity — Block, Action

” . . X ' Assign Material to Block - |
— Manage). Select Assign Material to Block in the Llist of
possible operations. Set the following parameters: Block ID(s) | 1 |
° Bl.OCk(S) ID: 1: Available Materials
. . . . |Materia| 1 - |
e Select the previously created material in the list:
Material 1.
Click Apply.
|EIementType - |
4, Assign the element type. Hlock ID(S) |1 |
Select setting the material properties section on Command celect
Panel (Mode — Blocks and Maicerials, .Entity - I.3[ock, Actiqn - () Nodes ) Curves
Manage). Select Element Type in the list of possible operations. @ sufs O vo
Set the following parameters: Hriaces Hmes
Surfaces

e Block(s) ID: 1;

() quad ) shel (T () Trishell

e Select: Surfaces; () Quad4 () shell4

() Quads () shella
(@ Quads () shellg
() Quadg () Hexshel

e Element type: Quads.
Click Apply.

() i3 () Trishell3
() Tris () Trishells
(3 Ti7 () Trishell7
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Starting calculation

1. Set the type of the problem to be solved.

Select calculation setting section on Command Panel (Mode — Calculation settings, Calculation settings —
Static, Static — General). Select:

e Dimension: 2D;
e Type of plane problem: Plane deformed state;
e Model: Elasticity.

Click Apply.

2. Set the solver settings.

Select calculation setting section on Command Panel (Mode — Calculation settings, Calculation settings —
Static, Static — Solver). Select the solver method (direct or iterative) and set Convergence Parameters in
case of choosing an iterative one. You can also leave all the settings by default. Click Apply.

3. Set the reaction force calculation
Go to the tab Static - Output fields and set the checkbox Calculate nodal and reaction forces.
Click Apply.
Click Start Calculation.
Note: Without setting the checkbox Calculate nodal and reaction forces, the field is not calculated.
4. In a pop-up window select a folder to save the result and enter the file name.

If the calculation is finished successfully, you will see a message in the Console: “Calculation finished
successfully at <date> <time>”.

Results analysis Command Panel & X

1. Open the file with the results. You can do this in one SIlz-EDEOE TTEE

of the three ways. ‘ g @ = H % “g

o Click Ctrl+E.
Calculations Manager - Results
e Select Calculation — Open Results in the Main -

Menu. Click Open last result. i A

o Select Calculations Manager on Command Panel
(Mode — Calculations Manager, Calculations D: fwork/test.pvd
Manager — Results). Click Open Results. ("] open in new window

Cpen last result
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. . Pipeline Browser g X
2. Display the oy component of the stress field. ﬁ y
uiltin:
Select Filter — Alphabatical — Coordinate systems conversions. ., ‘testm,wd
Select in the tab Properties: @ ‘EConrdinateSysteannversions1§

e Scalar Array: Stress.

e (Cylinder axis: Z

Information | Display | Properties |

Properties A x
Scalar Array | @ Siress v|

To spherical coordinates
To cylindrical coordinates

Cylinder axis | Z v
In Fidesys Viewer window set the following parameters on Toolbar:
e Representation Mode: Surface;
e Representation Field: Stress cylindrical;
e Representation Component: FF.
@ Stress cylindrical - | |FF - | | | §|Surﬁ:::e -

On the model stress distribution field oy will be displayed in cylindrical coordinates.
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*—>
3. Check the numerical value of the target stress.

Click with the mouse on the name of the filter Coordinate systems in the Model Tree. Next, select Filter —
Alphabetical — Probe Location. In the Properties tab for the filter, set the following parameters:

e Point (0.25, 0, 0);
e Number of Points: 1;
e Radius: 0.

Pipeline Browser g X
ﬁl builtin:

@ ‘testlﬂ.pvd

& ‘CcordinateSystemConversionsl

@ ‘ Probelocationl

Information | Display | Properties |

Properties & x
= Apply @ Reset
Probe Type |Fixed Radius Point Source v |
Show Paint | CenteronBounds |
Paint 0,25 o o |
Number of Points | 1 E

Radius ol |
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Please, go to the Information tab. We are interested in the Stress field (cyl.) - the second component:

Data Arrays
Current data time: 1

MName Data Type Data Ranges 2
2 |nitialNodelD int [1447 1447]

@ Materiallndex int [0, 0]

@ Modal_force double [2.32831e-10, 2.32831e-10], [-4733.12, -4753.12], [0, 0]

o Reaction_force double [0, 0], [-4753.12, -4753.12], [0, 0]

@ Strain double [-5.84485e-06, -5.34485e-06], [1.37687e-05, 1.37687e-05], [0, 0], [-1.58924e-08, -1.58924e-08], [...

[ @ Stress cylindrical ifloat [ [15084.7, 15084.7], [3.03256e+06, 3.03256e+06], [914292, 914292], [-2444.99, -2444,99] [0, 0], [0,...

@& _Time double [0, 0]
& vtkValidPointMask char [1,1] W

The difference between the resulting value 3.05077e+06 and the required 3e6 is 1.6%.

EF To apply all of the filters changes automatically, click Apply changes to parameters automatically on
Command Panel.

4, Download numerical data.

Select File — Save Data in the Main Menu or click Ctrl+S. Enter the file name (*.csv format), leave it by

default. Click OK. The saved file is an ordinary table of numerical data which can be opened in any text
editor.

Using Console Interface

For geometry generation, meshing, setting boundary conditions and materials you can use Console
Interface. The following program code allows performing the steps of the above-described guide, you only
need to manually specify the full path and name of the file to be saved.

Here is an example of the working script (the file is saved in D;/FidesysBundle/calc/example.pvd):

reset

set node constraint on

create surface rectangle width 10 zplane

create surface circle radius 0.25 zplane

subtract body 2 from body 1

webcut body 1 with plane xplane offset ©

webcut body 1 with plane yplane offset ©

delete Body 1 3

curve 20 22 7 scheme bias fine size 0.01 factor 1.15 start vertex 18 8
mesh curve 20 22 7

surface 7 scheme Polyhedron

mesh surface 7

create displacement on curve 20 dof 2 fix @

create displacement on curve 7 dof 1 fix @

create pressure on curve 11 magnitude -1le+06

undo group begin

create material "Material 1" property_group "CUBIT-FEA" description "Hook material”
modify material "Material 1" scalar_properties "MODULUS" 2e+11 "POISSON" 0.3
undo group end

set duplicate block elements off

block 1 surface all

block 1 material 'Material 1°

block 1 element type quad8
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analysis type static elasticity dim2 planestrain
spectralelement off

usempi off

solver method auto try_other off

output nodalforce on midresults on

calculation start path "D:/FidesysBundle/calc/example.pvd"

pop-up window of the main menu select File — Open and open the necessary journal file.

E It is also possible to run the file Example_5 Static_2D.jou by selecting Journal Editor on Toolbar. In a
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Dynamic load (3D)

A dynamic problem of the wave propagation in a long rod is being solved. The problem has an analytic
solution which sets the dependency between the velocity of wave distribution in the rod and the material
parameters of the rod:

A+ 2u
p

a =

where a is the wave velocity, p is the density,
_ VE
(1+v)(1-2v)
E
=2+
E — Elastic Modulus(Young’s Modulus),
v — Poisson’s Ratio.

At the values E = 200 hPa, p = 7900 kg/m* and v = 0.3 the wave velocity according to analytic solution is
5717.41 m/s.

The picture below represents a geometric model of the problem:

M

The length of the rod is 100 m. Displacement along the normal to the rod’s sides (parallel to the axis X) is
constrained. The left butt is fixed along X axis. The pressure 100 MPa is suddenly applied to the right butt.

Test pass criterion is the following: stress oyy at the point D is -5.38MPa to within 1.5%.
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Command Panel =4

Geometry creation R

1. Create a sliver parallelepiped. ’ g @ = % tl

Select volume geometry generation section on Command Panel (Mode gy~ yoiume
— Geometry, Entity — Volume, Action — Create). Select Brick in the list

of geometric elements. Set the brick dimensions: Ei ¢ /- S @ @
&

e Width: 100;
o Height: 1; Action - Create
e Depth: 1. @ A Sy g ’
Click Apply.
@ X
Brick -
Brick Dimensions
¥ (width) | 100
¥ (height) | 1
Meshing 7 (depth) |1

1. Set the elements size.

Select volume mesh generation section on Command Panel (Mode — Mesh, Entity — Volume, Action —

Command Panel g X
Mode»-Mesh B | |
3991w
Entity - Volume

[ A SI4EN"E]
e mal-|+]@
=9

Action - Intervals

m & ? 2B R
HE s E e
Select Volumes

1

Approximate Size v

Approximate Size |0.5

Intervals):
e Select Volumes (specify their ID): 1 (or by the command all);
e The way of meshing: Approximate Size;

e Approximate Size: 0.5

Click Apply Scheme.
Click Mesh.
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Setting material and element type

1. Create the material. Command Panel 5 x
Mode - Blocks and Materials

= |5 &

Select setting the material properties section on Command

Panel (Mode — Blocks and Materials, Entity — Material, Action ‘ . @

— Create Material). Set the following parameters:

) Entity - Material
e Name: Materiall;

e Description: Hook material ‘@ 6 E % I

e Property group: Hook material, Action - Create Material

e Young’s Modulus: 200e9; in |2l Q @

e Poisson’s Ratio: 0.3.

MName: | Material

o Density: 7900
Click Apply.

Description: | e oke material

[]SetD <requested id=

[ ] Copy Material Material 1 -

Property Group: |Hook Material -

Property Value (N
Young's Modulus 2000
Shear Modulus
Poisson’s Ratio 03
Density 7900
Specific Heat
Conductivity
Coeff. of Thermal Expansion
Yield Strength in tension
Ultimate Strength in tension

Ultimate 5train in tension

Yield Strength in compression _ v
AR
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On the left panel a new material Materiall is displayed. Click on it to display the following constants of

materials on the Properties page below.

The parameters of materials on the properties page are available
for editing. Left-click on the editing window opposite the
inscription Density. Remove the 7900 value and enter the new
value 7800. Click ENTER. After this a message about changing of

constants of the material will be displayed in Command Line:
modify material 1 density 7800

*ower Tools

q X

@ | @ |2 | ¥

Current View | Ful Tree

Mame

& @ Volumes
I+ b Groups

4 Q Materials
o Q FEA Materials
% Material 1
@@ CFD Medias
Dﬂ Blocks
BB Side Sets
DE Mode Sets
it Boundary Layers

£

[ ﬁ Boundary Conditions

Material 1

*roperties Page
Perform Action

[T
RS
L

2 ? B

=

Property

4 General
Id
Idless Signature
Marme
Property Group

4 Scalar Properties
Young's Modulus
Shear Modulus
Poisson's Ratio
Density
Specific Heat
Conductivity

Wield Strennth in e

Coeff, of Thermal E...

Value

1
calc
Material 1
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2. Create the block of one type of the material.

Command Panel g X
Select setting the material properties section on Mode - Blocks and Materials
Command Panel (Mode — Blocks and Materials, Entity —
Block, Action — Manage). Select Add in the list of possible ‘ . g =~ % t)‘

operations. Set the following parameters: Entity - Black

e Block ID: 1; di @

e Entity type to be united into the block: Volume;

Action - Manage

o ID:1 (or by the command all).
Click Apply. 1] 9% @.

Add -
Block ID | 1 |

Select

() Group () Tet

(@ Volume ) Face

() Surface () i

() Curve () Edge

() Vertex () Mode

l:::l Hex

1) [ 1

[ ] Allow Elocks to Contain Duplicate Elements

3. Assign the material to the block.

Select setting the material properties section on Command Panel (Mode — Blocks and Materials, Entity —
Block, Action — Manage). Select Assign Material to Block in the list of possible operations. Set the following
parameters:

e Block(s) ID: 1;

o Select the previously created material in the list: Material 1.

Click Apply.

| Assign Material to Block v

Block ID(s) |1 |
Available Materials
Material 1 v
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Command Panel B X
Mode - Blocks and Materials

= | &

4, Assign the element type.

Select setting the material properties section on

Command Panel (Mode — Blocks and Materials, Entity — ‘ . @
Block, Action — Manage). Select Element Type in the list

of possible operations. Set the following parameters: Entity -Block

e Block(s) ID: 1; @ @

e Select: Volumes; Aciion - Manage
e Volumes: HEXS. Tj % @
Click Apply.
|Elemer1tType w7 |
Block ID(s) | 1 |
Select
Command Panel B X ) Nodes () Curves
Mode - Boundary Conditions () Surfaces (®) volumes
399 -5 -
l::l Hex D Tetra
Entity - Displacement ®) Hexa ) Tetrad
(e
EI.- E .b = E ) () Hexs () Tetrad
) Hex20 () Tetral0
E\‘:_Iv' gl = : EH |:£ () Hex27 () Tetra14
Action - Create

o
B
i
%
&3

ID/Mame

) New ID

I:::I MName

(®) System Assigned ID

Setting boundary conditions

1. Fix one side along X-axis.

Set Mode — Boundary Conditions, Entity — Displacement,

Entity List
by Action — Create. Set the following parameters:

() volume () Curve () Node

(®) Surface () Vertex () Modeset * System Assigned ID;

| e Entity List: Surface;

Entity ID(s) |4
e Entities ID: 4 (or click on the left butt of the beam);

Degrees Of Freedom
L] A e Degrees of Freedom: X-Component;
[ ] ¥xTranslation Disp [ ] ¥x-Rotation Disp e DOF Value: 0.
[ ] -Translation Disp [ ] ¥-Rotation Disp c A

lick ly.
Z-Translation Disp [ ] Z-Rotation Disp ppYy

DOF Value |0 |
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2. Fix two sides along Y axis.

The procedure is similar to the previous step. Select Mode — Boundary Conditions, Entity — Displacement,
Action — Create. Set the following parameters:

e System Assigned ID;
e Entity List: Surface;
o Entities ID: 3 5 (or sequentially click on the top and bottom edges);
o Degrees of Freedom: Y-Component;
e DOF Value: 0.
Click Apply.
3. Fix another two sides along Z-axis.
Select Mode — Boundary Conditions, Entity — Displacement, Action — Create. Set the following parameters:
e System Assigned ID;
e Entity List: Surface;

e Entities ID: 1 2 (or sequentially click on two side Command Panel g X
edges); Mode - Boundary Conditions

e Degrees of Freedom: Z-Component; ‘ g @ = % tl

e DOF Value: 0.

Entity - Pressure
e Loe = 8
4. Apply pressure to the right butt of the rod.
Select Mode — Boundary Conditions, Entity — Pressure, .ﬁ; .g, c= | _ | Id
Action — Create on Command Panel. Set the following .
parameters: Action - Create
<. e a

e System Assigned ID; in 2] — EE@ x

e Entity List: Surface; ID/Name

e Entities ID: 6; () New ID

Value: 1. () MName

Note: For the dynamic problems it is necessary to  (® System Assigned ID
create the boundary condition (unit vector)

] ) Pressure Entity List
before setting the time dependency. @ Surface O T
Click Apply. () Curve () FacefQuad
() Sideset () Edge

Entity ID(s) -]

Magnitude Value |1

Setting time dependency

1. Creat time dependency.

Select Mode — Boundary Conditions, Entity — Creat time dependency on Command Panel. In a pop-up
window. Specify the following parameters:
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e BC name: Pressure 1;
e Inlay Formula;
e From the drop-down list select: Manually;

o DOF Value: 100*exp(-10%t).

Click Apply.
c Panel g x
Mode - Boundary Conditions

BC Name D Formua | Table | Plot | “H. @‘ H @H ‘
=4 Displacement 1 Tmnn o =~ ﬁ
=4 Displacement 2 Entity
=4 Displacement 3 |100'exp(710‘t) | , m 4)
|m Pressure 1 =

| e [[ + [ L= JC ¢ J[ = ] ==

-

Loan [[ s [ e [[ st |80 || O £ 4 = -

L oasn [[ acos || atn || ep || lg || koo

Losh [[ osh [| woh [[ abs || e || foor

2 = =

This dependency can be entered using pre-installed functions. In the drop-down list below, select: Exponent
and enter Amplitude 100, Damping ratio 10.

Formula | Table | Plot |
flty=A-¢™
Amplimde(A) |1°°

Damping ratio(a) | 10

BC Mame 1D

=5 Displacement 1
=4 Displacement 2
=5 Displacement 3
E Pressure 1
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Note: After clicking Apply the following command should be entered in Command Line:
bcdep pressure 1 value "100*exp(-10*t)". The time dependency is not saved in general.cub-file, thus, it is
advisable to keep this command separately for the following running of the saved calculation.

Starting calculation

1. Set the type of the problem to be solved.

Select calculation settings section on Command Panel (Mode — Calculation settings, Calculation settings
— Dynamic, Dynamic — General). Set the following calculation parameters:

th
X

e Dimension: 3D; Command Panel

.. Mode - Calculation settings
e Scheme: Explicit; e

e Max time: 0.02; ’ .@ = %

e Max steps count: 600; Calculation settings - Dynamic
e Courant number: 0.8; 44 O |

° Lo b

e Model: Elasticity
Click Apply.

Q

i

Drynamic - General

& 5 B

Dimensians:

[ ] Use spectral elements method
[ ] use MPI

)
=
> i

Scheme
Options

Max time

[

02
Max steps count

Courant number

Model

Elasticity

[ ] Heat transfer

[] Finite deformations
2. Set the parameters output field.
Select calculation setting section on Command Panel Dynamic - Output Fields
(Mode — Calculation settings, Calculation settings — s || e
Dynamic, Dynamic — Output Fields). Set the following ﬁ P <
calculation parameters:

e Output results: Every 1 step [ ] caloulate nodal and reaction forces

Click Apply.
Click Start Calculation.

Save Results

@ Ewvery steps

() Every time interval 0.3

() Qutput maximum 100 results
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3. In a pop-up window select a folder to save the result and enter the file name.

4. In the process of calculation the number of time step, current time for step and the time step for the
step will be displayed in Command Line.

Command Line g x

FidesysCalc parse fc done -
Time step 1. Time 000003953, Time step 3.95256917e-005. Done. Successfully.
Time step 2. Time 000007205, Time step 3.95256917e-005. Done. Successfully.
Time step 3. Time 0.00011858, Time step 3.95256917e-005. Done. Successfully.
Time step 4. Time 0.00015810. Time step 3.95256917e-005. Done. Successfully.
Time step 5. Time 0.00019763. Time step 3.95256917e-005. Done. Successfully.
Time step 6. Time 0.00023715. Time step 3.95256917e-005. Done. Successfully.
Time step 7. Time 0.00027668. Time step 3.95256917e-005. Done. Successfully.
Time step 8. Time 0.00031621. Time step 3.95256917e-005. Done. Successfully.
Time step 9. Time 0.00035573. Time step 3.95256917e-005. Done. Successfully.
Time step 10, Time 0.00039526. Time step 3,95256917e-005. Done. Successfully.
Time step 11, Time 0.00043478. Time step 3,95256917e-005. Done. Successfully.
Time step 12, Time 0.00047431. Time step 3952569 17e-005. Done. Successfully.
Time step 13, Time 0.00051383. Time step 3,95256917e-005. Done. Successfully.
Time step 14. Time 0.00055336. Time step 3,95256917e-005. Done. Successfully.
Time step 15. Time 0.00059289. Time step 3,95256917e-005. Done. Successfully.
Time step 16, Time 0.00063241. Time step 3,95256917e-005. Done. Successfully.
Time step 17, Time 0.00067194. Time step 3.95256917e-005. Done. Successfully.
Time step 18, Time 0.00071146. Time step 3,95256917e-005. Done. Successfully.
Time step 19, Time 0.00075099. Time step 3.95256917e-005. Done. Successfully.
Time step 20, Time 0.00079051. Time step 3.95256917e-005. Done. Successfully.
Time step 21, Time 0.00083004. Time step 3.95256917e-005. Done. Successfully.
Time step 22, Time 0.00086957. Time step 3.95256917e-005. Done. Successfully.
Time step 23. Time 0.00090909. Time step 3.95256917e-005. Done. Successfully.
Time step 24. Time 0.00094862. Time step 3.95256917e-005. Done. Successfully.
Time step 25. Time 0.00098814. Time step 3.95256917e-005. Done. Successfully.
Time step 26, Time 0.00102767. Time step 3.95256917e-005. Done. Successfully.
Time step 27, Time 0.00106719. Time step 3.95256917e-005. Done. Successfully.
Time step 28. Time 0.00110672. Time step 3.95256917e-005. Done. Successfully.
Time step 29, Time 0.00114625. Time step 3.95256917e-005. Done. Successfully.

Gommand /\ Error /\_History /

5. If the calculation is finished successfully, you will see a message in the Console: “Calculation finished
successfully at <date> <time>”.

Command Line g X

Time step 481, Tme 0,01901186, Tme step 3,952563172-005, Done, Successfully. ~
Time step 432, Tme 0.01305138, Time step 3,952569172-005. Done, Successfully.
Time step 433, Tme 0.01303091, Time step 3,952569172-005. Done, Successfully.
Time step 434, Tme 0.01313043, Time step 3,952569172-005. Done, Successfully.
Time step 435, Tme 0.01316996, Time step 3,952569172-005. Done, Successfully.
Time step 435, Time 0,01920949, Time step 3,952569172-005, Done, Successfully.
Time step 487 Time 001924901, Time step 3.95256917e-005. Done, Successfully.
Time step 438, Tme 0.01923854, Tme step 3,952569172-005, Done. Successfully.
Time step 439, Time 0.01932506, Time step 3,95256917e-005. Done, Successfully.
Time step 450, Time 0.01936759, Time step 3,95256917e-005. Done. Successfully.
Time step 491, Time 0,01940711, Time step 3,95256917e-005. Done. Successfully.
Time step 492, Time 0.01944664, Time step 3,95256917e-005. Done. Successfully.
Time step 493, Time 0.01948617, Time step 3.95256917e-005. Done, Successfuly.
Time step 494, Time 0.01952569. Time step 3.95256917e-005. Done, Successfully.
Time step 495. Time 0.01956522. Time step 3.952569172-005. Done. Successfully.
Time step 495, Time 0.01960474, Time step 3,952569172-005. Done. Successfully.
Time step 497 Time 0.01954427. Time step 3,95256917&-005. Done, Successfully,
Time step 498, Time 0,01968379, Time step 3,952563172-005. Done. Successfully.
Time step 499, Time 0,01972332, Time step 3,952563172-005. Done, Successfully.
Time step 500, Tme 0,01976285, Time step 3,952563172-005, Done, Successfully.
Time step 501, Time 0.01380237, Time step 3.95256917&-005. Done, Successfuly.
Time step 502, Time 0.01384190, Time step 3,952569172-005. Done, Successfully.
Time step 503, Time 0.01383 142, Time step 3,952569172-005. Done, Successfully.
Time step 504, Time 0.01392095, Time step 3,952569172-005. Done, Successfully.
Time step 505, Time 0.01995047, Time step 3.95256917&-005. Done, Successfully.
Time step 506, Time 0,02000000, Time step 3,952569172-005, Done, Successfully.
Caloulation finished.

Calculation finished successfully at 2015-08-25 23:29:31

Fidesys >

_Command_/\ Error /\ History f

In this case, 506 steps were made to reach the predetermined maximum time of 0.02 seconds.

Results analysis

1. Open the file with the results. You can do this I Calciditon Help
in one of the three ways. Ik%

Open Results Ctrl+E
e Click Ctrl+E. & Open Results in new window Ctrl+Shift+E

o Select Calculation — Open Results in the
Main Menu. Click Open last result.
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Select Calculations Manager on Command Panel (Mode — Calculations Manager, Calculations Manager
— Results). Click Open Results.

Command Panel B X

Mode - Calculations Manager

399 -tw

Calculations Manager - Results

alola

D: jwork ftest.pvd
[7] open in new window

Open last result

2. Display XX component of the stress field.

In a pop-up Fidesys Viewer window set the following parameters on Toolbar:
e Representation Mode: Surface;
e Representation Field: Stress;

e Representation Component: 11.

< Stress (|11 - Surface -

3. There is a menu on Toolbar which allows viewing animation. It consists of a cycle of solutions
calculated for every moment of time. Click “Play” to start animation.

g <l B> > P @ Step: 505 505 |2

You will clearly see the way the deformation wave is distributing along the rod (see the picture below,
screenshot is made for the time step with the number 200).
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4. Fix the moment when the wave reaches the second end of the rod by clicking “Pause”.

Pay attention to the file number:

Step: 400 400 [2] Time: |0,0158103

>

Define the total number of files by clicking “Last Frame”

Step: 505 Time: | 0.0199605 |

You can find the wave distribution velocity in the rod accounting for the modeling time indicated when

setting calculation (0.02 s) accounting distance of the wave to the opposite beam side and the time

which the wave needs to reach the beam side:

L 100

t  0.02
06 432

The difference between this value and the one obtained analytically is 2.43%.

c= ~ 5856.48
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Using Console Interface

For geometry generation, meshing, setting boundary conditions and materials you can use Console
Interface. The following program code allows performing the steps of the above-described guide, you only
need to manually specify the full path and name of the file to be saved.

Here is an example of the working script (the file is saved in D;/FidesysBundle/calc/example.pvd)

reset

set node constraint on

brick x 166 y 1 z 1

volume 1 size 0.5

volume 1 size 0.5

mesh volume 1

undo group begin

create material "Material 1" property_group "CUBIT-FEA" description "Hook material”
modify material "Material 1" scalar_properties "MODULUS" 2e+11 "POISSON" ©.3 "DENSITY"
7900

undo group end

set duplicate block elements off

block 1 volume 1

block 1 material 'Material 1'

block 1 element type hex8

create displacement on surface 4 dof 1 fix ©

create displacement on surface 3 5 dof 2 fix ©

create displacement on surface 1 2 dof 3 fix ©

create pressure on surface 6 magnitude 1

bcdep pressure 1 value '100*exp(-10*t)’

analysis type dynamic elasticity dim3

dynamic scheme explicit maxtime ©.02 maxsteps 600 courant 0.8
spectralelement off

usempi off

output nodalforce off midresults on results everystep 1
output nodalforce off midresults on results everystep 1
calculation start path "D:/FidesysBundle/calc/example.pvd"

a pop-up window of the main menu select File — Open and open the necessary journal file.

E It is also possible to run the Example 6 Dynamic_3D.jou, by selecting Journal Editor on Toolbar. In
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Buckling (shell model)

S.P. Timoshenko, JM Manages “Theory of elastic stability” second
edition. Dunod, 1966, 500 pages

The problem of cylindrical shell buckling under the pressure
uniformly distributed over the entire surface is being solved.

The picture represents a geometric model of the problem:R =2 m, L
= 2 m, thickness h = 0.002 m. Due to the symmetry of the problem,
the % part of the cylinder is regarded. Constraints on the lines AB
and CD are due to the conditions of symmetry; a uniformly
distributed load on the surface is ABSD q = 1 kPa. The material
parameters are E = 200 GPa, v =0.3.

It is necessary to compare the first three critical values.

Command Panel g x
Mode - Geometry

399

2

Entity - Violume
Geometry creation EJ < /- < 3 g
1. Create a cylinder with radius of 2 m and length of 2 m. y

Select volume geometry generation section on Command Panel Action - Create
(Mode — Geometry, Entity — Volume, Action — Create). Select

Cylinder in the list of geometric elements. Creat leaving Circular i JF= =| x
at the base. Set radius of 2 and height of 2 o x

Click Apply.
|C1flinder = |
Height |2 |
Command Panel g x (® Circular () Elliptical
Mode - Geometry
Radius |2 |
2399 = L=
Entity - Violume
P BT - -
2. Get the cylindrical shell out of the volumeric cylinder.

Action - Delete Select the volume removing section on Command Panel (Mode —
» == o Geometry, Entity — Volume, Action — Delete). Enter the number
A sy x =) of the created volume - 1 into the field Volume ID(s). Put a tick

against Keep lower geometry.

o X Click Apply.

Volume ID(s) | i |

Keep Lower Geometry

2@
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As a result, three plane bodies (Body 1, Body 2, Body 3) are obtained. This will be displayed in the Model
Tree.

Power Tools I5:K|
R Y EERE'S

Current View |Fu|| Tree - |

Mame ] Prope

@ Volumes

4 5 theet Bodies
- 2 Body?2
& Body3
i S Body 4

P EE A

Delete side surfaces Body 3 and Body 4.

Select the surface removing section on Command Panel (Mode — Geometry, Entity — Surface, Action —
Delete). Enter numbers 2 3 in the window Surface ID(s).

Click Apply.

As a result, only the lateral cylindrical shell of 2 m radius and 2 m high will remain of the initial volume.

|Eon'rnand Panel & X|
Mode - Geometry

399~ T =

Entity - Surface

N IRt s
&

Action - Delete
m B Sy y il

Surface ID(s) |2 3| |
[ ] Keep Lower Geometry

E4R
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Command Panel B X
Mode - Geometry

Select volume geometry generation section on Command

Panel (Mode — Geometry, Entity — Volume, Action — Webcut). ’ @ @ = % t
Select Coordinate Plane in the list of possible webcut types.
Set the following parameters:

e Body ID: 2 (the body to be webcut), @ ¢ /- . @ @
e Webcut with: YZ Plane; y
e Offset value: 0;

3. Leave a quarter of a shell (symmetry of the problem).

Entity - Violume

Action - Webcut
e Imprint.

Click Apply. a A 5 il
@ X

Do the same for the ZX Plane: Coordinate Plane -

e Volume ID(s): 2 (the volume to be webcut); Body 10(s) |2

e Webcut with: ZX Plane; ® vz O o ) xv
e Offset value: O; Offset Value |0
e Imprint. [ ] Rotate Plane

Click Apply. Imprint

Power Tools
e @ ¥

Current View |Full Tree

Mame D

@ Volumes
4 2 Sheet Bodies
> & Body 2
> @ Body 5 5
> & Body 6 &
> {34 Groups
> B Boundary Conditions
o Q Materials
3 Blocks
S Side Sets
1]‘:‘{’ Mode Sets
i Boundary Layers

£

Properties Page

As a result, the original volume in the Model Tree is split into three (Body 2, Body 5 and Body 6).
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Delete the bodies 2 and 5. To do this, select these bodies in the Model Tree holding down the Ctrl key and
click Delete in contextual menu. As a result, a quarter of the original shell is left (Body 6):

Power Tools
ERENE R NES

Current View [Full Tree

Mame (1] .

P Volumes
a4 & Sheet Bodies

4 2 Body6

I % Surface7 7

o Groups
» BR Boundary Conditions
[ Q Materials
[ H Blocks
b HE Side Sets
[ ‘}:{ Mode Sets

BL Boundary Layers

. Command Panel 5 X
MeSh'ng Mode - Mesh

399w
Entity - Surface
i

1. Create a quadrangular mesh.

Select meshing on plane section on Command Panel (Mode
— Mesh, Entity — Surface, Action — Intervals). Specify the
parameters of mesh refinement:

&

@ 7 ok &

# z

e The way of meshing: Approximate Size; SIa|A|—-]|+ ,}‘&
e Approximate Size: 0.125. E
Click Apply.

e Select surfaces: 7;

Action - Intervals

m i 22 @ X
BB Em

Select Surfaces

7 |

 Approximate Size - |

Approximate Size |0, 125 |

Select meshing on plane section on Command Panel
(Mode — Mesh, Entity — Surface, Action —Meshing). Select meshing scheme:
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e Select surfaces: 7;
Command Panel g X
e Select meshing scheme: Polyhedron; Mode - Mesh
= %
Click Apply. ‘ .‘ @ tl
Entity - Surface

&

Click Mesh.
De  + &

Select Surfaces

7

Select Meshing Scheme

| Polyhedron
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Setting boundary conditions

1. Fix the line AB on the conditions of symmetry.

Select Mode — Boundary Conditions, Entity — Displacement, Action — Create on Command Panel. Set the
following parameters:

e System Assigned ID;
e Entity List: Curve;

o Entities ID: 5 (or click on the top line on a quarter of the shell);

e Degrees of Freedom: X-Translation, Y-Rotation, Z-Rotation;
e DOF Value: 0.
Click Apply.

Command Panel g X
Mode - Boundary Conditions

3299 s =

Entity - Displacement

i.-
I
2
/l

I=
I=
I
o
RC

o
B
i
S
&3

ID/Mame
() Mew ID
l:::l Mame
(®) System Assigned ID
Entity List
() volume (@) Curve () Mode
() Surface i) Vertex ) Nodeset

Entity ID(s) |5
Degrees Of Freedom
L] al
¥-Translation Disp [ ] ¥-Rotation Disp
[ ] ¥Translation Disp Y-Rotation Disp
[ ] Zaranslation Disp Z-Rotation Disp

DOF Value |0
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2. Fix the line CD of the conditions of symmetry.

Command Panel

Mode - Boundary Conditions

Select Mode — Boundary Conditions, Entity — Displacement, Action
— Create on Command Panel. Set the following parameters: ‘ . @ = % | o
e System Assigned ID; Entity - Displacement
e Entity List: Curve; I = §
o Entities ID: 16 (or click on the lower line on a quarter of the a | v -
shell); & L= - Bl
e Degrees of Freedom: Y-Translation, X-Rotation, Z-Rotation; Action - Create
e DOF Value: 0. a &l EE !E@ “
Click Apply. ID/MName
() Mew ID
D MName
(@) System Assigned ID
Entity List
() volume (® Curve () MNode
() surface () vertex () MNodeset
Entity ID(s) | 15
Degrees Of Freedom
] Al

Command Panel
Mode - Boundary Conditions

[] %Translation Disp
¥-Translation Disp
[] zranslation Disp

X-Rotation Disp
[] ¥-Rotation Disp
Z-Rotation Disp

299D s

Entity - Pressure

L (| = §

Q

DOF Value |0

[

a V| o || = BiR Apply pressure to the entire surface of the shell.
Select Mode — Boundary Conditions, Entity — Pressure, Action
Action - Create

— Create on Command Panel. Set the following parameters:

Y .

e Entity List: Surface;

=l

Ci
)21

System Assigned ID;

ID/Mame
) New ID e Entities ID: 7 (or click on the surface of the shell);
) Name e Value: 1000.

(®) System Assigned ID Click Apply.

Pressure Entity List

(® Surface () Tri
() Curve () Face/Quad
() Sideset () Edge

Entity D(s) |7 |

Magnitude Value | 1000 |
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Setting material and element type

1. Create the material.
Select setting the material properties section on Command Command Panel 5 X
Panel (Mode — Blocks and Materials, Entity — Material, Action Mode - Blocks and Materials

— Create Material). Set the following parameters: ‘ . @

e Name: Material 1;

= | 5 &

i Entity - Material
e Property group: Hook material; ty - Materia

e Young’s Modulus: 200e9; @ @ E % I

e Poisson’s Ratio: 0.3. Action - Create Material
Click Apply. 17 [l Q @
Mame: | Material

Description: | o oke material

[]setD
[ ] Copy Material Material 1 -
Command Panel & X Property Group: |Hook Material -

Mode - Blocks and Materials

3299

Entity - Block
'TJ x % 2. Create a block of one type of the material.

Action - Manage
Select setting the material properties section on Command

Property Value &
= % [ o} Young's Modulus 200e8

Shear Modulus

Poisson's Ratio 03

|Ar:.|d v| Panel (Mode — Blocks and Materials, Entity — Block, Action —
Manage). Select Add in the list of possible operations. Set the

Block ID | 1 following parameters:

Select

Block ID: 1;

ID Group ID Tet *

O Volume O Face e Entity type to be united into the block: Surface;

(® Surface ) T o ID:7 (or by the command all).

() Curve () Edge Click Apply.

() Vertex ) MNode

() Hex

D) | 7

[ ] Allow Elocks to Contain Duplicate Elements




r\? CAE Fidesys — User Guide (version 1.6)

Command Panel B X
Mode - Blocks and Materials

Select setting the material properties section on Command
Panel (Mode — Blocks and Materials, Entity — Block, Action — ‘ . 5 = % t)‘

Manage). Select Assign Material to Block in the list of possible

3. Assign the material to the block.

operations. Set the following parameters: Entity - Block

e Block(s) ID: 1; di @

o Select the previously created material in the list: Action - Manage
Material 1.
Click Apply. D 22 @'
| Assign Material to Block - |
Block ID(s) | 1 |
Available Materials
Material 1 - |
e i 8 X 4 Assign the element type.

Mode - Blocks and Materials
Select setting the material properties section on Command
= % t) Panel (Mode — Blocks and Materials, Entity — Block, Action —

Manage). Select Element Type in the list of possible

Entity - Block : .
i operations. Set the following parameters:

@ @E % I e Block(s) ID: 1;

Action - Manage e Select: Surfaces;

_TJ X % e Elements: Shell4.

Click Apply.

|Elemer1t Type - |

Block ID(s) |1 |
Select
() Modes () Curves
(®) Surfaces () volumes

Surfaces

(Jguad () shel T () Trishell
() Quad4 (@ shel4 () i3 () Trishel3
() Quads () shellz () Tris () Trishells
() Quads () shelle () w7 () Trishell7
() guadg () Hexshel
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Setting shell thickness

1. Set the shell thickness.

Select setting the material properties section on Command ‘ . @

Panel (Mode — Blocks and Materials, Entity — Block, Action - Entity - Block
Manage). Select Shell thickness in the Llist of possible

operations. Set the following parameters:

e Block ID: 1;

e Thickness: 0.02;

e Loft Factor: 0.5;
Click Apply.

Command Panel
Mode - Calculation settings

299 -

&l
Q

Calculation settings - Stability

41
—

® ||
C®
f _—

Stahility - General

EIRIES

Dimensions:

[ ] Use spectral elements method

[]use MPI
Settings

Mumber of buckling modes |3

<

(@) Lowest
() Target 0.0
() Interval

0.0 - 0.0

Model

Elasticity
[ ] Heat transfer

Command Panel B X
Mode - Blocks and Materials

= B &

€ @HEH T

3R 5

‘Shell Thickness v

Block ID(s) |1 |
Display

(® Mormal

() Thickened

Scale 1.0
[ ] Use Constant Color

Pick Calor
ap
Thickness |U.02 |
Loft Factor |0.5 |
Starting calculation
1. Set the type of the problem to be solved.

Select calculation setting section on Command Panel (Mode —
Calculation settings, Calculation settings — Stability, Stability
— General). Select 3 in the field Number of buckling modes.
Leave other parameters by default. Click Apply. Click Start
calculation.

In a pop-up window select a folder to save the result and enter
the file name.

If the calculation is finished successfully, you will see a
message in the Console: “Calculation finished successfully at
<date> <time>".
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Results analysis
1. Compare the obtained results.
The first three critical values are displayed in Command Line.

Command Line

FidesysCalc parse fc done

Start eigensolver.. .

Stop eigensolver.

load multipliers({1) = 72,5365

load multipliers(2) = 159,286

load multipliers(3) = 292,57

Calculation finished.

Calculation finished successfully at 2015-08-25 23:55:00
Fidesys>|

<
\, Command /\ /% Error_/\ History [

Compare the obtained results with those in the table:

Ne | Theor. value FIDESYS

1 72.260 72.5865 0.45%

2 164.835 159.28 3.37%

3 293.040 292.571 0.16%
2. Open the file with the results. You can do this in one of Cemmand Panel

the three ways.
o Click Ctrl+E.

e Select Calculation — Open Results in the Main Menu.
Click Open last result.

e Select Calculations Manager on Command Panel (Mode
— Calculations Manager, Calculations Manager —
Results). Click Open Results.

3. In a pop-up Fidesys Viewer window select a filter Warp
By Vector.

B X

Mode - Calculations Manager

29

@

s|%/e

Calculations Manager - Results

Eo0URBE2

Yipeline Browser Warp By Vector F

Q]

D: fworkftest.pvd
[ Open in new window

Open last result

4, In a pop-up filter Warp By Vector in the tab Properties, set the following parameters:

e Vectors: Displacement Mode 1

e Scale Factor: 10




r{? CAE Fidesys — User Guide (version 1.6)

|
5. Display Displacements Mode 1.

In Fidesys Viewer window set the following parameters on Toolbar:

o displacementMode 1 - | |2

* | Critical value: | 72,5385 Surface

Make sure that the first required critical value is displayed in the window Critical value.
6. View results

As a result, the deformed body is displayed at the picture. To see the original model, click near the

model in the Model Tree. The picture below shows the deformed (solid grey filling) and the original
model (with the distribution field Displacements for Mode 1).

Pipeline Browser

& X | Layout #1X

E ISl

+ 1
T
[ builtin:
@ ﬁhestlz.pvd

1
Sl 2| WarpBy\Vector1

| Information j,ﬂ'sPIEY_ Properties
Properties

" Apply 2) Reset 3¢ Delete
Vectors jdisplacemenf Mode 1

Scale Factor |10

7. Select the filter Warp By Vector to do this. Set the following field value Displacements Mode 2 in
the tab Properties

e Vectors: Displacements Mode 2

e Scale Factor: 10
8. Display Displacements Mode 2.

In Fidesys Viewer window set the following parameters on Toolbar:

@ displacementMode 2+ | |Magnitud * | Critical value: | 159,236

Surface

Make sure that the second required critical value is displayed in the window Critical value.
9. View results




r{? CAE Fidesys — User Guide (version 1.6)

10. Display Displacements Mode 3 in the same way, make sure that the third required critical value is
displayed in the window Critical value.

11. Display the 3D-view of the model (shell with thickness).

To do this, click on the name of the source file in the Model Tree. After this click 3D-view button in the
default string.
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Pipeline Browser B X || Layout #1 X +

ﬁ builtin: K =L ]
@ B test12.pvd
@® B warpByVector3
The file* _3D.pvd with a 3D-image of the shell must be opened and you will be able to apply various filters
to it and to view its deformed view.

Choose the new file example_3D.pvd in the Model Tree and display Filters Warp by Vector for it with the
following fields values:

e Vectors: Displacements for mode 1

e Scale Factor: 10

On the Toolbar, set once again the following parameters for the deformed type:

o displacementMode 1 « | |2 w | Critical value: | 72,5865 Surface -

The first buckling mode will be displayed on the screen but the shell will be enveloped with thickness.

H ﬁ 57| o displacement Mode 1 v|[2 v | Critical value: | 72,5865 | |surface - m o gﬁ o gi » ﬂ
D90 PRO2 R4 R
Pipeline Browser & X | Layout#1X +

ﬁbuilﬁn: A=)

@ @) test12.pvd

@ é WarpByVector3
@ @) test12_3D.pvd
@

R apiyiecors|

Information } Display Properties
Properties

Apply 2) Reset 9 Delete

Vectors | displacement Mode 1

Scale Factor |10
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EF To apply all of the filters changes automatically, click Apply changes to parameters automatically on
Command Panel.

12. Download numerical data. v Configure Writer ?

Select File — Save Data in the Main Menu or click
Ctrl+S. Enter the file name (*.csv format), leave it by
default. Click OK. In the pop-up window select:

Predsion 5

[] Use Sdientific Notation

[T wurite All Time Steps

o Field Association: Field Data Field Assodiation |Field Data -

The saved file is an ordinary table of numerical data
which can be opened in any text editor.

ol

Using Console Interface

For geometry generation, meshing, setting boundary conditions and materials you can use Console
Interface. The following program code allows performing the steps of the above-described guide, you only
need to manually specify the full path and name of the file to be saved.

Here is an example of the working script (the file is saved in D;/FidesysBundle/calc/example.pvd)

reset

set node constraint on

create Cylinder height 2 radius 2

delete volume 1 keep_lower_geometry

delete Surface 3 2

webcut body 2 with plane xplane offset © imprint preview
webcut body 2 with plane xplane offset @ imprint

webcut body 2 with plane yplane offset © imprint preview
webcut body 2 with plane yplane offset © imprint

delete Surface 5 6

surface 7 size 0.125

surface 7 scheme Polyhedron

mesh surface 7

create displacement on curve 16 dof 2 dof 4 dof 6 fix ©
create displacement on curve 5 dof 1 dof 5 dof 6 fix ©
create pressure on surface 7 magnitude 1000

undo group begin

create material "Material 1" property_group "CUBIT-FEA" description "Hook material”
modify material "Material 1" scalar_properties "MODULUS" 2e+11 "POISSON" 0.3
undo group end

set duplicate block elements off

block 1 surface 7

block 1 material 'Material 1°'

block 1 element type shell4d

undo group begin

block 1 attribute count 2

block 1 attribute index 1 value 0.02
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block 1 attribute index 2 value 0.5

undo group end

analysis type stability elasticity dim3

eigenvalue find 3 smallest

spectralelement off

usempi off

calculation start path "D:/FidesysBundle/calc/example.pvd"

It is also possible to run the file Example_7 Stability Shelljou, by selecting Journal Editor on
E Toolbar. In a pop-up window of the main menu select File — Open and open the necessary journal

file.
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Modal analysis (3D)

NAFEMS Selected Benchmarks for Natural Frequency Analysis “Simply Supported "Solid" Square Plate”, Test No
FV52.

The problem of modal analysis of a square plate is being solved.
The picture represents a geometric model of the problem and a mesh:

The size of the plate is 10 m x 10 m x 1 m.
Displacements along z-axis are constrained for

the edges of the plate bottom side. The 5
material parameters are E = 200 hPa, v=0.3, p g
= 8000 kg/m”.

A
]
I\./

TSk [ = .
- ’—4\ .
Eigenmodes from 4 to 10 are to be compared. : % T s v

Geometry creation

1. Create the plate.

Select volume geometry generation section on Command Panel (Mode — Geometry, Entity — Volume,
Action — Create). Select Brick in the list of geometric elements. Set the brick dimensions:

e X (width): 10

e Y (height): 10

e Z(depth):1
Click Apply.

Command Panel F X
Mode - Geometry

399 =

Entity - Volume

PO BT
&

Action - Create

am s R
& K

Brick A4

Brick Dimensions
X (width) |10

¥ (height) | 10

Z (depth) |1
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. Command Panel [
MeShlng Mode - Mesh

A mesh of 8*8*3 linear hexahedral elements is to be generated
299w

(as shown at the picture with the problem setting).

1. Select meshing on curves section on Command Panel Entity - Curve

(Mode — Mesh, Entity — Curve, Action — Meshing). Specify the . <> /- * &

parameters of mesh refinement:
e Select Curves: 1 2 345 6 7 8 (using space after each of Sla| Al = | 4|

&

them);
e Select the way of meshing: Equal; E
Action - Mesh

o Select splitting settings: Interval;

e Interval: 8 (see the figure) L 9 9 # x H
Click Apply.

Select Curves

2. Select meshing on curves section on Command Panel (Mode
— Mesh, Entity — Curve, Action — Meshing). Specify the 12345678 |

parameters of mesh refinement: Get Settings For Curve 1

e Select Curves:9 10 11 12 (using space after each of them); Equal -
e Select the way of meShing: Equal-; () Approximate Size () Auto Size (@) Interval
e Select splitting settings: Interval; Interval |3 |
Command Panel F X * Interval: 3.
iz Click Apply.
399 =
Entity - Violume
Do « & =
; ) . .
S8 A = | 4+ 532 3, Select volume mesh generation section on Command Panel
(Mode — Mesh, Entity — Volume, Action — Mesh).
E o Select Entities to Mesh (specify their ID): 1 (or by the
Action - Mesh command all)
— = e Select Meshing Scheme: Automatically Calculate
m i ? 2B R
Click Apply Scheme.
i
3 E S E S aocven

Select volumes
lall |

Select Meshing Scheme

| Automatically Calculate -

?
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Command Panel 5 X

Setting boundary conditions Mode - Boundary Conditions

1. Fix the bottom side edges along Z. ‘ . @ = @ t}

Select Mode — Boundary Conditions, Entity — Displacement, Action Entity - Displacement
— Create on Command Panel. Set the following parameters:

L0 d|s b2
e System Assigned ID
e Entity List: Curve L | L == 2| 0H ]d
e Entity ID(s): 56 7 8 (using space after each of them) T
e Degrees of Freedom: Z-Translation i jzl §§ E@ x
e DOF Value: 0 1D Mame
Click Apply. () New ID
D Mame
(@) System Assigned ID
Entity List
() volume (® Curve () Mode
() Surface () Vertex () Modeset

Entity ID(s) 5678
Degrees Of Freedom
Clan
[ | %Translation Disp || ¥-Rotation Disp
[] ¥Iranslation Disp [] ¥-Rotation Disp
Zranslation Disp

Command Panel 5 X DOF Value |u
Mode - Blocks and Materials

299 L=
Entity - Materia Setting material and element type

‘l@ @ % % I 1. Create the material.

Action - Create Material

Select setting the material properties section on Command Panel
g/ B Q ‘@ (Mode. — Blocks and Materials, Entity. — Material, Action — Create
Material). Set the following parameters:

Mame: |Materia| | e Name: Material 1;

Description: | yooke material
e Property group: Hook material,;

e Young’'s Modulus: 200e9;

[]setD

(] Copy Material  Material 1 - e Poisson’s Ratio: 0.3;

Property Group: |Huck Material - | L Density: 8000.
Property Value * Click Apply.

Young's Modulus 200e5

Shear Modulus

Poisson's Ratio 0.3

Density 8000
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Command Panel H X

Mode - Blocks and Materials )
= % tl Select setting the material properties section on Command

Panel (Mode — Blocks and Materials, Entity — Block, Action —

Entity -Block Manage). Select Add in the list of possible operations. Set the

dg @ E % I following parameters:

_ e Block ID: 1;
Action - Manage
o Entity type to be united into the block: Volume;

D R @ o ID: 1 (or by the command all).

Create a block of one type of the material.

| Add ~ | Click Apply.
Block 1D |1 |

Select

() Group () Tet

(@) Volume ) Face

() Surface () Tri

() Curve ) Edge

() vertex i) Node

{:} Hex

() 1

[ ] allow Blocks to Contain Duplicate Elements

3. Assign the material to the block. Command Panel [
Mode - Blocks and Materials

= @&

Select setting the material properties section on Command

Panel (Mode — Blocks and Materials, Entity — Block, Action — ‘ . @

Manage). Select Assign Material to Block in the list of possible

operations. Set the following parameters: Entity - Block

e Block(s) ID: 1; @ @

o Select the previously created material in the list:

Material 1. Action - Manage
Click Apply. g x @
| Assign Material to Block v
Block ID(s) | 1 |

Available Materials

Material 1 -
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4. Assign the element type. Command Panel F X
Mode - Blocks and Materials

= B &
B I

Select setting the material properties section on Command Panel

(Mode — Blocks and Materials, Entity — Block, Action — Manage). ‘ . @
Select Element Type in the list of possible operations. Set the

following parameters:

e Block(s) ID: 1; 4 @

Entity - Block

e Select: Volumes; Action - Manage
e Volumes: Hex8. ‘|‘J R E
Click Apply.
PPty |EIementType - |
Block ID(s) | 1 |
Select
() Modes () Curves
() Surfaces (®) Volumes
Volumes
D Hex D Tetra
(@ Hexa () Tetra4
() Hexs () Tetrad
() Hex20 () Tetrai
() Hex27 () Tetra14
Command Panel B X
Starting calculation Mode - Calculation settings

1. Set the type of the problem to be solved. ‘ . @ = % t;

Select calculation setting section on Command Panel (Mode —
Calculation settings, Calculation settings — Eigen Frequencies,

. . . . L P3| @
Eigen Frequencies — General). Specify the following settings: = & .@. % ﬁ %
e Interval: 20 - 250.

Calculation settings - Eigen Frequendies

Eigen Frequencies - General

Click Apply. ﬁ nss
Click Start Calculation.

[ ] use spectral elements method

[ ] Use MPI
Settings

Mumber of eigenmodes | 10 E"

() Lowest
() Target 0.0

(@ Interval

20 | - |250

[ ] Preload model
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2. Ina pop-up window select a folder to save the result and enter the file name.

3. If the calculation is finished successfully, you will see a message in the Console: “Calculation finished
successfully at <date> <time>" as well as the required eigen values and frequencies.

Results analysis

1. Compare the obtained results to those in the given table.
Ne | NAFEMS FIDESYS
Value, Hz Error
4 51.65 51.68 0.1%
5 132.73 132.75 0.0%
6 132.73 132.75 0.0%
7 194.37 194.38 0.0%
8 197.18 197.19 0.0%
9 210.55 210.55 0.0%
10 210.55 210.55 0.0%

2. Open the file with the results. You can do this in one of the three ways.

e C(Click Ctrl+E. -
Calculation ] Help
o Select Calculation — Open Results in the Main I ‘.'.'

A 1o A Open Results Ctrl+E
Menu. Click Open last result. e . : : g
&5 Open Results in new window Ctrl+Shift+E

o Select Calculations Manager on Command
Panel (Mode — Calculations Manager, Calculations Manager — Results). Click Open Results.

Command Panel g X
Mode - Calculations Manager

399w

Calculations Manager - Results

' =

| L

D fwork ftest. pwd
[T] open in new window

Open last result

3. You can see the way the body is deformed.
Select a filter Warp By Vector to do this. Set the following parameters in the tab Properties:
e Vectors: Eigenvalue_# (# stands for the number of the eigenvalue)

e Scale Factor: 700

As a result, the deformed body is displayed at the picture. To see the original model, click ® near it in
the Model Tree. The picture below shows the deformed model at different eigenvalues.
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Mode 4 Mode 5

<

Mode 6 Mode 7

<>

Mode 8 Mode 9

o

Mode 10

@

Using Console Interface

For geometry generation, meshing, setting boundary conditions and materials you can use Console
Interface. The following program code allows performing the steps of the above-described guide, you only
need to manually specify the full path and name of the file to be saved.

Here is an example of the working script (the file is saved in D;/FidesysBundle/calc/example.pvd):

reset

set node constraint on

brick x 10 y 10 z 1

curve 1 2 345 6 7 8 interval 8
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curve 1 2 345 6 7 8 scheme equal

curve 9 10 11 12 interval 3

curve 9 10 11 12 scheme equal

volume 1 scheme Auto

volume 1 scheme Auto

mesh volume 1

create displacement on curve 5 6 7 8 dof 3 fix ©

undo group begin

create material "material 1 " property_group "CUBIT-FEA" description "Hook material”
modify material "material 1 " scalar_properties "MODULUS" 2e+11 "POISSON" ©.3 "DENSITY"
8000

undo group end

set duplicate block elements off

block 1 volume 1

block 1 material 'material 1'

block element type hex8

block 1 element type hex8

analysis type eigenfrequencies elasticity dim3

eigenvalue find 10 from 20 to 250 preload off
spectralelement off

usempi off

analysis type eigenfrequencies elasticity dim3

calculation start path "D:/FidesysBundle/calc/example.pvd”

It is also possible to run the file Example 8 EigenValue 3D.jou, by selecting Journal Editor on
E Toolbar. In a pop-up window of the main menu select File — Open and open the necessary journal

file .
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Modal analysis (shell model)

B C

NAFEMS-Glasgow, BENCHMARK newsletter, Report No. E1261/R002, “Free
Vibrations of a Simply-supported Thin Square Plate”, February 1989,
p.21.
The problem of modal analysis of a square plate is being solved.
The size of the plate is 10 m x 10 m, the thickness is 0.05 m. X- and Y-
Translation and Z-Rotation are constrained for all nodes of the plate.
All the edges are constrained in Z-direction. The X-rotation is
constrained for edges AB and CD. The Y-rotation is constrained for
edges BC and AD. The material parameters are E = 200 hPa, v=0.3,p
= 8000 kg/m°>. 1A, D
Eigenmodes from 1 to 8 are to be compared.

Command Panel F X
Geometry creation Mode - Geometry
1. Create the plate. ’ g @ - % T

Entity - Surface

Select volume geometry generation section on Command Panel (Mode
— Geometry, Entity — Surface, Action — Create). Select Rectangle in ﬁi ‘Q’ /- K & g

the list of geometric elements. Set the brick dimensions: ﬁ
e Width: 10; :
Action - Create
e Location: ZPlane. a B Sy ? B
Click Apply.
Command Panel [ 4 Rectangle -
Mode - Mesh
3991w e
Height | (Cptional)
Entity - Curve () ¥Plane () YPlane (@) ZPlane
<> 51 .
De b Meshing 22

Bl B A =]+ .@ A mesh of 32*32 linear quadrilateral elements is to be generated (as
shown at the picture with the problem setting.

E 1. Select meshing on curves section on Command Panel (Mode
e — Mesh, Entity — Curve, Action — Meshing). Specify the parameters

i 9 Q # x H of mesh refinement:

e Select Curves: all;

- e Select the way of meshing: Equal,;

feanliis e Select splitting settings: Interval;
all
e Interval: 32 (see the figure).
Get Settings For Curve 1 Get Settings
Click Apply.
Equal -
Click Mesh.

() Approximate Size () Auto Size (®) Interval

Interval |32
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Command Panel B X

2. Select surface mesh generation section on Command
Mode - Mesh

Panel (Mode — Mesh, Entity — Surface, Action — Meshing).

e Select Entities to Mesh (specify their ID): 1 (or by the ‘ .‘ @ = % t}
command all) _
Entity - Surface
e Select Meshing Scheme: Automatically Calculate . /_. * - X
Click Apply Scheme. I “
Click Mesh. Dl A~ |4+ |3
Action - Mesh

Command Panel B X iI L g 9 ‘ x

Mode - Boundary Conditions

299 <1 e 25 b

Select Surfaces

[

Select Meshing Scheme

E.ﬁ.utﬂmaﬁﬁ"? Calculate -

s

2
I=/1
[

BiE
Action - Create icé-} g |J5-pp|1f' Scheme

Chedk For Overlapping Surfaces

o
=
il
®
X

ID/MName Setting boundary conditions
() New ID

{:} MName

(®) System Assigned ID

1. Fix the plate: X- and Y-Translations and Z-Rotations.

Select Mode — Boundary Conditions, Entity — Displacement,
Action — Create on Command Panel. Set the following
Entity List parameters:

() volume () Curve (@ Node

() Surface () Vertex () Modeset

e System Assigned ID;
e Entity List: Node;

Entity ID{s) |all .
L . Entity ID(s): all;
Degrees Of Freedom
] e Degrees of Freedom: X-Translation, Y-Translation and
¥-Translation Disp [ ] %-Rotation Disp Z-Rotation;
¥Translation Disp [ ] ¥-Rotation Disp e DOF Value: 0.
[ ZTranslation Disp Z-Rotation Disp Click Apply.

DOF Value [0 | 2. Fix all the edges at the Z-direction.

Select Mode — Boundary Conditions, Entity — Displacement,
Action — Create. Set the following parameters:

e System Assigned ID;

e Entity List: Curves;




r;) CAE Fidesys — User Guide (version 1.6)

o Entity ID(s): all;

e Degrees of Freedom: Z-Translation;

e DOF Value: 0.
Click Apply.

3. Fix the edges AB and CD on X-Rotation.

Select Mode — Boundary Conditions, Entity — Displacement, Action — Create on Command Panel. Set the

following parameters:
e System Assigned ID;
e Entity List: Curves;

o Entity ID(s): 24 (using space after each of them);

e Degrees of Freedom: X-Rotation;
e DOF Value: 0.
Click Apply.

4. Fix the edges BC and AD in Y-rotation.

Select Mode — Boundary Conditions, Entity — Displacement, Action — Create on Command Panel. Set the

following parameters:
e System Assigned ID;
e Entity List: Curves;

e Entity ID(s): 1 3 (using space after each of them);

e Degrees of Freedom: Y-Rotation;
e DOF Value: 0.
Click Apply.

Setting material and element type

1. Create the material.

Select setting the material properties section on Command
Panel (Mode — Blocks and Materials, Entity — Material, Action
— Create Material). Set the following parameters:

e Name: Material 1;
e Property group: Hook material;
e Young’s Modulus: 200e9;

e Poisson’s Ratio: 0.3;
e Density: 8000.
Click Apply.

Command Panel
Mode - Blocks and Materials

299

=

Entity - Material

& '@ B

Action - Create Material

P& &

Mame: | Material

Description: | L oke material

[]setiD

[] Copy Material Material 1

Property Group: |Huuk Material

Property
Young's Modulus
Shear Modulus
Poisson’s Ratio
Density

Value
2005

0.3
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2. Create the block of one type of the material

Select setting the material properties section on Command Panel (Mode — Blocks and Materials, Entity —
Block, Action — Manage). Set the following parameters:

e Block ID: 1;
e Entity type to be united into the block: Surface;
e |ID:1 (or by the command all).

Click Apply.

Command Panel g X

Mode - Blocks and Materials 3. Assign the material to the block.

‘ . @ = % tl Select setting the material properties section on Command Panel

(Mode — Blocks and Materials, Entity — Block, Action —

Entity - Block Manage). Select Assign Material to Block in the list of possible

@ @ E % I operations. Set the following parameters:
e Block(s) ID: 1;

i — e Select the previously created material in the list: Material
3| R| G -
Click Apply.
| Assign Material to Block v
Block ID(s) | 1 |
Available Materials
|I'~"Iateria| 1 - | Command Panel g X
Mode - Elocks and Materials
390 =
Entity - Block
4, Assign the element type. Action - Manage
Select setting the material properties section on Command ’ij x @

Panel (Mode — Blocks and Materials, Entity — Block, Action —
Manage). Select Element Type in the list of possible Element Type -
operations. Set the following parameters:

Block ID(s) |1
e Block(s) ID: 1; ok IDE) | |
Select
e Select: Surfaces; () Nodes O Curves
e Surfaces: Shell4. (@) Surfaces (" volumes
Click Apply. Surfaces

() quad ) shel (i () Trishell
() Quad4 (@ sheld () T3 () Trishell3
() Quads () shelld () Trig () Trishells
() Quadg () shella () Ti7 () Trishell7
() Quadg () Hexshell
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Setting shell thickness

1. Set the shell thickness.

Select setting the material properties section on Command Panel (Mode — Blocks and Materials, Entity —
Block, Action - Manage). Select Shell thickness in the Llist of possible operations. Set the following

parameters:
e Block ID: 1;
e Thickness: 0.05;
e |oft Factor: 0.5;
Click Apply.

|Con1'nand Panel H o
Maode - Blocks and Materials

399 L=

@EET

Action - Manage
3R B

' Shell Thickness -

Block ID(s) |1 |
Display
(® Mormal
() Thickened
Scale 1.0
[ ] use constant Calor

Pick Color
o
Thickness | 0.05 |

Loft Factor |0,5 |
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Starting calculation Command Panel B X
Made - Calculation settings
1. Set the type of the problem to be solved. . @
=
Select calculation setting section on Command Panel (Mode — ‘ @ tl
Calculation settings, Calculation settings — Eigen Frequencies, Calculation settings - Eigen Frequendes
Eigen Frequencies — General). Set the default settings. L S o %
Click Appl ! / % s
Ic PPy Eigen Frequendies - General
Click Start Calculation. |
_ &b | | GE B
2. In a pop-up window select a folder to save the result and

enter the file name. Dimensions:
IMENSIONS.

3. If the calculation is finished successfully, you will see a [ ]use spectral elements method
message in the Console: “Calculation finished successfully at [ ysempr
<date> <time>" as well as the required eigenvalues and Settings
frequencies.

Mumnber of eigenmodes | 10 E|
® iLowest
ID Target 0.0
() Interval
20 - 250

[ preload model
Results analysis

1. Compare the obtained results to those given in the picture.

IUsing 4 CPU cores of 4 available - HPC Local (Standard) is installed.
parse ins done

parse solver done

FidesysCalc parse fc done

Start eigensolver...

Stop eigensalver,

eigenfrequency(1) = 2.37906 Hz

eigenfrequency(2) = 5.96363 Hz

eigenfrequency(3) = 5.96363 Hz

eigenfrequency(4) = 9.54439 Hz

eigenfrequency(s) = 11.9937 Hz

eigenfrequency(d) = 11.9937 Hz

eigenfrequency(7) = 15,568 Hz

eigenfrequency(3) = 15.568 Hz

eigenfrequency(3) = 20,5544 Hz

eigenfrequency(10) = 20.5544 Hz

Calculation finished.

Calculation finished successfully at 2015-08-26 00:19:54

Fidesys >

£
\, Command j"ukiﬂ. Error [\ History /
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2. Open the file with the results. You can do this in one of the three ways.

e Click Ctrl+E.

e Select Calculation — Open Results in the Main
Menu. Click Open last result.

e Select Calculations Manager on Command
Panel (Mode — Calculations Manager,

Cdcuhﬁon] Help

% Open Results

Ctrl+E

& Open Results in new window Ctrl+Shift+E

Calculations Manager — Results). Click Open Results.

3. You can see the way the body is deformed under the applied pressure.

Select a filter Warp By Vector to do this. Set the following parameters in the

tab Properties:

e Vectors: Eigenvalue_# (# stands for the number of the eigenvalue);

e Scale Factor: 200.

As a result, the deformed body is displayed at the picture. To see the
original model, click ® near it in the Model Tree. The picture below shows

the deformed model at different eigenvalues.

4. Display the 3D-view of the model (shell with
thickness).

To do this, click on the name of the source file in the
Model Tree. After this click 3D-view button in the
default string.

The file *_3D.pvd with a 3D-image of the shell must
be opened and you will be able to apply various filters
to it and to view its deformed view.

Using Console Interface

Mode - Calculations Manager

Command Panel ®
=% thJ

Calculations Manager - Results

E@

D: fwork/test.pvd

[ open in new window

COpen last result
- - . . :
Fipeline Browser B X Layout
1 -
[ builtin: L

1
Lr test14.pvd
Y e

@ W) WarpByvector1

For geometry generation, meshing, setting boundary conditions and materials you can use Console
Interface. The following program code allows performing the steps of the above-described guide, you only
need to manually specify the full path and name of the file to be saved.
Here is an example of the working script (the file is saved in D;/FidesysBundle/calc/example.pvd):

reset

set node constraint on

create surface rectangle width 10 zplane
curve all interval 32

curve all scheme equal

surface 1 scheme Auto

surface 1 scheme Auto

mesh surface 1

create displacement on node all dof 1 dof 2 dof 6 fix ©
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create displacement on curve all dof 3 fix ©

create displacement on curve 2 4 dof 4 fix ©

create displacement on curve 1 3 dof 5 fix @

undo group begin

create material "material 1" property_group "CUBIT-FEA" description "Hook material”
modify material "material 1" scalar_properties "MODULUS" 2e+11 "POISSON" ©.3 "DENSITY"
8000

undo group end

set duplicate block elements off

block 1 surface 1

block 1 material 'material 1'

block 1 element type shell4

undo group begin

block 1 attribute count 2

block 1 attribute index 1 value 0.05

block 1 attribute index 2 value 0.5

undo group end

analysis type eigenfrequencies elasticity dim3

eigenvalue find 10 smallest preload off

spectralelement off

usempi off

analysis type eigenfrequencies elasticity dim3

eigenvalue find 10 smallest preload off

spectralelement off

usempi off

calculation start path 'D:/FidesysBundle/calc/example.pvd’

It is also possible to run the file Example_9 _Eigenvalue_Shell jou, by selecting Journal Editor on
E Toolbar. In a pop-up window of the main menu select File — Open and open the necessary journal

file.
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Setting heat transfer (3D, working with two blocks)

The 3D problem of a hollow two-material cylinder which inner and outer z 4

surfaces undergo the convection is being solved.

The pictures represent a geometric model of the problem:

The inner radius of the cylinder Ri = 0.30 m, the middle radius of the cylinder
(at the place of material changing) Rm = 0.35 m, the external radius of the
cylinder Re =0.37 m.

Convective heat exchange with internal temperature Ti = 70 ° C and coefficient
hi = 150 W/ m?/°C occurs on the inner surface of the cylinder. Convective heat

exchange with exterior temperature Te = -15 °C and coefficient he = 200 W/
m2/°C occurs on the outer surface of the cylinder.

Materials are isotropic. The material heat transfer 1 is V1 = 40 W/(m-°C). The
material heat transfer 2 is V2 = 20 W/(m-°Q).

Test pass criterion is the following:
at the point (0.3, 0, 0) heat flux ¢ = 6687 W/ m?is within 1%.

Geometry creation

Command Panel

1. Create the first cylinder. Mode - Geometry

Select volume geometry generation section on Command Panel ’ 5

9

(Mode - Geometry, Object - Volume, Action - Create). Select e

Cylinder in the list of geometric elements. Specify the cylinder

dimensions: C'

¢

=

e Height: 0.01; &
e Circular; Action - Create
e Radius: 0.3, a A <y R =
Click Apply. & K
Cylinder -
Height |0.01] |
(@) Circular () Elliptical

Radius |0.3
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2. Create the second cylinder.

Select volume geometry generation section on Command Panel (Mode — Geometry, Entity — Volume,
Action — Create). Select Cylinder in the list of geometric elements. Specify the cylinder dimensions:

e Height: 0.01;

e (Circular;
e Radius: 0.35.
Click Apply.
2ovver Tools g X
s @ | W
Current View |Full Tree v

3. Create the third cylinder.

Select volume geometry generation section on Command Panel
(Mode — Geometry, Entity — Volume, Action — Create). Select
Cylinder in the list of geometric elements. Specify the cylinder
dimensions:

4 T Volumes

& Volume 1
= @ Volume 2
& @ Volume 3

o Height: 0.01; — o
e Circular: > BR Boundary Cenditions
’ [ Q Materials
e Radius: 0.37. B Blocks
. He Side Sets
Click Apply. T3 Node Sets

BE Boundary Layers

As a result, three generated entities are displayed in the Model
Tree (Volume 1, Volume 2 and Volume 3). £

Command Fanel g X
Mode - Geometry

4. Subtract the first cylinder from the second one. ‘ . @ =

Select volume geometry generation section on Command Panel Entity - Volume
(Mode — Geometry, Entity — Volume, Action — Boolean). Select
Subtract in the list of operations. Set the following parameters: Q‘ ¢ /- * & g
e Body ID: 2 (volumes from which other volumes will be y
subtracted);

&
)

Action - Boolean
e Substract bodies (ID): 1 (the volumes to be subtracted); ) -

' Y a
o Keep Originals. iR i

Click Apply. & X

| ) Subtract -

—
¢-€¢
.. Body ID(s) |2

B Body ID(s) |1

Keep Criginals
|:| Imprint
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5. Subtract the second cylinder from the third one.

Select volume geometry generation section on Command Panel (Mode — Geometry, Entity — Volume,
Action — Boolean). Select Subtract in the list of operations. Set the following parameters:

e Body ID: 3 (volumes from which other volumes will be subtracted);

e Substract bodies (ID): 2 (the volumes to be subtracted);

e Keep Originals. —— —
Click Apply. O 2 | ) | [ | ] |
Current View |FuIITrn.=-_e - |

i Volume 4
b @ Volume 3

As a result, five generated entities are displayed in the Model
Tree: Volume 1, Volume 2, Volume 3, Volume 4 and Volume 5. —
Delete the thirst three bodies by right-clicking and selecting » e Eﬂunzary Conditions

Delete. I 44 Materials

Two entities: Volume 4 and Volume 5 are left in the Model | @ Blocks

Tree. B Side Sets
‘}:‘E Mode Sets

kL Boundary Layers

(I e >

Command Panel g X
Mode - Geometry

6. Unite obtained objects.
Select volume geometry generation section on Command ‘ . @ =

Panel (Mode — Geometry, Entity — Volume, Action — Impirint Entity - Volume
And Merge). Select Merge in the list of operations. Set the

following parameters: m ¢ /- * ﬁ g

&l
Q

o Body ID:4 5 (the volumes to be united). y
Click Apply.

Action - Imprint Merge

A = R B
© X

|I'~'1erge - |

Body ID(s) (45 |

[] Group Results
[] set Tolerance

=4k
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. Command Panel g X
MeShlng Mode - Mesh

1. Select meshing on curves section on Command Panel ‘ .‘@
(Mode — Mesh, Entity — Curve, Action — Meshing). Specify the =

parameters of mesh refinement: Entity - Curve

e Select Curves: all (mesh will be creat on all the curves); . @ | % “
e Select the way of meshing: Equal;

. SHE|A =+
e Select the meshing parameters: Interval,

e [nterval: 200. E

&l
o

&

Click Apply. Action - Mesh
i ? 2 2 x A
Select Curves
al |
Get Settings For Curve 7
|Equal - |
Command Panel g X () Approximate Size () Auto Size () Interval
Mode - Mesh
Interval |2[J[J |
399-Li=

Entity - Volume
2. Select volume mesh generation section on Command Panel

.‘ < /% @b s (Mode - Mesh, Entity — Volume, Action — Mesh).

e Select volumes: all (mesh will be creat on all the volumes);

e Select meshing scheme: Polyhedron.

E Click Apply Scheme.
Action - Mesh Click Mesh.
m | ? 2@ R
5 B E S
Select Volumes
al |
Select Meshing Scheme
|Pnlyhedrnn -

Q ﬁ Apply Scheme

Check For Overlapping Surfaces
Apply Scheme Before Meshing

Scheme: sweep Mesh
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Setting material and element type
1. Create Material 1.

Select setting the material properties section on Command Panel (Mode — Blocks and Materials, Entity —
Material, Action — Create Material). Enter the name for the material. Set the following parameters:

o (oeff. of Thermal Expansion: 40.
Click Apply.

2. Create Material 2.

Select setting the material properties section on Command Panel (Mode — Blocks and Materials, Entity —
Material, Action — Create Material). Enter the name for the material. Set the following parameters:

o (oeff. of Thermal Expansion: 20.

Click Apply.
Command Panel & x| Command Panel g x
Mode - Blocks and Materials Mode - Blocks and Materials
3299~ 2P Lw
Entity - Material Entity - Material
Action - Create Material Action - Create Material
MName: | Material 1 | Mame: | Material2
Description: Description: |
[ |setiD []setID
[ | Copy Material Material 1 -« | ] Copy Material Material 1 -
Property Group: |Hunk Material - | Property Group: |H00k Material -
Property Value  * Property Value
Young's Modulus Young's Modulus
Shear Modulus Shear Modulus
Poiszon's Ratio Poisson's Ratio
Density Density
Specific Heat Specific Heat
Conductivity Conductivity
Coeff. of Thermal Expansion 40 Coeff. of Thermal Expansion 20
Yield Strength in tension Yield Strength in tension
Ultimate Strength in tension Ultirnate Strength in tensicn
Ultimate Strain in tensicn Ultimate Strain in tension
Yield Strength in compression _ " ‘..fr.l.e.ld Strength m. c?mpressmn "
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3. Create Block 1.

. . . . Command Panel 8 x
Select setting the material properties section on Mode - Blocks and Materials
Command Panel (Mode — Blocks and Materials, Entity —
Block, Action — Manage). Select Add in the list of possible ‘ . @ = % tl
operations. Set the following parameters: _
Entity - Block
e Block ID: 1; 5
e Entity type to be united into the block: Volume; di @ % I
e ID:4. Action - Manage
Click Apply. 2| 9 @_
Add -
Block ID | 1
Select
() Group () Tet
(@ Volume ) Face
() Surface () i
() Curve () Edge
() Vertex () Mode
l:::l Hex
1D(s) |4

[ ] Allow Elocks to Contain Duplicate Elements
4. Assign the material to block 1.

Select setting the material properties section on Command
Panel (Mode — Blocks and Materials, Entity — Block, Action —
Manage). Select Assign Material to Block in the list of possible

operations. Set the following parameters: ‘ . @
e Block(s) ID: 1:
Material 1. di @ E % I
Click Apply. Action - Manage

| Assign Material to Block - |

Command Panel B X
Mode - Blocks and Materials

= | 5 &

Entity - Block

e Select the previously created material in the List:

Block ID(s) | 1 |
Available Materials
Material 1 - |
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5. Create Block 2. Command Panel 8 X

Select setting the material properties section on Made - Blocks and Materials

Command Panel (Mode — Blocks and Materials, Entity — ‘ . @ % t}
Block, Action — Manage). Select Add in the list of possible =

operations. Set the following parameters: Entity - Block
e Block ID:2; di @E % I

e Entity type to be united into the block: Volume;

e ID'5. Artion - Manage
Click Apply. | R @

| Add v

Block ID |2 |
Select
ID Group D Tet
(®) Volume ) Face
() Surface () i
() Curve () Edge
() Vertex ) Mode
D Hex
D) |5

[] Allow Blocks to Contain Duplicate Elements

6. Assign the material to block N22.

Select setting the material properties section on
Command Panel (Mode — Blocks and Materials, Entity —
Block, Action — Manage). Select Assign Material to Block

in the list of possible operations. Set the following ‘ . @

parameters:

Command Panel B X
Maode - Blocks and Materials

= B &

e Block(s) ID: 2; Entity - Block
e Select the previously created material in the Llist: q @ E % I
Material 2. .
Action - Manage
Click Apply. %
|Assigr1 Material to Block > |
Block ID(s) |2 |

Available Materials
iMaterial 2 v:
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7. Assign the element type to the both of blocks. |:: Panel a x|

Select setting the material properties section on Command Mode - Blocks and Materials
Panel (Mode — Blocks and Materials, Entity — Block, Action

— Manage). Select Element Type in the list of possible ‘ . @ = @ tl
operations. Set the following parameters: Entity - Block

o Block(s) ID: all; & @

e Select: Volumes;

Action - Manage
e Volumes: Hex27.

Click Apply. TJ X @

|ElementType - |
Block ID(s) |1 |

Select

() Modes () Curves

() Surfaces (@) Volumes

Volumes

() Hex () Tetra

) Hexs () Tetra4

) Hexd () Tetras

() Hex20 () Tetralo

(@ Hex27 () Tetral4
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Setting boundary conditions r—r I

1. Set the process of convective heat exchange on the inner ~ Mode-Beundary Canditons

surface of the cylinder. ‘ 5 @ = @ T

Select Mode — Boundary Conditions, Entity — Convection, Action =
— Create on Command Panel. Set the following parameters:

e System Assigned ID;

e Entity List: Surface; ﬂ,
e Entity ID(s): 10; Action - Create
o Select the way of parameters setting: Surrounding; [ = i— E@ 22
e Value: 70; ID/Name
o C(Coefficient: 150. () New ID
. D MName
k A i
Click Apply (®) System Assigned ID
Convection Entity List
(@ Surface ) Tri
) Curve ) Face/Quad
() sideset ") Edge
Entity ID(s) | 10

(® surrounding
Value |?0 |

Coeffident | 150 |

) Top/Bottom

Top Value

Bottom Value
Coefficent Top Value

Coefficdent Bottom Value
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Command Panel 4

2. Set the process of convective heat exchange on the outer
Mode - Boundary Conditions

surface of the cylinder.

Select Mode — Boundary Conditions, Entity — Convection, Action — ‘ . @ = % tl
Create on Command Panel. Set the following parameters: Entity - Convection
System Assigned ID;
" ° & H P = § |2
e Entity List: Surface;
a | VvV = = | §l Id
e Entities ID: 15; ) '
. . Action - Create
e Select the way of parameters setting: Surrounding;
e Value:-15; o B = i x
o (oefficient: 200. ID/Name
Click Apply. () NewID
ID Mame

(®) System Assigned ID

Convection Entity List

(@ Surface () Tri

() Curve () Face/Quad

() Sideset () Edge
Entity ID(s) |15 |

(@ Surrounding
Value | -15 |

Coeffident | 200 |

() Top/Bottom
Top Value

Bottom Value
Coefficient Top Value

Coeffident Bottom Value

=3k
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|Eon1'na'1d Panel B X

3. Fix the base of the cylinder.

Mode - Boundary Conditions

= | &

Select Mode — Boundary Conditions, Entity — Displacement,
Action — Create on Command Panel. Set the following ‘ .
parameters:

Entity - Displacement

e System Assigned ID;
e Entity List: Surface;

|
I
=

e Entities ID: 12 13 16 17 (using space after each of them); E’, ,E,

o Degrees of Freedom: Z-Translation; Action - Create
e DOF Value: 0.
Click Apply.

o
2
il
Y

X

ID Mame

() Mew ID

D Mame

(@) System Assigned ID

Entity List

() volume i) Curve () Mode
(@ Surface () vertex (") Nodeset

Entity ID(s) |12 13 16 17
Degrees Of Freedom
] Al
[ | %ranslation Disp [ ] %-Rotation Disp
[] ¥-Translation Disp [] ¥-Rotation Disp
Z-Translation Disp [ ] Z-Rotation Disp

DOF Value |0

[ ] specify Combination
® Qverwrite Average

Smallest Largest

£
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Starting calculation i =) o2
Mode - Calculation settings

1. Set the type of the problem to be solved. ’

Select calculation setting section on Command Panel (Mode — g @ - % tl

Calculation settings, Calculation settings — Static, Static — Calculation settings - Static

Gene-ra.l). Sglect Dlmenspn - 3D. Untick next to the item 11| @ .‘G‘. %

Elasticity. Tick next to the item Heat transfer. 5| Y || -

Click Apply. Static - General

& i £

2. Set the solver settings.

Select calculation setting section on Command Panel (Mode —  Dmensions: L -
Calculation settings, Calculation settings — Static, Static — [ ] Use spectral elements method
Solver). Select the solver method (direct or iterative) and set [ ] usempr
Convergence Parameters in case of choosing an iterative one. Model
You can also leave all the settings by default.

] [ ] Elasticity
Click Apply. -

Plasticity

Click Start Calculation.

Finite deformations

3. In a pop-up window select a folder to save the result and Contact
enter the file name.

4. If the calculation is finished successfully, you will see a message in the Console: “Calculation finished
successfully at <date> <time>".

Results analysis

Calculation | Help
4% Open Results Ctrl+E
&: Open Results in new window Ctrl+Shift+E

1. Open the file with the results. You can do this in
one of the three ways. I

e Click Ctrl+E.

o Select Calculation — Open Results in the Main Menu. Click Open last result.

o Select Calculations Manager on Command Panel (Mode — Calculations Manager, Calculations
Manager — Results). Click Open Results.

Command Panel H X

Mode - Calculations Manager

399 -t =

Calculations Manager - Results

CEge

D: jworkftest.pvd

[] open in new window

Open last result
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2. Display the component of the heat flux.
In Fidesys Viewer window set the following parameters on Toolbar:
e Representation Mode: Surface;

e Representation Field: HeatFlux.

| @ HeatFlux 1|I'| |Magnitudn - | | | |Surﬁ:::e 1|r|

To display the color legend scale, click the button Switch the color legend visibility on Command
Panel.

3. Select a point where you need to view the heat flux.

In the Main Menu, select the filter Probe Location. In the tab Properties set the coordinates of the point A
where you need to view the stress:

e Show Point;
e Point (coordinates): 0.3 0 O;
e Number of Points: 1;
e Radius: 0.
Click Apply.

@ To apply all of the filters changes automatically, click Apply changes to parameters automatically on
Command Panel.

As a result, point A is displayed at the picture.

Pipeline Browser g X
|
[ builtin:
|

@ Ptestispvd

|
- "9l . |Probelocationl

Information I Display | Properties

Properties & X
& Apply @ Reset | 9 Delete | ?
Probe Type Fixed Radius Point Source v |
Show Paint | Center onBounds |
Point |0.3 o o |
Number of Paints | 1 B
Radius 0 |

Note: Move mouse and use 'P* key to change

nanint novsitinn
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4. View a numerical value of the heat flux ¢ at the selected point A.

See the heat flux values in the line HeatFlux in the tab Information in the field Data Arrays.

Data Arrays
Current data time: 1

double

& Materiallndex int [0, 0 | [6686.41, 6686.41], [-
< Temperature double (254171, 25.4171]

@ _Time double [0, 0]

2 vitkValidPointMask char [1,1]

The heat flux value is calculated using the following formula:

\/cpxz +@y2 + @2 =/ 6686.412 + (=0.00302395)2 + (8.02105e — 05)% = 6686.41

The difference between the obtained value 6686.41 and the required one 6 687 is 0.01%.

5. Download numerical data.

Select File — Save Data in the Main Menu or click Ctrl+S. Enter the file name (*.csv format), leave it by
default. Click OK. The saved file is an ordinary table of numerical data which can be opened in any text
editor.

Using Console Interface

For geometry generation, meshing, setting boundary conditions and materials you can use Console
Interface. The following program code allows performing the steps of the above-described guide, you only
need to manually specify the full path and name of the file to be saved.

Here is an example of the working script (the file is saved in D;/FidesysBundle/calc/example.pvd):
reset
create Cylinder height .01 radius 0.3
create Cylinder height .01 radius 0.35
create Cylinder height 0.01 radius 0.37
subtract body 1 from body 2 keep
subtract body 2 from body 3 keep
delete body 1 2 3
merge volume 4 5
curve all interval 200
curve all scheme equal
volume all scheme Polyhedron
mesh volume all
create material "Material 1" property_group "CUBIT-FEA"
modify material "Material 1" scalar_properties "CONDUCTIVITY" 40
create material "Material 2" property_group "CUBIT-FEA"
modify material "Material 2" scalar_properties "CONDUCTIVITY" 20
block 1 volume 4
block 1 material 'Material 1'

block 2 volume 5
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block 2 material 'Material 2'

block all element type HEX27

create convection on surface 10 surrounding 70 coefficient 150
create convection on surface 15 surrounding -15 coefficient 200
create displacement on surface 12 13 16 17 dof 3 fix @

analysis type static heattrans dim3

calculation start path " D:/FidesysBundle/calc/example.pvd”

on Toolbar. In a pop-up window of the main menu select File — Open and open the necessary

E It is also possible to run the file Example_10_Static_3D_Conduction.jou, by selecting Journal Editor
journal file.
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Setting heat transfer (2D)

2D problem of a hollow cylinder under the convection is being solved.

The picture below represents a geometric model of the problem:

m.

The inner radius of the cylinder is Rj = 0,30 m, the external radius is Re = 0,391 ‘

Convective heat exchange with internal temperature Ti = 500 °C and

coefficient hj = 150 W/ m?/°C occurs on the inner surface of the cylinder.

Convective heat exchange with exterior temperature Te = 20 °C and

coefficient he = 142 W/ m%/°C occurs on the outer surface of the cylinder.

The material is isotropic. The material parameters are E=210 GPa, v =0.3, V=40 W/(m - °C).

Test pass criterion: at the point (0,3;0;0) temperature T = 272.3 °C, heat flux ¢ = 3.416E4 W/m? are within

1 %.

Geometry creation

1. Create the first circle.

Select 2D geometry generation section on Command Panel (Mode @ ¢ {‘- A & g
— Geometry, Entity — Surface, Action — Create). Select Circle in the i)
list of geometric elements. Specify the circle dimensions:

e Radius: 0.3.
Click Apply.

Power Tools 5 ox
LR VL B NES
Current View |Fu|| Tree - |
Mame D~ Prope

P Volumes

4 ¥ Sheet Bodies
i &2 Body 1
i & Body 2
o laroups
Dﬁ Boundary Conditions
[ Q Materials
@ Blocks
B Side Sets
E‘{’ Mode Sets
BE Eoundary Layers

Command Panel g X
Mode - Geometry

399 s L=

Entity - Surface

m A S s R E

| Cirde - |

Spedify Cirde Using
(® Radius () Center Vertex () Vertex List

Radius ||:|3,1

() ¥Plane ) ¥Plane (@) ZFlane

2. Create the second circle.

Select 2D geometry generation section on Command Panel (Mode —
Geometry, Entity — Surface, Action — Create). Select Circle in the list of
geometric elements. Specify the circle dimensions:

e Radius: 0.391.

Click Apply.

As a result, two generated entities are displayed in the Model Tree (Body
1 and Body 2).
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Command Panel
Mode - Geometry

99

S r

3. Subtract the first circle from the second one.

Select volume geometry generation section on Command Panel
(Mode — Geometry, Entity — Volume, Action — Boolean). Select
Subtract in the list of operations. Set the following parameters:

&
Q

-
N

e Body ID: 2 (volumes from which other volumes will be
subtracted),

&

Action - Boolean
am A
& X

@ Subtract

- f
€

@ sody D) 2
B Body ID(s) |l

[] keep criginals
[+] Tmprint

Command Panel
Mode - Mesh

39

Entity - Curve

D e

S| =

==

Action - Mesh
i ?

Select Curves

9

&l

&

|

v |

EE:

Get Settings For Curve 3

| Equal

() Approximate Size () Auto Size (@) Interval

Interval |2|:|U|

Substract bodies (ID): 1 (the volumes to be subtracted);

e Imprint.
Click Apply.
Power Tools g x
SRR SEL IR NS
Current View |Fu|| Tree - |
MName D B Prope
@ Volumes

=

eet bodies

o[ 3 Body 2

As a result, only one entity
is displayed in the Model
Tree (Body 2).

Dﬁ Boundary Conditions
I A3 Materials

ﬂ Blocks

HE Side Sets

jl‘:{' MNode Sets

i Boundary Layers

Meshing

1. Select meshing on curves section on Command Panel
(Mode — Mesh, Entity — Curve, Action — Meshing). Specify the
parameters of mesh refinement:

o Select Curves: 3 2 (using space after each of them);

e Select the way of meshing: Equal;

e Select the meshing parameters: Interval;

Interval: 200.
Click Apply.




r\? CAE Fidesys — User Guide (version 1.6)

Command Panel
Mode - Mesh

q X

3

- o

Entity - Surface

e

&
&

Ao O A | e

==

Action - Mesh

m i ?

| [ il

Select Surfaces

[

select Meshing Scheme

TriMesh

=4

Setting material and element type

1. Create the material.

2. Select surface mesh generation section on Command Panel
(Mode — Mesh, Entity — Surface, Action — Meshing).

o Select surfaces (specify their ID): 3 (or by the command
all);

o Select meshing scheme: TriMesh.
Click Apply Scheme.
Click Mesh.

Command Panel
Mode - Blocks and Materials

3299 T

Entity - Material

&P T

Action - Create Material
a2 @

Material1

Mame:

Description:

[ |setm <requested id=

Select setting the material properties section on Command
Panel (Mode — Blocks and Materials, Entity — Material, Action
— Create Material). Enter the name for the material. Set the
following parameters:

o Conductivity: 40.
Click Apply.

[] copy Material  Steel

Property Group: |Huuk Material

Property Value
Young's Modulus 210e9
Shear Modulus
Poisson's Ratio 03
Density
Specific Heat
Conductivity 40

Coeff, of Thermal Expansion
Yield Strength in tension
Ultimate Strength in tension

Ultimate Strain in tension

Yield Strength in compression
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) Command Panel g X
2. Create a block of one type of the material. Mode - Blocks and Materials

Select setting the material properties section on ‘ . @ = % tl
Command Panel (Mode — Blocks and Materials, Entity —

Block, Action — Manage). Select Add in the list of possible Entity - Block

operations. Set the following parameters: E
e Block ID: 1; di @ % i
e Entity type to be united into the block: Surface; it
e ID: 3 (or by the command all). in X @_
Click Apply.
| Add - |
Block ID |1 |
Select
C:I Group l:::l Tet
() volume i) Face
(® Surface () i
() Curve () Edge
() vertex () Node
ID Hex
D) 3
[ ] Allow Blocks to Contain Duplicate Elements
3. Assign the material to the block. Commend Pandl 5 x

Mode - Blocks and Materials

= |5 &

Select setting the material properties section on Command
Panel (Mode — Blocks and Materials, Entity — Block, Action ‘ . @
— Manage). Select Assign Material to Block in the list of

possible operations. Set the following parameters: Entity - Block

e Block(s) ID: 1; di @

o Select the previously created material in the List:

Material 1. Action - Manage
Click Apply. 17 R %
| Assign Material to Block - |
Block ID(s) |1 |

Available Materials
Material 1 v
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4. Assign the element type.

Select setting the material properties section on Command Panel _
Command Panel (Mode — Blocks and Materials, Entity —  Mode - Blocks and Materials

Block, Action — Manage). Select Element Type in the list ‘ . @ = % tl of
possible operations. Set the following parameters:

Entity - Block

e Block(s) ID: 1;

e Select: Surfaces; @ @

e Surfaces: Tri3. Action - Manage

Click Apply. .
@R &

|E|v.=_'rnent Type - |

Block ID(s) |1 |
Select
() MNodes () Curves
(® Surfaces ) volumes

Surfaces

() Quad () Shel (T () Trishel
() Quad4 () shellda (@ T3 () Trishel3
() Quads () shelld () Tris () Trishells
() Quadd () shels () iz () Trishel7
() Quadg () HexShel
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Setting boundary conditions Command Panel 8 x

. . Mode - Boundary Conditi
1. Set the process of convective heat exchange on the inner o= - Eonaary Fenditons

surface of the cylinder. ’ g @ = @ 7
Select Mode — Boundary Conditions, Entity — Convection, _
Action — Create on Command Panel. Set the following Enfity - Comveclion
parameters: A = § &
e System Assigned ID;
a v =
e Entity List: Surface; = | = | = EH Id
e Entity ID: 10; Action - Create
e Select the way of parameters setting: Surrounding; 7 B— || 37
yore ] ] | &= i XY
e Value: 500;
ID/Mame
o (oefficient: 150.
) New ID
ick A i
Click Apply O Name

(®) System Assigned 1D

Convection Entity List

() Surface ) Tri

(@) Curve ) Face/Quad

() sideset () Edge
Entity ID(s) | 3 |

(® Surrounding
Value |50 |

Coefficient | 150 |

() Top/Bottom

Top Value

Bottom Value
Coefficent Top Value

Coefficdent Bottom Value
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2. Set the process of convective heat exchange on the outer Command Fanel g X
surface of the cylinder. Mode - Boundary Conditions
Select Mode — Boundary Conditions, Entity — Convection, ’ . @ = % t}
Action — Create on Command Panel. Set the following
parameters: Entity - Convection
e System Assigned ID;
ystem Assg ISR
e Entity List: Curve;
e Entity ID:2; & | Y= | 5|
o Select the way of parameters setting: Surrounding; Action - Create
e Value: 20; TJ JE E_ E@ x
e Coefficient: 142. -
Click Apply. 1D/Name
() New ID
) Name

(@) System Assigned ID

Convection Entity List

() Surface () Tri

(@) Curve () Face/Quad

() Sideset () Edge
Entity ID(s) |2 |

(@) Surrounding
Value | 20 |

Coeffident | 142 |

() Top/Bottom
Top Value

Bottom Value
Coeffident Top Value

Coeffident Bottom Value




’;’ CAE Fidesys — User Guide (version 1.6)

Starting calculation
1. Set the type of the problem to be solved.

Select calculation setting section on Command Panel (Mode —
Calculation settings, Calculation settings — Static, Static —
General). Select Dimension - 2D, Type of plane problem: Plane
deformed state. Untick next to the item Elasticity. Tick next to
the item Heat transfer.

Click Apply.

2. Set the solver settings.

Select calculation setting section on Command Panel (Mode —
Calculation settings, Calculation settings — Static, Static —
Solver). Select the solver method (direct or iterative) and set
Convergence Parameters in case of choosing an iterative one.
You can also leave all the settings by default.

Click Apply.
Click Start Calculation.

3. In a pop-up window select a folder to save the result and
enter the file name.

4. If the calculation is finished successfully, you will see a
message in the Console: “Calculation finished successfully at
<date> <time>".

Command Panel

Mode - Calculation settings

399 =

Calculation settings - Static

HEa L IR AL Js®

- o}

L
—

Static - General

Ok | "HE| £

Dimensions:

Plain state

(@ Flane strain
(") Plane stress

[] use spectral elements method

[] use mp1
Model

[ Elasticity
Flasticity

Heat transfer
Finite deformations

Contact

Results analysis

Calculation | Help

1. Open the file with the results. You can do this in I # Open Results

one of the three ways. &

Open Results in new window

Ctrl+E
Ctrl+Shift+E

e C(Click Ctrl+E.

e Select Calculation — Open Results in the Main Menu.
Click Open last result.

e Select Calculations Manager on Command Panel (Mode
— Calculations Manager, Calculations Manager —
Results). Click Open Results.

Command Panel

g X
Mode - Calculations Manager

399w

Calculations Manager - Results

a 0lal

D fwork ftest. pwd

[T] open in new window

Open last result
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2. Display the component of temperatures.
In Fidesys Viewer window set the following parameters on Toolbar:
e Representation Mode: Surface;

e Representation Field: Temperature.

| < Temperature - | |1 v| | | |Sur1'a::e hd |

To display the color legend scale, click the button Switch the color legend visibility on Command
Panel.

3. Select a point where you need to check the temperature.

In the Main Menu, select the filter Probe Location. In the tab Properties set the coordinates of the point A
where you need to view the stress:

e Show Point;
e Point (coordinates): 0.3 00;
e Number of Points: 1;
e Radius: 0.
Click Apply.

@ To apply all of the filters changes automatically, click Apply changes to parameters automatically on
Command Panel.

As a result, point A is displayed at the picture.

Pipeline Browser B X
T
[ builtin:
|

@ testis.pud

1
P9l 5|Probel ocation1

Properties & x
&' Apply @ Reset
Probe Type |Fixed Radius Point Source |
Show Paint
S Co——
Number of Points | 1 H
Radius o |

L
\# FIDESYS

Note: Move mouse and use 'P' key to change
point position
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4. Check a numerical temperature value T at the selected point A.

See the Temperature value in the line Heat flux in the tab Information in the field Data Arrays.

Data Arrays
Current data time: 1

Mame Data Type Data Ranges
2@ HeatFlux double [335312.7, 33512.7], [526.073, 526.073], [0, 0]

2 |nitialModelD int [475, 475]

The difference between the obtained value 272.347 and the required one 272.3 is 0.02%.

5. Display the component of the heat flux.
In Fidesys Viewer window set the following parameters on Toolbar:
e Representation Mode: Surface;

e Representation Field: HeatFlux.

2 HeatFlux * | |Magnitud - Surface -

A A8e+004
()4
{1 )4
=4{ )4
s4-{ ()4
s4-{ )4
=4 ()4
Jed-0)0)4

2 04e4004

3
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|
6. View a numerical value of the heat flux ¢ at the selected point A.

You can see the heat flux values in the line HeatFlux in the tab Information in the field Data Arrays..

Data Arrays
Current data time: 1

~danre

2 HeatFlux double 33512.7. 33512,

526.073, 526.073] [0. 0

o |nitialNodelD int [475, 475]

2 Materiallndex int [, 0]

& Temperature double [272.347, 272.347]
@ _Time double [0, 0]

2 vtkValidPointMask char [0, 0]

The heat flux value is calculated using the following formula:

02+ (pyz = \/33512.72 + 526.073% = 33516.82882

The difference between the obtained 33516.82882 and the required one 3.416E4 is 1.88%.
7. Download numerical data.

Select File — Save Data in the Main Menu or click Ctrl+S. Enter the file name (*.csv format), leave it by
default. Click OK. The saved file is an ordinary table of numerical data which can be opened in any text
editor.

Using Console Interface

For geometry generation, meshing, setting boundary conditions and materials you can use Console
Interface. The following program code allows performing the steps of the above-described guide, you only
need to manually specify the full path and name of the file to be saved.

Here is an example of the working script (the file is saved in D;/FidesysBundle/calc/example.pvd):

reset

set node constraint on

create surface circle radius 0.3 zplane

create surface circle radius 0.391 zplane

subtract body 1 from body 2 imprint

curve 3 2 interval 200

curve 3 2 scheme equal

surface 3 scheme TriMesh

mesh surface 3

undo group begin

create material "Material 1" property_group "CUBIT-FEA"
modify material "Material 1" scalar_properties "MODULUS" 2.1e+11 "POISSON" 0.3
"CONDUCTIVITY" 40

undo group end

set duplicate block elements off

block 1 surface 3

block 1 material 'Material 1°

block 1 element type tri3

create convection on curve 3 surrounding 500 coefficient 150
create convection on curve 2 surrounding 20 coefficient 142
analysis type static heattrans dim2 planestrain
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spectralelement off

usempi off

solver method auto try_other off

solver method auto try_other offcalculation start path "D:/FidesysBundle/calc/example.pvd"

on Toolbar. In a pop-up window of the main menu select File — Open and open the necessary

E It is also possible to run the file Example_11_Static 2D_Conduction.jou, by selecting Journal Editor
journal file.
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|
Setting thermoelasticity (2D)
bonu b.,Y3tHep [bx. Teopusi memnepamypHsix HanpsxeHud. M.: Mup, 1964, p. 259.

[Boley B, Weiner 1., Theory of thermal stresses (translated from English), Mir publ, Moscow, 1964, p.259 [in
Russian]]

The problem of static temperature load of the hollow cylindrical body of external radius R1 =4 m and inner
radius R2 = 3 m is being solved. Temperature effect applied to .

the inner edge of the cylinder AC is constant and equal to T1 =
30°C. Temperature effect applied to the inner edge of the
cylinder BD is constant and equal to T2 = 100°C.

»

Edges AB and CD are fixed on the symmetry condition:
e Zero X-Translation on the line AB;
e Zero Y-Translation on the line DC.

The material parameters are Young’s Modulus E = 200 GPa,
Poisson’s Ratio = 0.3, thermal expansion 11 = 0.0001 1/ °C.

Test pass criterion is the following: Displacement u, at the
point (3, 0, 0) is 0.0205014 m within 1%. L p

Command Panel [
Mode - Geometry

39D =

Entity - Surface

Geometry creation P S B @

1. Create Circle 1.

&1
o

Select volume geometry generation section on Command Panel y
(Mode — Geometry, Entity — Surface, Action — Create). Select Action - Create
Circle in the list of geometric elements. Specify the circle ) = _
dimensions: A sp x E=
e Radius: 4;
|Cirde - |

e Location: ZPlane.
Specify Cirde Using
(@ Radius () Center Vertex () Vertex List

Click Apply.

Radius | 4 |

() ¥Flane () YFlane (@) ZFlane

e
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2. Create Circle 2

Select volume geometry generation section on Command Panel
(Mode — Geometry, Entity — Surface, Action — Create). Select
Circle in the list of geometric elements. Specify the circle
dimensions:

Sower Tools 8 X
RRE SL BE k'S
Current View |Full Tree v
Name D~ Props

@ Volumes

e Radius: 3; . .
= EEL DOodIes
e Location: ZPlane. b 2 Body 1 1
Click Apply. - ;‘3 ri‘u“:}f h =
As a result, two generated entities are displayed in the Model > HE Boundary Conditionsly
Tree (Body 1 and Body 2). > @@ Materials
B Blocks
HE Side Sets
‘}3 MNode Sets
== Boundary Layers
£ >

Command Panel
Mode - Geometry

399
N Ndle

<

&
Q

3. Subtract the first circle from the second one.

Select volume geometry generation section on Command
Panel (Mode — Geometry, Entity — Volume, Action
Boolean). Select Subtract in the list of operations. Set the
following parameters:

&

&

Action - Boolean
A
@ X

| O subtract

e Body ID: 2 (volumes from which other volumes will be
subtracted);

e Substract bodies (ID): 1 (the volumes to be subtracted);

e Imprint.
Click Apply

As a result, only one volume is displayed in the Model Tree
(Body 1).

Rl
¢-€
@ sody D) |1

: B Body ID(s) |21

[ Keep originals
Imprint
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4. Leave a quarter of a surface (symmetry of the Command Panel g X

problem).

Select volume geometry generation section on Command
Panel (Mode — Geometry, Entity — Volume, Action —
Webcut). Select Coordinate plane in the list of possible
webcut types. Set the following parameters:

e Body ID: 1 (the surface to be webcut);
e Webcut with: YZ Plane;
e Offset value: 0;
e Imprint.
Click Apply.
Do the same for the ZX Plane:
o Body ID: 1 (the surfaces to be webcut);
e Webcut with: ZX Plane;
e Offset value: 0;
e Imprint.

Click Apply.

Mode - Geometry

3PP =T &

Entity - Violume

PO B8P
&

Action - Webcut

am S s R\
¢ X

Coordinate Plane -

Body ID(s) |1
® ¥z (o O oxy
Dffset Value 0

[ ] Rotate Plane

.................. %

[ ] tnclude Meighbars

[ ] Merge
[ ] Group Results

;Cf_:' g Preview

As a result, the original plane in the Model Tree is split into three (Body 1, Body 3, Body 4 ).

Power Tools
A @ W

Current View |Full Tree

Mame D

@ Volumes
4 2 Sheet Bodies
i 2 Body 1
i 2 Body3
b & Body4
b 2 Body 5
[» 46 Groups
I>% Boundary Conditions
i+ €3 Materials
3 Blocks
B side Sets
‘E’E Mode Sets

. = PR Py
£

ok =




r\? CAE Fidesys — User Guide (version 1.6)

Delete the bodies 1, 3 and 5. To do this, right-click on
these planes in the Model Tree and click Delete in
contextual menu. As a result, a quarter of the original
plane is left (Body 4):

Meshing

1. Select meshing on planes section on Command Panel (Mode — Mesh, Entity — Surface, Action —
Meshing). Select meshing scheme:

o Select surfaces (specify their ID): 7 (or by the command all);
e Select meshing scheme: TriMesh;

Click Apply Scheme.

Command Panel 5 X
Mode -Mesh

3990w

Entity - Surface

<@ 7k & =
H|A|~|+ |5

Action - Mesh
w72 B R
=] B &

Select Surfaces

E

Select Meshing Scheme
[Trivesh -

Bl

Check For Overlapping Surfaces
Apply Scheme Before Meshing

Scheme: Default Mesh
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2. Select meshing on planes section on Command Panel (Mode — Mesh, Entity — Surface, Action —
Intervals). Select the meshing interval:

o Select surfaces (specify their ID): 7 (or by the command all);

e Select meshing: Automatically;

e Move the cursor of the automatical multiplier to the third position from the left side.
Click Apply.
Click Mesh.

Command Panel 8 X
Mode - Mesh

Action - Intervals

w2 2 @ R

5| =
Select Surfaces
& |
| Auto -
Auto Factor
I 1 I 1 1 1 1 1 1 1
Fine |:| Coarse
I 1 1 1 1 1 1 1 1 1
DPropagate

Setting boundary conditions
1. Fix one side line in the X direction.

Select Mode — Boundary Conditions, Entity — Displacement, Action — Create on Command Panel. Set the
following parameters:

e System Assigned ID;
e Entity List: Curve;
e Entities ID: 4;
o Degrees of Freedom: X-Translation;
e DOF Value: 0.
Click Apply.
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Command Panel g x
Mode - Boundary Conditions
D= =
Entity - Displacement
(3
AN ERE
2| Y || = | 58|
Action - Create
2 .: ]
o B= 5?
ID/Mame
() MNew ID
DName
(@) System Assigned ID
Entity List

" Volume (®) Curve () Mode
() surface () vertex (") Modeset

Entity ID(s) |4
Degrees Of Freedom
[ a0
¥-Translation Disp [] x-Rotation Disp
[ ¥Translation Disp [] ¥-rotation Disp
[] zranslation Disp [] z-Rotation Disp

DOF Value [of

2. Fix one side line in the Y direction.

Select Mode — Boundary Conditions, Entity — Displacement, Action — Create on Command Panel. Set the
following parameters:

e System Assigned ID;
e Entity List: Curve;
e Entities ID: 15;
e Degrees of Freedom: Y-Translation;
e DOF Value: 0.
Click Apply.
3. Set the the thermal stress on the inner curve of the cylinder.

Select Mode — Boundary Conditions, Entity — Temperature, Action — Create on Command Panel. Set the
following parameters:

e System Assigned ID;

e Entity List: Curve;

e Entities ID: 17;

e Temperature value: 30.

Click Apply.
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4. Set the thermal stress on the outer curve of the cylinder.

Select Mode — Boundary Conditions, Entity — Temperature, Action — Create on Command Panel. Set the
following parameters:

e System Assigned ID;

e Entity List: Curve;

e Entity ID: 16;

e Temperature value: 100.

Click Apply.

Command Panel [
Mode - Boundary Conditions

P9 =

Entity - Temperature

L0 =5 @
XY |l=| ||
Action - Create

Ci

¥l
i
]
DX

ID/Mame

() Mew ID

D MName

(@) System Assigned ID
Temperature Entity List

) Volume (@ Curve () Mode
() Surface () vertex () Modeset

Entity ID(s) | 17 |
[ ] create On Thin-Shell Elements

Temperature Value |3o |
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Setting material and element type Command Panel & x
Mode - Blocks and Materials

= | 5 &

1. Create the material.

Select setting the material properties section on Command ‘ . @
Panel (Mode — Blocks and Materials, Entity — Material, Entity - Material

Action — Create Material). Enter the name for the material.
Set the following parameters: ‘@ @ % % I

Action - Create Material

¢ Young’s Modulus: 2e11;

e Poisson’s Ratio: 0.3; Tj Jl ‘CE ‘@

e Heat transfer: 1; Name:  Materiall
e Coeff. of Thermal Expansion: 1e-4. Description:
Click Apply.
[]setm
[] copy Material  Steel -
Property Group: |Hook Material -
Property Value &
Young's Modulus 2e11
Shear Modulus
Poisson's Ratio 0.3
Density
Specific Heat
Conductivity 1
Command Panel g X Coeff. of Thermal Expansion  1e-4
Made - Blocks and Materials Yield Strength in tension
Ultimate Strength in tension
‘ . @ E % t}' Ultimate Strain in tension
Entity - Block Yield Strength in compression _ »
Action - Manage

acd = 2. Create a block of one type of the material.

Block D |1 | Select setting the material properties section on
oo Command Panel (Mode — Blocks and Materials, Entity —
O aroup O Tet Block,t _Actlosn t—tthar:lage)_. Select A(:d |'n the list of possible
O Yolume O Face operations. Set the following parameters:

(®) Surface () Tri e BlockID:1

() curve () Edge e Entity type to be united into the block: Surface;
O Vertex O Node e ID: 7 (or by the command all).

I:::l Hex

D) |7 |

Click Apply.

[] allow Blocks to Contsin Duplicate Elements
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3. Assign the material to the block. Command Panel 8 x
Mode - Blocks and Materials

= @&

Select setting the material properties section on Command

Panel (Mode — Blocks and Materials, Entity —Block, Action — ‘ . @
Manage). Select Assign Material to Block in the list of possible
o Block(s) ID: 1;.

operations. Entity - Block
o Select the previously created material in the list:

Set the following parameters: ‘ﬁ @
Material 1. i x @

Action - Manage

Click Apply.
| Assign Material to Block v
Block ID(s) | 1 |
Available Materials
Material 1 -
Command Panel B X

T 4. Assign the element type.

399 -

Select setting the material properties section on Command Panel
% tl (Mode — Blocks and Materials, Entity — Block, Action —
_ Manage). Select Element Type in the list of possible operations.
Entity - Block .
Set the following parameters:

f@ @5 % I e Block(s) ID: 1;

Action - Manage e Select: Surfaces;

;D “ % e Surfaces: Tri3.

Click Apply.

| Element Type - |

Block ID(s) |1 |
Select

() Modes () Curves

(@ Surfaces () volumes

Surfaces

() Quad () Shel (T () Trishel
() Quad4 () shelld (@ Tri3 () Trishel3
() Quads () shelld () Tris () Trishells
() Quadd () shells () Tri7 () Trishel7

() Quad 9 () HexShel
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Starting calculation

1. Set the type of the problem to be solved.

Select calculation setting section on Command Panel (Mode —
Calculation settings, Calculation settings — Static, Static —
General). Select Dimension - 2D, Type of plane problem - Plane
stress. Tick next to the item Heat transfer.

Click Apply.

2. Set the solver settings.

Select calculation setting section on Command Panel (Mode —
Calculation settings, Calculation settings — Static, Static — Solver).
Select the solver method (direct or iterative) and set Convergence
Parameters in case of choosing an iterative one. You can also leave
all the settings by default.

Click Apply.
Click Start Calculation.

3. In a pop-up window select a folder to save the result and enter
the file name.

Command Panel

Maode - Calculation settings

299 -

Calculation settings - Static

T

D
oo b

Static - General

G| | EE

Dimensions: D -
Flain state
() Plane strain
(® Plane stress

[ Use spectral elements method

[ use Mp1
Model

[] Plasticity
Heat transfer
[ Finite deformations

Contact

4. If the calculation is finished successfully, you will see a message in the Console: “Calculation finished

successfully at <date> <time>".

Calculation | Help

Results analysis

1. Open the file with the results. You can do this in i

i % Open Results

Open Results in new window

Ctrl+E
Ctrl+Shift+E

one of the three ways.
e C(lick Ctrl+E.

o Select Calculation — Open Results in the Main Menu.

Command Panel

f X

Mode - Calculations Manager

399w

Calculations Manager - Results

| L

Click Open last result.

o Select Calculations Manager on Command Panel
(Mode — Calculations Manager, Calculations Manager
— Results). Click Open Results.

D fwork ftest. pwd

[T] open in new window

Open last result
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2. Display the uy component of the displacements field.
Set the following parameters on Fidesys Viewer Toolbar:

e Representation Mode: Surface With Edges;

e Representation Field: Displacement;

e Representation Component: 1.
2 Displacement * (11 - Surface With Edges -

As a result, the displacement field u, is displayed.
3. Select a point where you need to view the Displacement.

In the Main Menu, select the filter Probe Location in the tab Filters — Alphabetical. In the tab Properties set
the coordinates of the point E where you need to view the Displacement:

e Show Point;
e Point (coordinates): 30 0;
e Number of Points: 1;
e Radius: 0.
Click Apply.

@; To apply all of the filters changes automatically, click Apply changes to parameters automatically on
Command Panel.

As a result, point C is displayed at the picture.

Pipeline Browser & X | Layout#1X [ +
! T, —lr 1 ) — re— o
[ buitin: JE ISl m|8/o]x
@ ﬁbestﬂ.pvd

1
P ot ocaons |

=().0240

0.0200

0,0160
00,0120
E(),00800

={),00400

Ui(mh

[ Information I Display : Properties |

Properties & X
# Apply @ Reset ¢ Delete | ? |
Probe Type ;'Fixed Raaius P;:int Source v |
Show Point Center onBounds |
Point |3 o o

Number of Points | 1 3
Radius o 5
Note: Move mouse and use 'P' key to change \p FIDESY:
point position
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4. View a numerical valueof Uy at the selected point C.

You can see the required value in the tab Information in the field Data Arrays (the first value in the line
Displacement corresponds to the component u,,).

Data Arrays

Current data time: 1

[ame [1at3 ne [lata Banoe
(e Lo s 06D )
= nyy dounic ST O, T o, LT, T e, [0, 0
2 InitialModelD int [1,1]
o Materiallndex int [0, 0]
& Strain double [0.0024427, 0.0024427], [0.00675753, 0.00675753], [-0.00102955, -0.00102459], [-6.27743e-05, -6....
& Stress double [1.12887e+07, 1.12887e+07], [6.75108e+08, 6.75108e+08], [0, 0], [-9.65758e+06, -9.65753e+06], ...
2@ Temperature double [30, 30]
@  Time double [0, 0]
o vtkValidPointMask char [0, 0]

The difference between the obtained 0.0204953 and the required one 0.0205014 is 0.03%.
5. Download numerical data.

Select File — Save Data in the Main Menu or click Ctrl+C. Enter the file name (*.csv format), leave it by
default. Click OK. The saved file is an ordinary table of numerical data which can be opened in any text
editor.

Using Console Interface

For geometry generation, meshing, setting boundary conditions and materials you can use Console
Interface. The following program code allows performing the steps of the above-described guide, you only
need to manually specify the full path and name of the file to be saved.

Here is an example of the working script (the file is saved in D;/FidesysBundle/calc/example.pvd):

reset

set node constraint on

create surface circle radius 4 zplane

create surface circle radius 3 zplane

subtract body 2 from body 1 imprint

webcut body 1 with plane xplane offset © imprint preview
webcut body 1 with plane xplane offset © imprint

webcut body 1 with plane yplane offset @ imprint preview
webcut body 1 with plane yplane offset @ imprint

delete Body
delete Body
surface 7 size auto factor 3

surface 7 size auto factor 3

mesh surface 7

create displacement on curve 4 dof 1 fix @
create displacement on curve 15 dof 2 fix ©
create temperature on curve 17 value 30
create temperature on curve 16 value 100
undo group begin

1
1
1
1

w
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create material "Material 1" property_group "CUBIT-FEA"
modify material "Material 1" scalar_properties "MODULUS" 2e+11 "POISSON" 0.3
"CONDUCTIVITY" 1 "THERMAL_EXPANSION" ©.0001

undo group end

set duplicate block elements off

block 1 surface 7

block 1 material 'Material 1'

block 1 element type tri3

analysis type static elasticity heattrans dim2 planestress
spectralelement off

usempi off

solver method auto try_other off

solver method auto try_other off

calculation start path "D:/FidesysBundle/calc/example.pvd”

Editor on Toolbar. In a pop-up window of the main menu select File — Open and open the

E It is also possible to run the file Example 12 Static 2D_Termoelasticity.jou by selecting Journal
necessary journal file.
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|
Temperature load stability (beam model)

S.P. Timoshenko, J.M Manages “Theory of elastic stability” second edition. Dunod, 1966, 500 pages

The problem of stability of a body clamped at butts and subjected to the uniform temperature heat is being
solved.

The picture represents a geometric model of the problem.

A beam length is L = 200 mm. Rectangular cross section: width - 10 mm, thickness — 1 mm. Both ends of
the beam are rigidly fixed at all displacements and rotations.

The material is isotropic. Elastic modulus is E = 200 000 N/mm?, Poisson’s Ratio is v = 0.33, the coefficient
of thermal expansion is @=11.7-10°¢C™.

Test pass criterion is the following:
critical temperature is T,,;; = 7.028° C within 1% .

i)

Command Panel g X
Mode - Geometry

s A

Curwve

S S

&
a

Geometry creation

1. Create the line.

Select volume geometry generation section on Command Panel
(Mode — Geometry, Entity — Curve, Action — Create). Select Circle
in the list of geometric elements. Create using Location and Action - Create

L

Direction. Set Parameters: a B S R B
e Location: 00 0; m |
e Direction:100; Build Using
) () vertex IDs
e Length: 200. O Locations

(®) Location and Direction

ClICk Appl.y. Location :0 aa : %
Direction (100

Length  |200 |
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Meshing

1. Select meshing on curves section on Command Panel (Mode — Mesh, Entity — Curve, Action —
Meshing). Specify the parameters of mesh refinement:

e Select Curves: 1;
e Select the way of meshing: Equal;
e Select the meshing parameters: Interval,;

e |Interval: 20.

Click Apply.
Click Mesh.
Command Panel & x
Mode - Mesh
399w
Entity - Curve

@ @

Acton -Mesh
| | I [ [l '
P @ @
Select Curves
&
Get Settings For Curve 3 Get Settings
Equal =

() Approximate Size (_) Auto Size (@) Interval

Interval ‘ 20




r\? CAE Fidesys — User Guide (version 1.6)

Setting boundary conditions

1. Fix beam ends.

Select Mode — Boundary Conditions, Entity — Displacement,
Action — Create on Command Panel. Set the following ‘ . @ = %

parameters:

e System Assigned ID;

e Entity List: Vertex; LB =] §
o Entity ID(s): 1 2 (using space after each of them); ,ﬁ, g" = | = | §§ u

e Degrees of Freedom: All;

e DOF Value: 0.
Click Apply.

Command Panel
Mode - Boundary Conditions

399 s

Entity - Temperature

s

XY |=| - |EH
Action - Create

Ci
B
i
K

ID/Mame

() Mew ID

() Mame

(®) System Assigned ID

Temperature Entity List

) volume (@ Curve
() Surface () vertex

) Mode
() Modeset

Entity ID(s) |1

[ ] create On Thin-Shell Elements

Temperature Value | 1

Command Panel g x
Mode - Boundary Conditions

Q

Ci
2
i
®
X

ID/Mame

() Mew ID

() Name

(@ System Assigned ID

Entity List

(@) Volume () Curve () Mode
() Surface () vertex () Modeset

Entity ID(s) |12
Degrees Of Freedom
All
[] %7ranslation Disp [ ] x-Rotation Disp
[] rranslation Disp [] t-Rotation Disp
[] z-ranslation Disp [] Z-Rotation Disp

DOF Value |0

2. Set the temperature load.

Select Mode — Boundary Conditions, Entity — Temperature,
Action — Create on Command Panel. Set the following
parameters:

e System Assigned ID;
e Entity List: Curve;

e Entity ID(s): 1;

o Temperature value: 1.

Click Apply.
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Setting material and element type Command Panel g X
Mode - Blocks and Materials

1. Create the material. ‘ .
. . o = | B
Select setting the material properties section on Command @ tl

Panel (Mode — Blocks and Materials, Entity — Material, Action — Entity - Material

Create Material). Enter the name for the material. Set the ‘@ @ % % I
following parameters:

Action - Create Material

e Young’s Modulus: 2e5;
e Poisson’s Ratio: 0.33; a [#] Q t@

o (oeff. of Thermal Expansion: 11.7e-6.

Name: | Materiall
Click Apply. Description:

[1setn

[] copy Material  steel -

Property Group: |Htmk Material A

Property Value &
Young's Modulus 2e5
Shear Modulus
Poisson's Ratio 033
Density
Specific Heat
Conductivity
Coeff. of Thermal Expansion 11.7e-6

T — o 5 Yield Strength in tension

Mode - Blocks and Materials

3299

Ultimate Strength in tension

Ultimate Strain in tension
= % tl ..I.‘.E. reng |r.1lc!:lmpressmn y

Entity - Block

q @ E % I 2. Create the block of one type of the material.

Bctimy Memnetoye Select setting the material properties section on Command
) Panel (Mode — Blocks and Materials, Entity — Block, Action —
[l 2? Manage). Select Add in the list of possible operations. Set the

following parameters:

el

add v
| | e Block ID: 1;
Block ID | 1
et e Entity type to be united into the block: Curve;
() Group ) Tet o ID: 1 (or by the command all).
g Volume g Face Click Apply.
Surface Tri
(®) Curve () Edge
() Vertex () Mode
() Hex
D) |1

[ Allow Blocks to Contain Duplicate Elements
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3. Assign the material to the block. Command Panl 2 x

Select setting the material properties section on Command Mode - Blocks and Materials

Panel (Mode — Blocks and Materials, Entity — Block, Action
— Manage). Select Assign Material to Block in the list of ‘ . @ = % tl

possible operations. Set the following parameters:

Entity - Block

e Block(s) ID: 1; di @

o Select the previously created material in the List:

Material 1. Action - Manage
Click Apply. 3| % @'
| Assign Material to Block - |
Block ID(s) | 1 |
Available Materials
Material 1 - |
Command Panel g X
Mode - Blocks and Material
ofe ~HioeE and TeTEnaE 4, Assign the element type.
‘ . @ = % t) Select setting the material properties section on Command
ity -Block Panel (Mode — Blocks and Materials, Entity — Block, Action —
Manage). Select Element Type in the list of possible
q @ E % I operations. Set the following parameters:
: e Block(s) ID: 1;
Action - Manage
) “ e Select: Curves;
D @ e Curves: Beam2.
|Elemer1tTyfpe - | Click Apply.
Block ID(s) | 1 |
Select
() Modes (@) Curves
() Surfaces () volumes
Curves

I:::l Bar I:::l Bar2 I:::l Bar3
l:::l Beam @ Beam2 {:} Beam3

() Truss () Truss2 () Truss3
() Flatquad
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Setting beam cross section profile Command Pansl

& X
1. Set the parameters of the beam. Mode - Blocks and Materials
Select setting the material properties section on Command ‘ . @ =5 % t;
Panel (Mode — Blocks and Materials, Entity — Beam _ _
parameters). Select the checkbox at Cross section profile. ~ Entity -Beam Properties
Select Rectangle from the list of possible profiles. Set the q @ E % I
following parameters:
e Block ID:1; Block ID & |
 Height (H): 10; CSRotation Angle 0,0 |
e Width (B): 1. (@ Select profile
Click Apply. Rectangle d
lZ
|
- y
|
B -
eight( 1) o
widtn B)

() Set Parameters

Inertia moment Iy 83.3333
Inertia moment Iz 0.833333
Inertia moment Ix 84,1667
Inertia moment Iyz 0

Inertia moment on torsion It | 3,12334
Area

Max x coordinate

Max y coordinate

10

0.5

5
¥ Eccentricity
7 Eccentricity
2
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Starting calculation

1. Set the type of the problem to be solved.

Select calculation setting section on Command Panel (Mode —
Calculation settings, Calculation settings — Stability, Stability —
General). Leave all the settings by default.

Click Apply.

2. Set the solver settings.

Select calculation setting section on Command Panel (Mode —
Calculation settings, Calculation settings — Stability, Stability
ocTb — Solver). Select the solver method (direct or iterative) and
set Convergence Parameters in case of choosing an iterative
one. You can also leave all the settings by default.

Click Apply.
Click Start Calculation.

3. In a pop-up window select a folder to save the result
and enter the file name.

Command Fanel

Mode - Calculation settings

3299 ~

Calculation settings - Stability

L D ||
2L @ P

Stability - General
b R

Dimensions:

Q

&
&

ok

[] use spectral elements method

[] use mPI
Settings

Mumber of buckling modes
@ Lowest

I:::l Target 0.0

() Interval

0.0 - 0.0

Model

Elasticity
[] Heat transfer

4, If the calculation is finished successfully, you will see a message in the Console: “Calculation finished
successfully at <date> <time>" as well as the required values of the critical value.

CDmmﬁpd Line n

load multipliers(5) = 63.3988 ~
load multipliers{a) = 85.0013

load multipliers(7) = 113.193

load multipliers(g) = 142,321

load multipliers{3) = 173,386

load multipliers{10) = 215.752

Calculation finished.

Calculation finished successfully at 2015-03-26 17:44:31

Fidesys =

£
\. Command /\ /% Error /\ History [
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Results analysis

1. Compare the obtained results to those given in the table.

Ne | Analitical FIDESYS

solution
Value, ° C Error

1 7.028 7.02982 0.03%
2. Open the file with the results. You can do this | Calculation = Help
in one of the three ways. Il 4% Open Results Ctrl+E \

e Click Ctrl+E. &5 Open Results in new window Ctrl+Shift+E

o Select Calculation — Open Results in the

Main Menu. Click Open last result. Command Panel 5 X
Mode - Calculations Manager

FsEe

Calculations Manager - Results

L=y

D: jwork ftest.pvd

o Select Calculations Manager on Command Panel

(Mode — Calculations Manager, Calculations ‘ .
Manager — Results). Click Open Results.

[7] open in new window

Open last result

3. Display the 3D-view of the model (beam with thickness).

» To do this, click on the name of the source file in the Model Tree in the pop-up Fidesys Viewer
window. After this click 3D-view button in the default string .

The file *_3D.pvd with a 3D-image of the beam must be opened and you will be able to apply various filters
to it and to view its deformed view.

4, Select a filter Warp By Vector.

Choose the new file example Beam_Stability_3D.pvd in the properties F X
Model Tree and display Filters Warp by Vector for it with the | ' Apply | | @ Reset | | 9 Delete | 2
following field values :

Vectors |disp|a::emer1t Mode 1 - |

e Vectors: displacements Mode 1

Scale Factor | 10 |

e Scale Factor: 10
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5. Display displacements Mode 1.

In Fidesys Viewer window set the following parameters on Toolbar:

@ displacement Mode 1 » | |Magnitudi | Critical value: | 7.029382 Surface -

Make sure that the first required critic temperature value is displayed in the window Critical value.

EF To apply all of the filters changes automatically, click Apply changes to parameters automatically on
Command Panel.

6. View results.

As a result, the deformed body is displayed at the picture. To see the original model, click ® near the
model in the Model Tree. The picture below shows the deformed (solid grey filling) and the original
model (with the field of displacements distribution for Mode 11).
Pipeline Browser & X | Layout #1 X + |
B buitin: | P & (368 m/B|0]x
@ mtestl‘?.pvd
@ @ test19_30D.pvd

- S

| Information | Display Properties |

Properties
Apply D Reset | 9% Delete
Vectors disélacement Mode 1 v
Scale Factor | 10
—_—
v \ DE
7. Download numerical data.

Select File — Save Data in the Main Menu or click Ctrl+S. Enter the file name (*.csv format), leave it by
default. Click OK. The saved file is an ordinary table of numerical data which can be opened in any text
editor.

Using Console Interface

For geometry generation, meshing, setting boundary conditions and materials you can use Console
Interface. The following program code allows performing the steps of the above-described guide, you only
need to manually specify the full path and name of the file to be saved.

Here is an example of the working script (the file is saved in D;/FidesysBundle/calc/example.pvd):
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reset

set node constraint on

create curve location @ @ © direction 1 © @ length 200
curve 1 interval 20

curve 1 scheme equal

curve 1 interval 20

curve 1 scheme equal

mesh curve 1

create displacement on vertex 1 2 dof all fix @

create temperature on curve 1 value 1

undo group begin

create material "Material 1" property_group "CUBIT-FEA"
modify material "Material 1" scalar_properties "MODULUS" 2e+05 "POISSON" ©.33
"THERMAL_EXPANSION" 1.17e-05

undo group end

set duplicate block elements off

block 1 curve 1

block 1 material 'Material 1°'

block 1 element type beam2

block 1 attribute count 14

block 1 attribute index 1 value 10 name 'A’

block 1 attribute index 2 value 3.12334 name 'It'
block 1 attribute index 3 value 84.1667 name 'Ix'
block 1 attribute index 4 value 83.3333 name 'Iy’
block 1 attribute index 5 value @ name 'Iyz'

block 1 attribute index 6 value ©.833333 name 'Iz'
block 1 attribute index 7 value © name 'angle’
block 1 attribute index 8 value @ name ‘ey’

block 1 attribute index 9 value © name 'ez'

block 1 attribute index 10 value 0.5 name 'max_y'
block 1 attribute index 11 value 5 name ‘'max_z'
block 1 attribute index 12 value @ name 'section_type'
block 1 attribute index 13 value 10 name 'geom_H'

block 1 attribute index 14 value 1 name 'geom_B'

analysis type stability elasticity dim3

eigenvalue find 10 smallest

spectralelement off

usempi off

solver method auto try_ other off

solver method auto try_ other offcalculation start path "D:/FidesysBundle/calc/example.pvd"

Editor on Toolbar. In a pop-up window of the main menu select File — Open and open the

E It is also possible to run the file Example 13 Stability Temperature Beam.jou, by selecting Journal
necessary journal file.
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Dynamic load: nonsteady heat transfer (3D, implicit scheme)

The 3D problem of 1D nonsteady heat transfer inside a beam is being solved.

The picture below represents a geometric model of the problem:

Temperature = 0°C A C B Temperature
N —— J/ = 100sin n_‘. G

T 40
[ —— ), T

The beam length is 0.1 m, square cross section is 0.01x0.01 m. The temperature at the point A is Ta =0 °C,
the temperature at the point B varies harmonically: Tg = 100 sin Z—;°C. The material parameters are
isotropic, V = 35 W/(m-°C), C = 440.5 J/(kg -°C), p = 7 200 kg/m°>.

Test pass criterion is the following: temperature T at the point C (0.8;0;0) at time t = 32c is 36.60°C within
2%.

Command Panel g X
Mode - Geometry

Geometry creation S . @ =

1. Create the sliver parallelepiped.

&l
Q

Entity - Violume
Select volume geometry generation section on Command ”
Panel (Mode — Geometry, Entity — Volume, Action — Create).
Select Brick in the list of geometric elements. Set the brick i

¢
&

dimensions:
Action - Create
e Width:0.1;
a A Sy =
o Height: 0.01; R
o Depth: 0.01. @ &
Click Apply. |Brick -
Brick Dimensions
X (width) |0.1 |
Y (height) |0.01 |

Z (depth) |0.01 |
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2. Combine left edge of the beam with the origin of
coordinates.

Set the following parameters: Select volume geometry
modification section on Command Panel (Mode — Geometry,
Entity — Surface, Action — Transform). Select Move in the list
possible webcut types. Set the following parameters:

e Volume:1;
e Select method: Distance;

e X Distance: 0.05.

Click Apply.
Command Panel B X
Mode - Mesh
‘ .‘ @ - % T Meshing
Entity - Volume

@
¢

I

v

-
&

ﬁ all);

. x Click Mesh.

Select Volumes
1 |

Select Meshing Scheme

'Palyhedron v

Command Panel g X
Mode - Geometry

329D =

Entity - Volume

NINdIERAL
&

Action - Transform

aEe s RE

&l
8

of

&

Indude Merged
Select Method
() To Coordinates
() To Entity
@ Distance
() In Direction Of Surface Mormal
() General Location

X Distance |0.05 |

¥ Distance | |

Z Distance | |

1. Creat the mesh of hexahedrons.

Select volume mesh generation section on Command Panel
(Mode — Mesh, Entity — Volume, Action — Mesh):

o o Z
H A + 'Q; o Select Volumes (specify their ID): 1 (or by the command

e The way of meshing: Polyhedron.

Click Apply Scheme.
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Command Panel g x
Setting material and element type Mode - Blocks and Materials

1. Create the material. ‘ . @ = % t)

Select setting the material properties section on Command gty - Material
Panel (Mode — Blocks and Materials, Entity — Material, Action —

Create Material). Enter the name for the material. Set the @ @ E % I

following parameters:

Action - Create Material

e Density: 7200; i =l Q ‘@

e Specific Heat: 440.5;

e Conductivity: 35. Name:  |Materialt
. Description:
Click Apply.
[]setip
[] copy Material  Steel -
Property Group: |Hmk Material -
Property Value 2

Young's Modulus
Shear Modulus

Poisson's Ratio

Density 7200
Specific Heat 4405
Conductivity 35

Coeff. of Thermal Expansion
Command Panel g X

Mode - Blocks and Materials
Ultimate Strength in tension

‘ . @ = % tl Ultimate Strain in tension
Entity - Elock Yield Strength in cormpression _ 9

9B HTI “

Action - Manage

Yield Strength in tension

10 x % 2. Create a block of one type of the material.

Select setting the material properties section on Command Panel
|Add ~ (Mode — Blocks and Materials, Entity — Block, Action — Manage).
Hlock D |1 | Select Add in the list of possible operations. Set the following

S parameters:

) Group () Tet e Block ID: 1;

(@) volume () Face Enti X X h " .
O Surface O T e Entity type to be united into the block: Volume;
- ) Edge e ID:1 (or by the command all).

() vertex () Node Click Apply.

ID Hex

D) [1 |

[ Allow Blocks to Contain Duplicate Elements
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3. Assign the material to the block. Command Panel g X
Mode - Blocks and Materials

= | B &

Select setting the material properties section on Command

Panel (Mode — Blocks and Materials, Entity — Block, Action — ‘ . @

Manage). Select Assign Material to Block in the list of

possible operations. Set the following parameters: Entity - Block

e Block(s) ID: 1; ‘5@ @

o Select the previously created material in the list:

) Action - Manage
Material 1.
Click Apply. g 2? %
| Assign Material to Block d

Block ID(s) | 1 |
Available Materials
‘Material 1 v

Command Panel B X

Mode - Blocks and Materials

‘ . @ & % T 4 Assign the element type.

Entity - Block Select setting the material properties section on Command
Panel (Mode — Blocks and Materials, Entity — Block, Action —
q @ 5 % I Manage). Select Element Type in the list of possible operations.
_ Set the following parameters:
Action - Manage

e Block(s) ID: 1;

D x @ e Select: Volumes;

Element Type - | e Volumes: Hex8.
Block ID(s) | 1 | Click Apply.

Select

() Nodes () Curves

() Surfaces (@) Volumes

Volumes

() Hex () Tetra

® Hex3 () Tetra4

() Hex9 () Tetras

() Hex20 () Tetra10

i) Hex27 () Tetral4
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Command Panel [

Setting boundary conditions
Mode - Boundary Conditions

1. Set the value of temperature applied to the left side of
the beam. ‘ . @ = @ tl
Select Mode — Boundary Conditions, Entity — Temperature, Entity - Temperature
Action — Create on Command Panel. Set the following Vm &
o)
parameters: = M= ":’ = E
e System Assigned ID; a | U = - gl u
e Entity List: Surface; Action - Create
e Entity ID(s): 4, = =] Eg EE@ x
e Temperature Value: 0.
Click Apply. e
() MNew ID
D Mame
(@) System Assigned ID
Temperature Entity List
() valume () Curve () Node
(@) Surface () vertex () Nodeset
Command Panel g X

Mode - Boundary Conditions Entity ID(s) |4 |

‘ [] create on Thin-Shell Elements
. @ E % t; Temperature Value ||:| |

Entity - Temperature

2. Set the value of temperature applied to the right side

é_!; £, = | = | BH of the beam.
_ Select Mode — Boundary Conditions, Entity —
Action - Create

Temperature, Action — Create on Command Panel. Set the
following parameters:

i
o
il
S
X

e System Assigned ID;

ID/Mame . .

o e Entity List: Surface;
Mew ID

o e Entity ID(s): 6;
Mame

e Temperature Value: 1.

Click Apply.

(®) System Assigned ID

Temperature Entity List
) Volume () Curve () Node
(@) Surface () Vertex () Nodeset

Entity ID(s) |6 |

[ ] create On Thin-Shell Elements

Temperature Value | 1 |
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Setting time dependency of boundary conditions

|Cunna1dPa1E| & X|

Mode - Boundary Conditions

3. Set time dependency of the temperature applied to
the right edge of the beam.

Select Mode — Boundary Conditions. Click on the button ‘ . @ (=== @ t}_

Time dependency on Command Panel. The pop-up menu
with the settings will be opened. On the left panel, select Entity
BC for which the time dependency will be set:
Temperature 2. Put a checkbox next to the item Formula.
Set the following parameters:

I= [
-2
l

—
44
—=p

[
=
S

e Time dependency type: Manually;
e Enter formula: 100*sin(0.0785%t).
Click Ok.

BC Name D Formula | Table | Plot |

i Tem perature 1

Custom -
| ' Temperature 2

| 188*sin(@.8785%t)

e || + [ - [ = Il 1 .

ssn || s | stn | ep || kg || kg

| |
Lo [ ws [ en | s R8O [ ()
| |
| |

soh || cosh || teh | abs | cel foor
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th
X

Starting calculation Command Panel

Made - Calculation settings
4. Set the type of the problem to be solved.

@
&
|

&l
Q

Select calculation setting section on Command Panel ‘

(Mode — Calculation settings, Calculation settings — e —

Dynamic, Dynamic — General). Set the following e

calculation parameters: 11| @ .@. %) s %
it v

e Dimension: 3D;
Dynamic - General

e Spectral element method;

[ TTT T =
e Spectral element order: 2; ﬁ | s

e Elasticity: untick;

. Dimensions:
e Heat transfer: tick;
o Use spectral elements method
e Scheme: Implicit;
Spectral element order
e Max time: 32;
[ Use MPI
e Steps count: 100.
:
Click Apply. Options
Click Start Calculation.
® steps com
() Time step 0.01
Model
[ ] Elastidity

Heat transfer
Finite deformations

5. In a pop-up window select a folder to save the result and enter the file name.

6. If the calculation is finished successfully, you will see a message in the Console: “Calculation finished
successfully at <date> <time>".
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Results analysis

1. Open the file with the results.

o Calculation | Help
You can do this in one of the three ways: -
. I’[ﬁé Open Results Ctrl+E J
o Click Ctrl+E. & Open Results in new window Ctrl+Shift+E
e Select Calculation — Open Results in the Main
Menu. Click Open last result. Command Fanel g x

Mode - Calculations Manager

LRI

Calculations Manager - Results

= 0le

D fworkftest. pvd

e Select Calculations Manager on Command Panel (
Calculations Manager, Calculations Manager — Results) “
Click Open Results.

[7] open in new window

Open last result

You can see the calculation results in the pop-up Fidesys Viewer window.

2. There is a menu on Toolbar which allows viewing animation. It consists of a cycle of solutions
calculated for every moment of time. Click “Last Frame” to see the model in time moment t = 32°C.

I <l > I> DI 5| sten: 4 . B

3. Display the component of the temperature.
In Fidesys Viewer window set the following parameters on Toolbar:
e Representation Field: Temperature;

e Representation Mode: Surface With Edges.

2 Temperature - | |1 - | | | |Surfa::e With Edges -

The model displays the mesh resulting from application of the spectral element method and the field of
temperature distribution.

To display the color legend scale, click the button Switch the color legend visibility on Command
Panel.
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= 1.040

=0.008)
(11955

4. To graph along one of the beam edges.

Select the filter Plot Over Line in the Main Menu. Set the Properties g X
coordinates of the points defining the line In the tab ) Reset 9 Delete || 2
Properties:

e Source: High Resolution Line; Source High Resolution Line Source =

. > .
e Show Line; Show Line

e Point 1 (coordinates): 0 -0.005 0.005; Pomtt |0 0.005 -0.00%
Point2 | 0. , ,
e Point 2 (coordinates): 0.1 -0.005 0.005; oni< 0.1 0.003 0.003
e Resolution: 100; K Axis
e PassPartialArrays L0
Click Apply. Z Axis
& To apply all of the filters changes automatically, click ~ Resolution 100 -
Apply changes to parameters automatically on  Mote: Move mouse and use 'F' key to change
point position

Command Panel.
PassPartialArrays

Click on the graph window appeared on the right side of the
screen.
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5. Display temperature change on the graph.

Click on the graph window, go to the tab "Display” in the filter control panel.

Set the Attribute Mode - Point Data

Next, in the field “Line Series”, set up labels against the parameters that you want to display on the graph.
Untick all the options except Temperature.

The temperature dependency at points belonging to the beam edge and the coordinates of these point
coordinates are displayed on the graph.

Display | Properties

Display B X
L]
Attribute Mode | & Point Data - |
¥ Axis Data

l:::l IUse Array Index From Y Axis Data

(®) Use Data Array  |arc_length -
Line Series
[m] Variable Legend Mame =

(] HeatFlux (0) [ HeatFlux (0)

(] HeatFlux (1) [ HeatFlux (1)

(] HeatFlux (2) [ HeatFlux (2)

(] HeatFlux (M... [J| HeatFlux (...

[ InitialNodelD . InitialModelD
Temperature . Temperature
[] Materialindex . Materiallndex
[] vtkvalidPoin... . wtkValidPoi...

[] arc_length . arc_length

] Points (0) B roints (0 v
Line Color | @ Choose Color... |
Line Thickness 2 B
Line Style |Solid -

L*

6. Check the numerical temperature value T at the point (0.08;0;0).

Move the cursor to the required point on the graph. You can see a tool tip with the temperature value.
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Temperature: (.08, 30,1947

35 4
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I
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20 4

1ir

L]

T T T T T T T T T
1] 0.1 02 003 0 005 .06 007 008 LEXEY .1

The difference between the obtained value 36.1947 and the required one 36.60 is 1.11%.

7. Download numerical data.

Select File — Save Data in the Main Menu or click Ctrl+S. Enter the file name (*.csv format), leave it by
default. Click OK. The saved file is an ordinary table of numerical data which can be opened in any text
editor.
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Using Console Interface

For geometry generation, meshing, setting boundary conditions and materials you can use Console
Interface. The following program code allows performing the steps of the above-described guide, you only
need to manually specify the full path and name of the file to be saved.

Here is an example of the working script (the file is saved in D;/FidesysBundle/calc/example.pvd):

reset

brick x 0.1 y 0.01 z 0.01

move volume 1 x 0.05

volume all size auto factor 5

mesh volume all

undo group begin

create material "Material 1" property_group "CUBIT-FEA"
modify material "Material 1" scalar_properties "DENSITY" 7200 "SPECIFIC_HEAT" 440.5
"CONDUCTIVITY" 35

undo group end

set duplicate block elements off

block 1 volume 1

block 1 material 'Material 1°

block 1 element type HEX8

create temperature on surface 4 value ©

create temperature on surface 6 value 1

bcdep temperature 2 value '100*sin(0.0785*t)’

analysis type dynamic heattrans dim3

dynamic scheme implicit maxtime 32 maxsteps 100
spectralelements on order 2

calculation start path "D:/FidesysBundle/calc/example.pvd”

Journal Editor on Toolbar. In a pop-up window of the main menu select File — Open and open the

E It is also possible to run the file Example 14 Dynamic 3D _Conduction_Spectrjou, by selecting
necessary journal file.
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|
Static load considering plasticity (3D)

NAFEMS Understanding Non-linear Finite Element Analysis Through Illustrative Benchmarks, Pressured cylinder
plasticity benchmark p.51.

The problem of static load of a cylinder with perfect plasticity is being solved.

The pictures below represent a geometric model of the problem:

Due to the symmetry, 1/8 part of the cylinder is considered. The model is also fixed on the symmetry
condition. The pressure of 140 Pa is applied to the inner edge. The material parameters are Young’s
Modulus E = 207000 Pa, Poisson’s Ratio v = 0.3, yield strength 5,=208. In the process of solving, the load is
split into 14 steps of loading.

Test pass criterion is the following: stress graphs owmises for P=140 coincide with the shown in the picture:

250.0

200.0

150.0 |

100.0

Effective stress

500

0.0 ; - !
100.0 120.0 140.0 180.0 200.0

I
I

2
=

Radius
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Geometry creation

1. Create the first cylinder.

Select volume geometry generation section on Command
Panel (Mode — Geometry, Entity — Volume, Action — Create).
Select Cylinder in the list of geometric elements. Specify the

cylinder dimensions:
e Height: 100;
e C(Cross section: Circular;

e Radius: 100;

Click Apply.

Power Tools g X
e @] ¥
Current View |Fu|| Tree - |
MName D~ Prope

M Vel
i T Volume 2 2

04 Groups

- HE Boundary Conditions

[ Q Materials
ﬂ Blocks
BE ide Sets

ﬁ Mode Sets
BE Boundary Layers

Command Panel
Mode - Geometry

399 =
o=

&
Q

| Cylinder - |

Height | 100 |

() Elliptical

(@ Circular

Radius | 100 |

2. Create the second cylinder.

Select volume geometry generation section on Command Panel (Mode —
Geometry, Entity — Volume, Action — Create). Select Cylinder in the list of
geometric elements. Specify the cylinder dimensions:

e Height: 100;
e Cross section: Circular;
e Radius: 200;

Click Apply.

As a result, two generated entities are displayed in the Model Tree (Volume
1 and Volume 2).
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3. Subtract the first cylinder from the second one.

Select volume geometry generation section on Command
Panel (Mode — Geometry, Entity — Volume, Action -
Boolean). Select Subtract in the list of operations. Set the
following parameters:

Command Panel
Mode - Geometry

3299

P r

&l
Q

Body ID: 2 (volumes from which other volumes will be

subtracted); y
e Substract Body ID(s): 1 (the volumes to be subtracted), Action - Boolean
e Imprint. @ A Sy x i
Click Apply. x
As a result, only one volume is displayed in the Model Tree o
(Volume 2). | © subvact -

—

¢
. Body ID(s) |2 |
B Body ID(s) |1 |

[ ] Keep Criginals
Imprint

Command Panel

x4,

‘ Select volume geometry generation section on Command Panel (Mode
— Geometry, Entity — Volume, Action — Webcut). Select Coordinate
Entity - Volume Plane in the list of possible webcut types. Set the following parameters:

< @ .
é .

Leave a quarter of a volume (symmetry of the problem).
Mode - Geometry

99

&
a

Volume ID(s): 2 (the volume to be webcut);

Webcut with: YZ Plane;

Action - Webcut e Offset value: 0;
m A S R = e Imprint.
& & Click Apply.
|Coordinate Plane - |
Do the same for the XZ Plane:
Body ID(s) |2 |
@ vz or O xr e Volume ID(s): 2 (the volume to be webcut);
Offset Value |0 | e Webcut with: ZXPlane;
[ rRotate Plane
-~ e Offset value: 0;
[ tncude MNeighbors ° Imprint.
[] Merge .
[] Group Results ClICk Apply
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As a result, the original volume in the Model Tree is split into three (Volume 2, Volume 3 and Volume 4).

Power Toals
M & @9 ¥

Current View |Full Tree

Mame D

4 (@ Volumes
&> [ Volume 2 2
I T Volume 3 3
b @@ Velume 4 4
I 43 Groups
D% Boundary Conditions
[+ Q Maternals
3 Blocks
EH Side Sets
jl‘:’{’ Mode Sets
BE Boundary Layers

Body 2 o A

Delete the volumes 2 and 3. To do this, select these volumes in the Model Tree holding down Ctrl and click
Delete in contextual menu. As a result, a quarter of the original volume is left (Volume 4):

Power Tools
M @ W

Current View |Ful Tree

Mame D

4 TP Volumes
I T Volume 4 4
I 53 Groups
I» ﬁ Boundary Conditions
[ Q Matenals
9 Blocks
B Side Sets
E‘E MNode Sets
ks Boundary Layers

[ A

o “
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&l

Meshin
g Command Panel
1. Select volume mesh generation section on Maode - Mesh
Command Panel (Mode — Mesh, Entity — Volume,
Action — Meshing). Specify the following ‘ .‘
parameters:
e Select volumes: 4; Entity - Violume
e Select meshing scheme: Polyhedron; .‘ *
Click Apply Scheme.
Bl H

™ ©

Select Volumes

a3

Select Meshing Scheme

Paolyhedron

Action - Intervals
m B %
H 5

&
i
@

following parameters:

Select Volumes
s
e Approximate s
Approximate Size - |
Approximate Size | 10 Click Apply.
Click Mesh.

e Select volumes: 4;

ize: 10

| e Select meshing scheme: Approximate size;

. x 2. Go to the section Intervals on Command Panel (Mode —

Mesh, Entity — Volume, Action Intervals). Specify the

The resulting number of elements can be viewed in the Property Page by clicking on the inscription Volume
4 in the Model Tree on the left.
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To view the mesh properties, you can follow these steps:
e Select the entire model
e Right-click on the model
e In the pop-up menu, select List Information - List Mesh Info

e Information on the mesh will be displayed in Command Line

Power Tools g X

R YNE EENES

Current View |Fu|| Tree - |

MName D~ Prope
4 TP Volumes

I & Volume 4 4
[ 3 Groups
» BE Boundary Conditions
[ Q Materials

9 Blocks

BE side Sets

E{ Mode Sets

BE Boundary Layers

< >
Volume 4

Properties Page F X

Perform Action

Whe?Ee R

Property Value
4 General
Id 4
Type Volume
MName Volume 4
Idless Signature calc
Color Mot Set
4 Geometry
Engine ACIS
Volume calc
4 Meshing
|s Meshed Yes ’ i’
L Number of Elements 2J00 2 (T
MNumber of Nodes 2783
Requested Intervals Mot Set
Requested Size 10(U) . Line 8 x
Meshed Volume calc
Mesh Scheme SubMap Hex 2200 0 2200 ~
. . Face 0 1080 1080
Smooth Scheme Equipotential Edge 0 2160 2160
4 Metadata MNede 1701 1082 2783
Part Name
Part Description Journaled Command: list volume 4 mesh
pi
Material Description Current entity is Volume 4.
Fidesys >
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. ors Command Panel g X
Setting boundary conditions Mod - Boundary Conditns

1. Fix one side (slice) along X axis. ‘ . @ = @ T

Select Mode — Boundary Conditions, Entity — Displacement, Action Entity - Displacement

— Create on Command Panel. Set the following parameters: ALY e
e System Assigned ID;
L XY= = 5|
e Entity List: Surface;
Action - Create
e Entity ID(s): 11 (or click on the left slice); ] a .
y ID(s): 11 ( ft slice) ol mE=Ee R
e Degrees of Freedom: X-Component;
IDMame
e DOF Value: 0. () b
Click Apply () Name

(@) System Assigned ID

Entity List
() Volume () Curve () Mode
(@) Surface () vertex () Modeset

Entity ID(s) |33
Degrees Of Freedom

[ al

Command Panel
Mode - Boundary Conditions

¥ Translation Disp
[ ¥ranslation Disp
[] zranslation Disp

[ %-Rotation Disp
[] t-potation Disp
[ z-Rotation Disp

DOF Value |0

399 s =

Entity - Displacement

& B = 3
e

2. Fix one side (slice) along Y axis by analogy.

ll

a o= || — | EE Set the following parameters:
Action - Create e System Assigned ID;
g = EE 57 22 e Entity List: Surface;
ID/Name e Entity ID(s): 27 (or click on the bottom slice);
() New ID e Degrees of Freedom: Y-Translation;
O Name e DOF Value: 0.

(@) System Assigned ID )
—— Click Apply.

3 vValume ) curve ) Node
(@ surface ) vertex () Nodeset

Entity ID(s) |35
Degrees Of Freedom

] ai

[] %ranslation Disp
Y-Translation Disp
[] 2ranslation Disp

[] %-Rotation Disp
[] ¥-Rotation Disp
[] z-Rotation Disp

DOF Value |0
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Command Panel g X
Mode - Boundary Conditions
3. Fix the bottom surface along Z axis by analogy. ‘ . @ = %
Select Mode — Boundary Conditions on Command Panel. Set the entity - Displacement
following parameters: 4 m || =8
e System Assigned ID; & | Y| =z 5|
e Entity List: Surface; Action - Create
o Entity ID(s): 29 (or clicking on the bottom edge of the model), 3] &= 22
e Degrees of Freedom: Z-Translation; g':z:em
e DOF Value: 0. © Name
(®) System Assigned ID
Click Apply. Entity List
() valume () curve () Node
(® Surface () vertex () Modeset
Entity ID(s) |32
Degrees Of Freedom
Command Panel F X ] an
Mode - Boundary Conditions [] %ranslation Disp [] x-Rotation Disp
[] ¥-ranslation Disp [] ¥-Rotation Disp
‘ . @ E @ t [W] z-ranslation Disp [] z-rotation Disp
Entity - Pressure DOF Value |0
& H P | =8
4. Apply pressure to the inner edge.
& |4 |=|z || N | |
Select Mode — Boundary Conditions, Entity — Pressure, Action — Create
Action - Create .
on Command Panel. Set the following parameters:
i = ,
3] A B— | " 22 e System Assigned ID;
s e Entity List: Surface;
() New ID
O Name o Entity ID(s): 30 (or click on the inner surface of the cylinder);
(@) System Assigned ID e Value: 160
Pressure Entity List X
(®) Surface ) Tri Click Apply.
() curve () Face/Quad
() Sideset () Edge

Enity DE)  [34 |
Magnitude Value | 100 |

All the applied boundary conditions must be displayed in the Model Tree on the left. Besides, the boundary
conditions are available for editing from the Model Tree.

To view all the applied boundary conditions, click Show BC in the top panel.

P 99992 IIE 2R -
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Setting material and element type

1.

Create the material.

Select setting the material properties section on Command Panel (Mode — Blocks and Materials, Entity —
Material, Action — Create Material). Set the following parameters:

Name: Materiall;

Description: Hook material

Property group: Hook material;

Young’s Modulus: 207e3;
Poisson’s Ratio: 0.3;

Yield strength: 208.

Click Apply.

Note: Since the case of perfect plasticity is regarded, the yield strength and ultimate strain are not
introduced.

Command Panel

Mode - Blocks and Materials

299

=

&'® 53 5=

Action - Create Material

o B @

&

Mame: | Material1

Description:

[ ]setn

ST
o =i

[ | Copy Material  Steel

ected id =
E51ed 1d =

Property Group: |Huuk Material

Property
Young's Modulus
Shear Modulus
Poisson's Ratio
Density
Specific Heat
Conductivity
Coeff. of Thermal Expansion
Yield Strength in tension
Ultimate Strength in tension

Ultimate Strain in tension

Yield Strength in compression

Value

207e3

03

208
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2. Create the block of one type of the material.

Select setting the material properties section on Command Panel (Mode — Blocks and Materials, Entity —
Block, Action — Manage). Select Add in the list of possible operations. Set the following parameters:

e Block ID: 1;
e Entity type to be united into the block: Volume;
e |D: 4 (or by the command all).

Click Apply.
Command Panel g X
Mode - Blocks and Materials
29I~ L&
Entity - Block
Action - Manage
Add - |
Block ID |1 |
Select
ID Group {:} Tet
(®) volume () Face
() Surface () Tri
) Curve () Edge
) Vertex ) Node
) Hex
ID(s) |4
[ ] Allow Blocks to Contain Duplicate Elements
3. Assign the material to the block.

Select setting the material properties section on Command Panel (Mode — Blocks and Materials, Entity —
Block, Action — Manage). Select Assign Material to Block in the list of possible operations. Set the following

parameters: | Assign Material to Block v
e Block(s) ID: 1;

Block ID(s) | 1 |
o Select the previously created material in the list:  available Materials
Material 1. ‘Material 1 -

Click Apply.
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4, Assign the element type.

Select setting the material properties section on
Command Panel (Mode — Blocks and Materials, Entity —
Block, Action — Manage). Select Element Type in the list
possible operations. Set the following parameters:

e Block(s) ID: 1;

e Select: Volumes;

e Volumes: HEX27.
Click Apply.

Starting calculation

1. Set the type of the problem to be solved.

|E|emer1tType - |
Block ID(s) |1 |
Select of
() Modes () Curves
() Surfaces (@) volumes
Volumes
) Hex () Tetra
() Hexg () Tetra4
) Hex3 () Tetrag
() Hex20 () Tetral0
(@) Hex27 () Tetral4

Select calculation setting section on Command Panel (Mode — Calculation settings, Calculation settings —

Static, Static — General). Select:
e Dimension: 3D;
e Model: Elasticity;
e Model: Plasticity.

e Nonlinear solver settings. Specify the following parameters:

e Maximum number of iterations: 200;
e The number of loading steps: 16;
e Tolerance: 1e-9.

Click Apply.

2. Set up Output Fields.

Select calculation setting section on Command Panel (Mode — Calculation settings, Calculation settings —
Static, Static — Output Fields). For nonlinear problems, results output is available at each loading step.
Make sure that the checkbox Output intermediate results is on.
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Command Panel g x
Mode - Calculation settings

399~ L=

Calculation settings - Static

SR L"

Static - General

g || H—
“1EE || =,
uE || O

[ ] use spectral elements method

[ ] Use MPI
Maodel

Elasticity
Flasticity
[ ] Heat transfer

[ ] Finite deformations ‘ . @ = % tl

Contact

Command Panel g x
Mode - Calculation settings

Calculation settings - Static

Setnonlinear options %’, -'f)é. |@I % ﬁ

Monlinear options

dr

Static - Qutput Fields
& | 12

[ ] calculate nodal and reaction forces

Min load steps | 16

Max load steps | 16

|
|
Max iterations |2CIU |
|

Tolerance
| 1e5 Output intermediate results

Click Start Calculation.

3. In a pop-up window select a folder to save the result and enter the file name. In this case, save the
calculation in the file test.pvd.

4. If the calculation is finished successfully, you will see a message in the Console: “Calculation finished
successfully at <date> <time>".

5. For nonlinear problems, convergence of iterations at each step of loading can be checked in the file
Convergence.txt. The file is downloaded into the folder test which is created next to the file test.pvd.




r{? CAE Fidesys — User Guide (version 1.6)

Mame = | Date modified Type Size | |
| test 25-Apr-14 12:03 PM File folder
|| test.pvd 25-Apr-14 12: 10 PM PVD File 2KE

Open the file test\Convergence.txt:

Make sure that the convergence with the set tolerance is reached at each step of loading.
CONVERGENCE ITERATIONS

LoadTime Residual
0.071429 50700.241485535989000
0.071429 ©0.000000000915691
0,142857 50700,241485575054000
0,142857 ©0,000000001017351
0,214286 50700,241485579267000
0,214286 ©,000000001169061
0,285714 50700,241485585524000
0,285714 0,000000001352515
0,357143 50700,241485593193000
0,357143 0,000000001542185
0,428571 50700,241485601844000
0,428571 ©,000000001740132
0,500000 50700,241485610350000
0,500000 0,000000001895954

Results analysis

Calculation | Help
4 Open Results Ctrl+E

&5 Open Results in new window Ctrl+Shift+E 7

1. Open the file with the results. You can do this in
one of the three ways. I

e Click Ctrl+E.

e Select Calculation — Open Results in the Main Menu. Click Open last result.

e Select Calculations Manager on Command Panel Command Panel & X
(Mode — Calculations Manager, Calculations Manager ~ Mede - Calculations Manager

— Results). Click Open Results.
»clickop 399 - s

Calculations Manager - Results

E}; To apply all of the filters changes automatically, click

Apply changes to parameters automatically on ] \ a‘

Command Panel. S

D: jworkftest.pvd

[] open in new window

Open last result
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2. Display the Stress field owmises and the mesh on the model.

To do this, invoke the filter Invariants by the quick access button on the Fidesys Viewer panel

rlﬁ?:ﬂ

Leave only the checkbox Stress intensity for this filter in the tab Properties in the Model Tree.
Pipeline Browser 8 X
ﬁ builtin:
@ -Itest:_'l.pud

> SO
| Information | Display | Properties |

Properties B X
+ apply ) Reset | i Delete | ?

Mises Stress Intensity
[ ] Mizes Strain Intensity
[ ] Principal Stress
[ ] Principal Strain

On the Fidesys Viewer toolbar, set the following parameters:
e Representation Mode: Surface With Edges;
e Representation Field: Stress (Mises);

e Surface With Edges.

< Sfress Mises - | | - | Surface With Edges -
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3. Build the Stress distribution (Mises) along the radius of the cylinder.
To do this, open Filter — Alphabetical- Plot over line.

In the tab Properties for the filter Graph along the linel, set parameters as it is shown in the picture below.
After this, go to the tab Display and select only the field Stress_Mises for display:

I
- T PlotOverLine 1 |

Display f X
Attribute Mode | © Point Data -
X Axis Data
Pipeline Browser 8 x C:I Use Array Index From Y Axis Data
ﬁ il (@) Use Data Array |arc_length -
|
@ -Itestzl.pud Line Series
I iants1
- -. nvanan [m] Wariable Legend Mame 2
PlotOverLinel
E [ ] Strain (3) B stein3)
| Information | Display | Properties | [ ] Strain (4) . Strain (4]
Properties 8 x [] Strain (3) B strain (s)
&' Apply (@ Reset | & Delete | P [ strain (Mag... [l Strain (Mag...
& = [ Intensity Pla... | Intensity PL...
InitialMedelD InitialMedelD
Source |High Resolution Line Source | S [:ils:lac:mee = Sils;::ac:mee
Show Line [ Displaceme... [J] Displaceme...
Pointl |,:I | |U | |U | [] Displaceme... . Displaceme...
_ [ ] Displaceme... . Displaceme...
Point2 |2CIU | |EUU | |5':I | Stress Mises . Stress Mises
| ¥ Axis | (] Materialindex [J| Materialindex
[] wtkValidPain... . vtkValidPoi...
| i Axis | [l arc_length [ arc_length
| - | [ ] Points (0) . Paints (0]
[ ] Points (1) B roint= (1)
Resolution 100 E| [ ] Points (2) B roints (2)
Note: Move mouse and use 'P' key to change [] Points (Mag... [l Points (Ma...
point position [ ] vtkOriginall... . vtkOriginall...
PassPartialArrays W
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As a result, the distribution graph of the stress field (Mises) along the radius of the cylinder will appear on
the graph to the right.

Layout #1 X +

2= ) [ ER =R EIgEE AR A = mB |0 x
210+
20} ~
14H
184}~
170~
16} =
154k~
14k
134+
—_— 12+
4
114 T T 1
10} 1540 20} 250

4. Download numerical data.

Select File — Save Data in the Main Menu or click Ctrl+S. Enter the file name (*.csv format), leave it by
default. Click OK. The saved file is an ordinary table of numerical data which can be opened in any text
editor.

Using Console Interface

For geometry generation, meshing, setting boundary conditions and materials you can use Console
Interface. The following program code allows performing the steps of the above-described guide, you only
need to manually specify the full path and name of the file to be saved.

Here is an example of the working script (the file is saved in D:;/FidesysBundle/calc/example.pvd)
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reset

create Cylinder height 100 radius 200

create Cylinder height 100 radius 100

subtract body 2 from body 1

webcut body 1 with plane xplane offset ©

webcut body 1 with plane yplane offset ©

webcut body 4 with plane zplane offset ©

delete Body 5

delete Body 1

delete Body 3

volume 4 scheme Auto

volume 4 size 10

mesh volume 4

create material "Material 1" property_group "CUBIT-FEA"
modify material "Material 1" scalar_properties "MODULUS" 207e3 "POISSON" 0.3
"YIELD_STRENGTH" 208

set duplicate block elements off

block 1 volume 4

block 1 material 'Material 1'

create displacement on surface 32 dof 3 fix

create displacement on surface 33 dof 1 fix

create displacement on surface 35 dof 2 fix

create pressure on surface 34 magnitude 140

block 1 element type HEX27

analysis type static elasticity plasticity dim3
nonlinearopts maxiters 1000 loadsteps 10 tolerance le-3
calculation start path "\\ns25\calc_MPI\nointerfacel.pvd"
calculation start path "D:/FidesysBundle/calc/example.pvd"

It is also possible to run the file Example_15 Plasticity 3D.jou by selecting Journal Editor on
E Toolbar. In a pop-up window of the main menu select File — Open and open the necessary journal

file.
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Contact interaction modeling (3D)

G. DUMONT: “Method of the active stresses applied to the unilateral contact” Note HI-75/93/016
(http.//www.code-aster.org/V2/doc/v10/en/man_v/v1/v1.01.246.pdf)

The Hertz problem for the two hemispheres is being solved. The pictures below represent a geometric
model of the problem:

X

Due to the symmetry, %4 part of the hemispheres is considered. The model is also fixed due to the condition
of symmetry. On the upper side of the first hemisphere Displacement Uy = -2 mm is applied; Displacement
Uy = 2 mm is applied on the bottom side of the second hemisphere. The material parameters are Young’s

Modulus E = 2e4 MPa, Poisson’s Ratio v = 0.3. Command Panel g ox

Test pass criterion is the following: Mode - Geometry

at the point G oy, = -2798.3 MPa ‘ . @ = % & o)
Entity - Volume
> &P

o
4

Geometry creation
. Action - Create
1. Create the first sphere.
. =3 P
Select volume geometry generation section on Command “ ! Yl x EI
Panel (Mode — Geometry, Entity — Volume, Action — Create).
Select Sphere in the list of geometric elements. Set the o K
sphere dimensions:
e Radius: 50; Sphere - |
Click Apply. Radius |50 |
[ ] Hollow
Inner Radius
[ ] Partial
XY Positive XY Negative
%Z Positive XZ Negative
YZ Positive YZ Negative

Inverse
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Command Panel [ b)
Mode - Geometry )

3 A

Move the created sphere along the Oy axis.

Select Mode — Geometry, Entity — Volume, Action -
Transform on Command Panel. Set the following parameters:

&l
Q

Entity - Volume e In the drop-down list, select: Move;

@ @ tf" * & g e Volume (ID): 1 (or click with a mouse on the created
sphere);

ﬁ e Select method: Distance;

Action - Transform e Distance along Y: 50.

oA S e R
© X

|Muue hd |

Volume ID(s) (1 | 3. Create the second sphere.

Indude Merged Select volume geometry generation section on Command
Select Method Panel (Mode — Geometry, Entity — Volume, Action — Create).
() To Coordinates Select Sphere in the list of geometric elements. Set the sphere

. dimentions:
() To Entity
(®) Distance e Radius: 50;
() In Direction Of Surface Normal Click Apply.
() General Location

X Distance | |

¥ Distance | 50 |

Z Distance | |

4. Move the second sphere along the Oy axis.

Select Mode — Geometry, Entity — Volume, Action — Transform on Command Panel. Set the following
parameters:

e Inthe drop-down list, select: Move;
e Volume (ID): 1 (or click with a mouse on the created sphere);

e Select method: Distance;

e Distance along Y: -50.
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As a result, two generated entities are displayed in the Model Tree (Volume 1 and Volume 2). At the same

time, both spheres contact at the point (0,0,0).

Power Tools B X
- E YL BN

Current View |Fu|| Tree - |

Mame I Prope

4 TP Yolurmes
I T Volume 1 1
I T Volume 2 2
= 504 Groups
=} Boundary Conditions
[ Q Materials
ﬂ Blocks
HE side Sets
jl:{ Mode Sets
B Boundary Layers

5. Leave half of the first sphere.

To do this, cut the first (upper) sphere by the ZX plane on center.
Select Mode — Geometry, Entity — Volume, Action — Webcut on
Command Panel. Select Coordinate Plane in the list of possible
webcut types. Set the following parameters:

e Body ID: 1 (or click with a mouse on the upper sphere);

e Set the ZX checkbox;

e Offset value: 50.
Click Apply.

As a result, the upper sphere must be split into two parts.

Command Panel B X
Mode - Geometry

s s

Entity - Volume

PO BT

|Cnnrdinate Plane -

Body ID(s) (1
¥z . 7 ) xy

Offset Value | 50

[ ] Rotate Plane

|:| Imprint
Include Meighbaors

|:| Merge

[] Group Results
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6. Leave half of the second sphere.

To do this, cut the second (upper) sphere by the ZX plane on center. Select Mode — Geometry, Entity —
Volume, Action — Webcut on Command Panel. Select Coordinate Plane in the list of possible webcut types.
Set the following parameters:

e Body ID: 2 (or click with a mouse on the upper sphere),
e Set the ZX checkbox;
e Offset value: -50.

Click Apply.
Power Tools 5 X
As a result, the bottom NE YL BENES
sphere must be split into | CurrentView |Full Tree v
two parts. Name D~ Prope
F . 4 P Volumes
our resulting volumes > @ Volume 1 1
must be displayed in the b @ Volume2 2
Model Tree on the left. > @ Volume 3 3
@@ Volume 4 4
P Groups
> B Boundary Conditions
> @ Materials
& Blocks
BE side Sets
B Node Sets
i Boundary Layers

Command Panel g X
Mode - Geometry

29T =

Entity - Volume

7. Remove the excess volumes. n ¢) f e & g

It is necessary to remove the uppermost and the bottommost
volumes. Select Mode — Geometry, Entity — Volume, Action y
— Delete on Command Panel. Set the following parameters:

Action - Delete

e Body ID: 3 2 (or click on the uppermost and the
bottommost volumes holding down CTRL); A Ny R =,

Click Apply.
© X

Volume ID(E) |32
|:| Keep Lower Geometry

£
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|"3'“"'""""E"""-?| Panel SR Leave a quarter of spheres (symmetry of the problem).
Mode - Geometry

Select volume geometry generation section on Command

‘ . @ = % t} Panel (Mode — Geometry, Entity — Volume, Action — Webcut).

Select Coordinate Plane in the list of possible webcut types.
Set the following parameters:

O @‘ /- * a g o Volume ID(s): all (the volumes to be webcut);

e Webcut with: YZ Plane;

Entity - Volume

e Offset value: 0.
Action - Webcut Click Apply.

a B S e RE

|Eoordinate Plane - |
sody D) A
@ ¥z R () xy
Offset Value |0 |
[ ] Rotate Plane
[ ] Imprint
Indude Meighbars
|:| Merge
[ ] Group Results
| K = X |Em'rrna'1d Panel 5 X
é@ - | - | | Bpply | Mode - Geometry
2399 = L=
Entity - Violume
Do the same for the XZ Plane: O ¢ /- * ﬂ g
e Volume ID(s): all (the volumes to be webcut); i
e  Webcut with: XZ Plane;
e Offset value: 0; Action - Webcut
o Imprint. A Sy x =
Click Apply. o g

| Coordinate Plane - |

sody D09 NI
. Yz ) O wr

Offset Value |0 |
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Command Panel H X
Mode - Geometry

9. Remove the excess volumes.

Select Mode — Geometry, Entity — Volume, Action — Delete on ’ g @ =

Command Panel. Set the following parameters: Entity - Volume
&P

e Body ID: 597 6 10 8 (or by holding down CTRL, click w
successively on all volumes, except those that are in the
first and eighth coordinate quarter); y

Click Apply.

&
Q

4

Volume ID(=) 5976108
|:| Keep Lower Geometry

As a result, two volumes must be left in the Model Tree on the left - Volume 1 and Volume 4.

Power Tools B X
S | @2 ||

Current View |Fu|| Tree - |

Mame ] Prope

a TP Volumes
I T Volume 1 1
[ G Volume 4 4
= 4 Groups
oy | Boundary Conditions
[ Q Materials
H Blocks
b Side Sets
jl:{’ Mode Sets
i Boundary Layers
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Meshing Command Panel F X

. . Meode - Mesh
1. Select volume mesh generation section on

Command Panel (Mode — Mesh, Entity — Volume, ‘ .‘ @ = % tl
Action — Meshing). Specify the following
parameters: Entity - Violume

e Select volumes: all; .‘ > /.. * “

e Select meshing scheme: Polyhedron;

&

Click Apply Scheme. Sl Al — || + Eﬁz
Action - Mesh

Select Violumes
Command Panel 5 X
Mode - Mesh |'d |
‘ .‘ @ = % tl Select Meshing Scheme
|Pulyhedrnn - |
Entity - Violume

&

: ?
De 7 + =@
Check For Overlapping Surfaces
v =
NI}' i ‘5‘ = _+_ 5& Apply Scheme Before Meshing

Action - Intervals
m R ? 2
5 B

2. On Command Panel, go to the section Intervals (Mode
— Mesh, Entity — Volume, Action — Intervals). Specify the
following parameters:

Select Volumes
|al | e Select volumes: all;
e Select meshing scheme: Automatically calculate;
Auto -
| | e Move the slider one scale division to the left
Auto Factor
1 1 1 1 1 1 1 1 1 1 CliCk Apply.
Fine |:| Coarse 5
1 1 1 1 1 1 1 1 1 1 Click Mesh.

|:| Propagate
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The result of the actions should be the following model partition into finite elements:

Command Panel & x|
Setting boundary conditions Mode - Boundary Canditions

1. Fix side edges at direction X. ‘ . @ = % L 2

Select Mode — Boundary Conditions, Entity — Displacement, Action —

Create on Command Panel. Set the following parameters: LI = |
e System Assigned ID; & | U e=| = | §H ]d
e Entity List: Surface; Action - Create

e Entity ID(s): 25 33 (or select surfaces with the mouse as it is 13| B =
shown in the picture below);

il
]
&

IDMame
o Degrees of Freedom: X-Translation Disp; P
e DOF Value: 0. ) Name

(®) System Assigned ID

Entity List

() Volume () curve () Mode
(® Surface () vertex () Modeset

Click Apply.

Entity ID(s) | 25 33
Degrees Of Freedom
] a
X-ranslation Disp [ ] X-Rotation Disp
[ vIranslaton Disp [ Y-Rotation Disp
[] zTranslation Disp  [_] Z-Rotation Disp

DOF Value |
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Command Panel A =
Mode - Boundary Conditions
299 s =
Entity - Displacement
(5
L= s [
LY = = |5
Action - Create
[Ep—
7l B =] iZ 5/"‘)
[=
IDMame
() Mew ID
) Mame

@ System Assigned ID

Entity List
) Volume ) Curve ) Node
@ Surface () Vertex () Nodeset

Entity ID(s) 25 33
Degrees Of Freedom

[T a0

¥-Translation Disp [7] %-Rotation Disp Command Panel B X
[[] YTranslation Disp ~ [] Y-Rotation Disp Mode - Boundary Conditions
[] zranslation Disp || z-Rotation Disp
399 =L =
DOF Value 0
Entity - Displacement
[ specify Combination l rn &
22
@ Overwrite Average = =3 lb = E =
Smallest Largest i
Y & | Y |=|z | 5@l
2
Action - Create
. B a
| & i=|i2 | R
[ ——
IDMame
() Mew ID
2. Fix side edges at direction Z by analogy () Name

Set the following parameters: (®) System Assigned ID

e System Assigned ID; Entity List
. . () Volume () Curve ) Node
e Entity List: Surface; ® Suface O Vertex O) Nodeset

Entity ID{s) 2331
Degrees Of Freedom

(]l

o Entity ID(s): 23 31 (or select surfaces with the mouse as it is
shown in the picture below);

e Degrees of Freedom: Z-Translation Disp;

e DOF Value: 0.
Click Apply.

[] ®-Translation Disp
[] ¥-Translation Disp
Z-Translation Disp

DOF Yalue 0

[] x-Rotation Disp
] ¥-Rotation Disp
[] Z-Rotation Disp
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Command Panel g x
3. Set the displacement Uy = -2 on the upper edge of the first Mode - Boundary Conditions

hemisphere by analogy ‘ . @
s &

Set the following parameters:

e System Assigned ID; Entity - Displacement

e Entity List: Surface; LB s § R
. Ezgtizp:i(rse)).; 24 (or click on the upper edge of the upper & g, — u
e Degrees of Freedom: Y-Translation; Action - Create
e DOF Value: -2, | #@{= R
Click Apply. e
() Mew ID
() Mame
(@) System Assigned ID
Entity List

() volume ) Curve () Node
(®) Surface () vertex () Nodeset

Entity ID(s) |24
Degrees Of Freedom
L] Al
[] %ranslation Disp [ ] ¥-Rotation Disp
Y-Translation Disp [ ] ¥-Rotation Disp
[] Zranslation Disp [ ] Z-Rotation Disp

DOF Value | -2

4. Set the displacement Uy = 2 on the bottom edge of the second hemisphere by analogy
Set the following parameters:

e System Assigned ID;

e Entity List: Surface;

o Entity ID(s): 34 (or click on the bottom edge of the bottom hemisphere);

e Degrees of Freedom: Y-Translation Disp;
e DOF Value: 2.
Click Apply.
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Power Toals H X

All the applied boundary conditions should be displayed in the
Model Tree on the left. In addition, the boundary conditions can | *# & | = | ? | ¥ |
be edited from the Model Tree.

Current View |Fu|| Tree - |

To view all the applied boundary conditions, please click Show D - prlA

BC on the top panel MName
PP . 4 @ Volumes

> G Volurme 1 1
&> G Volume 4 4
I+ b Groups
J% Boundary Conditions
&R CFD
4 = FEA
,; Forces
E‘. Accelerations
=f-."'., Velocities
E Pressures

4 =4 Displacements
I =4 Displacement

I =3 Displacement
I =4 Displacement
I =4 Displacement
1 onstraints

@ Convections
lb' Heat Fluxes
== (Contact Regions

— Contact Pairs W
Command Panel X - N

Mode - Boundary Conditions

399 =L =

Entity - Contact Region

Setting contact interaction

1. Set Contact Region 1.
L B s [ &2
Select Mode — Boundary Conditions, Entity — Contact Region,
& gr o= || = || H Action — Create on Command Panel. Set the following
parameters:
Action - Create e System Assigned ID;
o B = 7 x e Entity List: Surface;
ID/Name o Entity ID(s): 32 (or select with the mouse the convex
surface of the bottom hemisphere);
) New ID
Click Apply.
I:::I MName I PPYY
(®) System Assigned ID
Contact Region Entity List 2. Set Contact Region 2.
(®) Surface O i Select Mode — Boundary Conditions, Entity —Contact Region,
() Curve () Face/Quad Action — Create on Command Panel. Set the following
() Edge parameters:

| e System Assigned ID;

Entity ID(s) |32
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e Entity List: Surface;
o Entity ID(s): 26 (or select with the mouse the convex surface of the upper hemisphere);
Click Apply.
3. Set the Contact pair.
Select Mode — Boundary Conditions, Entity — Contact Pair, Action — Create. Set the following parameters:
e System Assigned ID;
o ID/Master region name: 1 (the bottom hemisphere);
e ID/Slave region name: 2 (the upper hemisphere);
o Keep all other settings of the contact pair by default
Click Apply.

Power Tools g X

e | @ |2 | ¥

Command Panel f X
Mode - Boundary Conditions

Current Yiew |FuIITrEE "| ‘ . @ = % tl
Mame [5] - Pr # Entity - Contact Pair
- &3 CFD &
455 FEA I:L E .b = E =
! Forces
E‘.. Accelerations —_ || = | T = Ei

i-.":. Yelocities
m Pressures

R Temperatures ’ij E ?

4 = Displacements

I =4 Displacernent 1
I =3 Displacernent 2 —
I =4 Displacement 3 () New ID
[ =4 Displacement 4
P! () Mame
;I Constraints
@ Convections (@) System Assigned ID
4 == Contact Regions Master Region ID or ‘Mame' | i

I» == Cgntact Regicn
[» == Contact Regicn

Slave Region ID ar ‘Mame' |2

|
|
- Contact Pairs R |':"':I |
Contact Pair Allowable Penetration |U.U |
Mormal Stiffness | 1.0 |
W

< > Tangent Stiffness | 0.5 |
Contact detection tolerance |U. 1 |

[] Tied

Contact Regions and Contact Pair should be displayed in the Model Tree on the left.
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Setting material and element type Command Panel & X
Mode - Blocks and Materials

1. Create the material. ‘ . @ = % tl

Select setting the material properties section on Command Entity - Material
Panel (Mode — Blocks and Materials, Entity —Material, Action @ 5 % I
— Create Material). Set the following parameters: (@

e Name: Material 1; Action - Create Material

e Description: Hook material 13 [=] Q ‘@

e Property group: Hook material,;

Mame: Material 1
¢ Young’s Modulus: 20 000; |
Description:
e Poisson’s Ratio: 0.3;
Click Apply.
[[]setD
[ ] Copy Material Material 1 -
Property Group: |H:mk Material -
Property Value (N
Young's Modulus 20000
Shear Modulus
Poisson's Ratio 02
Command Panel B X .
Mode - Blocks and Materials Density
Specific Heat

’ . @ = % t) Conductivity

Coeff. of Thermal Expansion
Yield Strength in tension

Entity - Block
q @ E % I Ultimate Strength in tension
Ultimate Strain in tension

Action - Manage Yield Strength in compression _ v

Add - 2 Create the block of one type of the material.

Block ID |1 | Select setting the material properties section on Command
Select Panel (Mode — Blocks and Materials, Entity — Block, Action
) Group O Tet — Manage). Select Add in the list of possible operations. Set
® Volume ) Face the following parameters:

() Surface ) Tri e Block ID: 1;

) Curve () Edge e Entity type to be united into the block: Volume;
() vertex ) MNode e |D:all

= Click Apply.

D) |l |

[ ] allow Blocks to Contain Duplicate Elements
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3. Assign the material to the block.

Select setting the material properties section on Command |A55,-gn Material to Block < |
Panel (Mode — Blocks and Materials, Entity — Block, Action
— Manage). Select Assign Material to Block in the list of
possible operations. Set the following parameters: Available Materials

e Block(s) ID: 1; Material 1 =

o Select the previously created material in the list:
Material 1.

Click Apply.

Block ID(s) | 1 |

Command Panel H X
Mode - Blocks and Materials

299 =T =

E9EET

e 4, Assign the element type.
'TJ x % Select setting the material properties section on Command
Panel (Mode — Blocks and Materials, Entity — Block, Action —
|E|ementTwe - | Manage). Select Element Type in the list of possible
operations. Set the following parameters:
Block ID(s) |1 |
Select e Block(s) ID: 1;
() Nodes () Curves e Select: Volumes;
Sl Sl e Volumes: HEXS.
Volumes .
O ex O Teta Click Apply.
(@) Hex8 () Tetra4
() Hexg () Tetrag
() Hex20 () Tetralo

) Hex27 () Tetral4
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Command Panel f X
Mode - Calculation settings

Starting calculation ‘ . @ =

Calculation settings - Static

&l
Q

1. Set the type of the problem to be solved. 11 aé- .‘6‘. %;, E %
. . . T 4 -
Select calculation setting section on Command Panel (Mode —

Calculation settings, Calculation settings — Static, Static — Static - General
General). Select: ﬁ s

e Dimension: 3D;

e Model: Elasticity; Dimensions:

e Model: Contact. [ ] Use spectral elements method
e Nonlinear solver settings: Leave the default values. [] Use MPI
Click Apply. Hodel
Elasticity
Flasticity

Click Start Calculation.
Heat transfer

Finite deformations
Contact

Set nonlinear options

Monlinear options

2. In a pop-up window select a folder to save the result and
enter the file name. In this case, save the calculation in the
file test.pvd. Max load steps |3'3I

Min load steps |::_' |
|
Max iterations | 100 |
|

3. If the calculation is finished successfully, you will see a
message in the Console: “Calculation finished successfully at Tolerance |1e—6
<date> <time>".

For non-linear problems, convergence of iterations at each loading step can be checked in the file
Convergence.txt. The file is downloaded into the folder test that is created next to the file test .pvd.

Mame = Date modified Type Size | |
1 test 25-Apr-14 12:03 PM File folder
|| test.pvd 25-Apr-14 12:10 PM PVD File 2KB

Open the file test\Convergence.txt:
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Make sure that the convergence with a specified tolerance is reached at each step of loading.
CONVERGENCE ITERATIONS

CONVERGENCE ITERATIONS

LoadTime Residual
0.500000 234474484.859693200000000
0.500000 ©0.000000001649635
1.000000 807631243.628153320000000
1.000000 463217.315709784280000
1.000000 20885.849428797028000
1.000000 557.717737451076910

Results analysis T Calculation | Help

1. Open the file with the results. You can do this in | #& Open Results Ctrl+E !
one of the three ways. &5 Open Results in new window Ctrl+Shift+E
e Click Ctrl+E. Command Panel B X

Made - Calculations Manager

o Select Calculation — Open Results in the Main Menu.
399 <%=

Click Open last result.
e Select Calculations Manager on Command Panel (Mode — Calculations Manager - Results

Calculations Manager, Calculations Manager — Results).
Click Open Results. = (98

D fworkftest.pvd
[7] open in new window

Open last result

@; To apply all of the filters changes automatically, click Apply changes to parameters automatically on
Command Panel.

2. Display the stress field oy, and the mesh on the model.

In Fidesys Viewer window set the following parameters on Toolbar:
e Representation Field: Strain;
o Component: 22;

e Representation Mode: Surface With Edges.

& Strain v |2 | || surface With Edges -
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0.00590

OO0

41,0200

) ()44)0)
). 00600

E_0.0800

--0,100
4} 1010

3. Define the stress at the specified point G.
This point belongs to the upper hemisphere, therefore the the lower hemisphere should be cut off.

Open Filter - Alphabetical - Threshold to do this. Or click on the appropriate button on the Fidesys Viewer
top panel.

Set the following parameters for the filter Threshold in the tab Properties:
e Scalars: InitialNodelD;
e Lower threshold: Leave unchanged;

e Upper threshold: 8400.
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Fipeline Browser & X | Layout #1 X +
I r.
[{ builtin: 8B
|

@ [ test2a.ped

|
» OIEA

= (1.000
Information Display Properties

Properties . () (20000

! Apply D) Reset 9% Delete A
- I_ Ii n)

Scalars © InitiaNodelD 0.0600
Lower 1 i
Threshold E _0.0800
Upper :
Threshold 8400 {_I—{].'{_ I][T.'[.l
All Scalars et s

Thus, only the upper hemisphere is left.

Select the bottom point of the hemisphere using the appropriate Fidesys Viewer tools.

QA xR K

Use the button Point information

> m O ? P =~
mir paintslnfnr

As a result, the components of the Stress field for the selected point G should be displayed in the pop-up
window Point information.

Points information

Strain
-0.0154018 -0.0921771 -0.0154015 -0.00535644 -0.00535633 -0.000235561

0 10¥
) 1010

)
\s FIDESY"
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Compare the value of the second stress field component and the original value -2798.3 MPa. The difference
between the resulting value -2837.1 and the original one is 1.4%.

4. Display the Contact Status field and the mesh on the model.

In the Model Tree on the left, please, change back focus on the calculation name test.pvd. Set the following
parameters on Toolbar:

e Representation Field: Contact Status;
e Component: 1;

e Representation Mode: Surface With Edges.

@ ContactStatus | |1 - Surface With Edges -

= {),400)

0,000
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5. Display the Stress field in contact and the mesh on the model.
In Fidesys Viewer window set the following parameters on Toolbar:
e Representation Field: ContactStress;
e Component: 11;
o Representation Mode: Surface With Edges.

< ContactStress | [1 - Surface With Edges -

3.:41“'4“(»-@

- 2. 80e+4+003

b 2 40e+003
2.00e+003
1.60e+003
1,20e+003

N 800,

= 40)0),

0.000

6. Download numerical data.

Select File — Save Data in the Main Menu or click Ctrl+S. Enter the file name (*.csv format), leave it by
default. Click OK. The saved file is an ordinary table of numerical data which can be opened in any text
editor.

Using Console Interface

For geometry generation, meshing, setting boundary conditions and materials you can use Console
Interface. The following program code allows performing the steps of the above-described guide, you only
need to manually specify the full path and name of the file to be saved.
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Here is an example of the working script (the file is saved in D;/FidesysBundle/calc/test.pvd)

reset

create sphere radius 50

create sphere radius 50

move Volume 1 y 50 include_merged

move Volume 2 y -50 include_merged

webcut body all with plane yplane offset 50

webcut body all with plane yplane offset -50

delete volume 3 2

webcut body all with plane xplane offset ©

webcut body all with plane zplane offset ©

delete volume 5 9 7 6 10 8

volume all scheme Polyhedron

volume all size auto factor 4 #14850

mesh volume all

create displacement on surface 23 31 dof 3 fix ©

create displacement on surface 25 33 dof 1 fix ©

create displacement on surface 24 dof 2 fix -2

create displacement on surface 34 dof 2 fix 2

create contact region on surface 32

create contact region on surface 26

create contact pair 1 master contact region 1 slave contact region 2 friction 0.0
tolerance 0.0 tied off

cpairdata id 1 normal_stiffness 1.0 tangent_stiffness 0.5 detection_tolerance 0.1
create material "Material 1" property_group "CUBIT-FEA"

modify material "Material 1" scalar_properties "MODULUS" 2e+04 "POISSON" 0.3
block 1 volume all

block 1 material 'Material 1'

block 1 element type hex8

analysis type static elasticity contact dim3

nonlinearopts maxiters 100 minloadsteps 2 maxloadsteps 30 tolerance le-6
spectralelement off

usempi off

calculation start path "D:/FidesysBundle/calc/test.pvd"”

It is also possible to run the file Example_16 Contact_3D.jou by selecting Journal Editor on Toolbar.
E In a pop-up window of the main menu select File — Open and open the necessary journal file.

Composite effective properties calculation
KpucmenceH P. BaedeHue 8 MexaHuKy komnozumos. - M., «Mup», 1982. - 334 c.

[Christensen R., Mechanics of composite materials (translated from English), Mir publ, Moscow, 1982, 334 pages
[in Russian]]

The problem of finding effective material properties for the two-layer fiber-layered composite is being
solved. The model has the following parameters: cord diameter is 6.0 mm, cord inclination angle is 30°, cord
step is 8.0 mm, layer thickness is 16.0 mm. Thus, geometry is generated automatically via the interface with
the specified parameters. The boundary conditions are periodic. The material properties of cords (block 1):
Young’s Modulus 200000, Poisson’s Ratio 0.25. The material properties of the matrix (block 2): Young’s
Modulus 2.0, Poisson’s Ratio 0.49.

Test pass criterion is the following: as a result of solving, the following material constants are obtained:
C 1111 =24852.4 MPa, C_1122 =8 281.54 MPa, C_2222 =2 763.12 MPa, C_1212 = 8 283.5 MPa within 3%.
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Geometry creation Command Panel & X
Maode - Geometry

1. Create the composite.

Select volume geometry generation section on Command ‘ g @ = % tl

Panel (Mode — Geometry, Entity — Create composite). Select Eriliky - Crenk= Composiks
Laminated Multi Fiber from the drop-down list. Set the

following parameters: w ¢ /- x & |

e Cord Diameter: 0.6; i}

e Cord Angle: 30 (degrees);

e Cord Pitch: 8; Laminated Multi Fiber -
e Sample Thickness: 16. Cord Diameter 8.0
Click Create. Cord Angle 30
Cord Pitch 2.0
Sample Thickness 15.0

As a result, the geometry for the two-layer composite with the specified parameters is automatically
generated. On the left in the Model Tree, all generated volumes and the corresponding blocks (Block 1 -
thread, Block 2 - matrix) should be displayed.

Power Tools
& @ ¥

Current View | Full Tree

Yolumes
I G Volume 3
I [ Volume6
I G Volume7
1@ Volume B
> B Volume 9
I [ Volume 10

i (@ Volume 11
&> @ Volume 12

a EW Blocks
&P Block
&P EBlock

%:‘[! Mode Sets
i Boundary Layers
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. |Corrrnand Panel g X
MeSh'ng Mode - Mesh
1. Select volume mesh generation section on Command (Mode — Mesh, .‘@ =
Entity — Volume, Action — Meshing). ‘ % tl
Select volumes (specify their ID): 5 6 7 8 9 10 11 12 (or by the oy
e Select volumes (speci eir ID): or by the -
command all); .‘ o f‘ * “ T
e Select meshing scheme: Tetmesh; Sl Al =+ Eéi
o Keep all other settings of the contact pair by default. E
Click Apply Scheme.
. Action - Mesh
Click Mesh. -
To see the resulting number of items, you can do the following: el h ? e . R
e Select the entire model (by left-clicking and pressing the Ctrl key); = L y i 8
e Right-click on the model; Select Volumes
e In the pop-up menu, select List Information - List Mesh Info; 867901112 |
e Information on the mesh will appear in Command Line Select Meshing Scheme
|Tet'|'|esh -
Optimization
Level |Sbndard - |

|:| Minimize Over-Constrained Tets
[ Minimize Sliver Tets

Growth Factor | |

[ advanced

Select Other...

Zoom To
Rotate About
Draw
v Draw Elements 4
:“’z Isolate
Add to Group/BC
Remove from Group/BC
Command Line Add to Picked Group
Remowve from Picked Group
Soment e T Souncry | T Visibilty Off
Tet 11131 0 11131 Mesh
Tri 0 2372 2372
Edge 0 3558 3558 Delete Mesh
Node 1295 1186 2484 Show Quslity
Journaled Command: list volume 12 mesh Reset Entity
Fidesys > | List Information l} r List Basic Info
< Delete List Geometry Info
\ Command /\_/%s Error /% History [ List Mesh Info
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Setting material and element type
1. Create the cord material.

Select setting the material properties section on Command
Panel (Mode — Blocks and Materials, Entity —Material, Action
— Create Material). Set the following parameters:

e Name: Materiall;

e Property group: Hook material,
e Young’s Modulus: 200 000;

e Poisson’s Ratio: 0.25.

Click Apply.

2. Create the material of matrix by analogy.

Select setting the material properties section on Command
Panel (Mode — Blocks and Materials, Entity —Material, Action
— Create Material). Set the following parameters:

e Name: Material2;
e Property group: Hook material,
e Young’s Modulus: 2;
e Poisson’s Ratio: 0.49.
Click Apply.

Command Panel B X

Mode - Blocks and Materials

'5@3 B %

Entity - Block

Command Panel

Mode - Blocks and Materials

399w

Entity - Material

&P I

Action - Create Material
o B g @

Material1

MName:

B X

Description:

[ ]setn
[ ] Copy Material  Steel

Property Group: | Hook Material

Value
200000

Property
Young's Modulus
Shear Modulus
Poisson’s Ratio
Density
Specific Heat
Conductivity
Coeff. of Thermal Expansion
Yield Strength in tension

0.25

Ultimate Strength in tension

Ultimate 5train in tension

Yield Strength in compression

Assign the thread material (Materiall) to Block 1.

&P EI

Action - Manage
il p> g1

Assign Material to Block -

Block ID{s) |1
Available Materials
Material 1 -

Block 1 was automatically created when generating the
geometry for composite. Select setting the material properties
section on Command Panel (Mode — Blocks and Materials,
Entity — Block, Action — Manage). Select Assign Material to
Block in the list of possible operations. Set the following
parameters:

e Block(s) ID: 1;

e Select the previously created material in the Llist:
Materiall.

Click Apply.
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4, Assign the matrix material (Material2) to Block 2.

Block 2 was automatically created when generating the geometry for composite. Select setting the material
properties section on Command Panel (Mode — Blocks and Materials, Entity — Block, Action — Manage).
Select Assign Material to Block in the list of possible commandPanel & X
operations. Set the following parameters: Mode - Blocks and Materials

e Block(s) ID: 2: ’ @@ = |

o Select the previously created material in the Llist: _
Material2 SogaI

Clck Appy. P HI

Action - Manage
3| R By

Select setting the material properties section on Command  Element Type -
Panel (Mode — Blocks and Materials, Entity — Block, Action —

5. Assign the element type.

Manage). Select Element Type in the list of possible Hlock ID(s) |1
operations. Set the following parameters: Select
() Modes () Curves
o Block(s) ID: 1 2 (or all); . _
[_) Surfaces (@) volumes
e Select: Volumes;
Volumes
e Volumes: TETRA4. [:] Hex [:] Tetra
Click Apply. () Hexa @) Tetra4
() Hexa () Tetraa
() Hex20 () Tetralo
Command Panel 8 x () Hex27 () Tetral4

Mode - Calculation settings

3299 L=

Calculation settings - Effective Properties

Setting boundary conditions and Starting calculation

1. Type of boundary conditions is set directly in the the

1| @ : _ ; i
5 || & ’ g calculation settings. Select Mode — Calculation Settings,
Calculation Settings — Effective properties, Effective

properties — General on Command Panel.

Effective Properties - General

-{ﬁ} '=EEE Select Type of BC on the Panel:
e Periodic.
Type of BC Click Apply.
() Nenperiodic Start the calculation by clicking Start calculation.
(@) Periodic

2. If the calculation is finished successfully, you will
see a message in the Console: “Calculation finished
successfully at <date> <time>".

Apply

ke

Start Caloulation
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Results analysis

1. Calculation results of the composite effective properties will be displayed in the window Process
effective properties data.

v Process effective properties data ?

Data file: |H:,|"wurk,|"test25,|"c_ijld.txt | | Browse, .. |

Material Type:
(®) Orthotropic
() Transversely Isotropic

() Isotropic

Export Material...

Mame Value 243852 8171,72 36,7224 78,4162 0,036054 0,123156

2659,79 37,4092 40,5934 0171397 -86,7912
42,9152 0,006055  -0,000648  -0,444483
8112,99 -0,023243  0,003506
1,28037  0,02068

1,03233

The calculation results are also displayed in Command Line.

C_1323 = 0.0206804
C_1333 = -0.4494483
C_2222 =2659.79
C_2223 =-0.171397
C_2233 = 37.4092
C_2323 = 1,28037
C_2333 = -0.000643041
C_3333 =42.9152
Calculation finished.
Calculation finished successfully at 2015-08-26 20:27:12
Fidesys =

£

\. Command /\ /% Error /\ History [
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2. Define the required material constants.

e The difference between C_1111 = 24 496 and the original one 24 852.4 MPa is 1.5%;
e The difference between C_1122 =8 227.62 and the original one 8 281.54 MPa is 0.7%;
e The difference between C_2222 =2 825.56 and the original one 2 763.12 MPa is 2.2%;
e The difference between C_1212 =8 271.82 and the original one 8 283.5 MPa is 0.1%.

3. Process the received data.

In the window Process effective properties data, select:
e Material Type: Isotropic

Click Process data.

In the left column new material constants should appear.

Data fle: | H: /work/test25/C_ijkl. tt

Material Type:
() Orthotropic
() Transversely Izotropic

(@) Isotropic

| Process data | |E1¢:ort Material...

Mame Value 8171,72 36,7224 0,036054 0,123156
Young's Modulus 104789 2658,79 37,4092 -0,171397  -86,7912
Poisson's Ratio  -0,141917 42,9152 0,000648 | -0,444483
-0,023243  0,003506
1,28037  0,02068

1,03233

4. Export of calculation results.

To export the material into the XML file, select the button Export Material....
You must select a name for effective material and a name of the XML file to export to.
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Using Console Interface

For geometry generation, meshing, setting boundary conditions and materials you can use Console
Interface. The following program code allows performing the steps of the above-described guide, you only
need to manually specify the full path and name of the file to be saved.

Here is an example of the working script (the file is saved in D;/FidesysBundle/calc/test.pvd)

reset

create brick width 16 depth 9.2376 height 16

create cylinder height 50.4752 radius 3

volume 2 rotate 960.0 about y

volume 2 rotate 30 about z

volume 2 move y -9.2376

create cylinder height 50.4752 radius 3

volume 3 rotate 960.0 about y

volume 3 rotate 30 about z

volume 3 move y ©

create cylinder height 50.4752 radius 3

volume 4 rotate 90.0 about y

volume 4 rotate 30 about z

volume 4 move y 9.2376

intersect volume 1 2 keep

intersect volume 1 3 keep

intersect volume 1 4 keep

delete volume 2

delete volume 3

delete volume 4

subtract volume 5 6 7 from volume 1 keep

delete volume 1

volume all move z 8

volume all move z 16 copy

volume 9 10 11 12 reflect 1.0 0.0 0.0

imprint volume all

merge volume all

block 1 volume 5 6 7 9 10 11

block 2 volume 8 12

volume all scheme Tetmesh

set tetmesher interior points on

set tetmesher optimize level 3 overconstrained off sliver off
set tetmesher boundary recovery off

volume all tetmesh growth_factor 1.0

delete mesh volume all propagate

volume all scheme Tetmesh

set tetmesher interior points on

set tetmesher optimize level 3 overconstrained off sliver off
set tetmesher boundary recovery off

volume all tetmesh growth_factor 1.0

mesh volume all

create material "Materiall" property_group "CUBIT-FEA"
modify material " Materiall" scalar_properties "MODULUS" 2e+05 "POISSON" @.25
create material " Material2" property_group "CUBIT-FEA"
modify material " Material2" scalar_properties "MODULUS"™ 2 "POISSON" ©.49
block 1 material ' Materiall’

block 2 material ' Material2'’

analysis type effectiveprops elasticity dim3
nonlinearopts maxiters 100 minloadsteps 1 maxloadsteps 10 tolerance 1le-6
spectralelement off

usempi off

periodicbc on

calculation start path 'D:/FidesysBundle/calc/test.pvd’
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Contacts

http://www.cae-fidesys.com

support@cae-fidesys.com

+7 (495) 930-87-53
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