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Manual Conventions

This manua uses different fonts to highlight specific features, to identify datathat Windows
will display, or input that you must type.

Enter, At

a: setup

OK, Cance

heading

text

Shows one or more keys that you should press. In some
cases, you will see combinations like Alt+Shift+Back-
space. The plus signs show that you should press all keys
simultaneously.

Shows text that you should type. This is very similar to
the keystrokes described above, but is typically used for
strings of letters and/or numbers. The keystrokes typi-
cally refer to the more specialized, non-alphanumeric
keys.

Shows text that you will see displayed by FEMAP in a
dialog box control, or in the menu.

Used for headings or titles of sections of the manual.
Larger characters of the same style (or italics) are also
used depending upon the nature of the section being
introduced.

Used for all other normal manual text.

Throughout this manual, you will see references to Windows. Windows refers to Microsoft®
Windows NT, Windows 95 or Windows 98. You will need one of these operating environ-

ment to run FEMAP for the PC. This manual assumes that you are familiar with the general

use of the operating environment. If you are not, you can refer to the Windows User’s Guide
for additional assistance.

Similarly, throughout the manual all references to FEMAP, refer to the latest version of our

software.
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Introduction

FEMAP is afinite element modeling and postprocessing system that allows you to perform
engineering analyses both quickly and confidently. FEMAP provides the capability to develop
sophisticated analyses of stress, temperature, and dynamic performance directly on the desk-
top. With easy access to CAD and office automation tool, productivity is dramatically
improved compared to traditional approaches.

FEMAP automatically provides the integration that is necessary to link all aspects of your
analysis. FEMAP can be used to create geometry, or you can import CAD geometry. FEMAP
then provides powerful tools for meshing geometry, as well as applying loads and boundary
conditions. You may then use FEMAP to export an input file to over 20 finite element codes.
FEMAP can then read the results from the solver program. Once results are obtained in
FEMARP, awide variety of tools are available for visualizing and reporting on your results.

Geometry

FEMAP can directly import geometry from your CAD or design system. In fact, FEMAP can
directly import a solid model from any ACIS-based or Parasolids-based modeling package. If
your modeling package does not use either of these packages, simply usethe FEMAP IGES or
STEP reader. These files can be read and then stitched together to form a solid. Thistypically
requires using one command.

If you do not have CAD geometry, you can create geometry directly in FEMAP using power-
ful wireframe and solid modeling tools. FEMAP hasinternal solid modeling with not one but
two popular geometry engines (Parasolid and ACIS). You can build solid modelsin either
engine, and then export amodel. Thisis very convenient if you need to export geometry to
CAD packages that are either ACIS or Parasolid based.

Finite Element Modeling

Regardless of the origin of your geometry, you can use FEMAP to create a complete finite
element model. Meshes can be created by many methods ranging from manual creation, to
mapped meshing between keypoaints, to fully automatic meshing of curves, surfaces and sol-
ids. FEMAP can even work with your existing analysis models. You can import and manipu-
late these models using the interfaces to any of the supported analysis programs.

Appropriate materials and section properties can be created or assigned from FEMAP librar-
ies. Many types of constraint and |oading conditions can be applied to represent the design
environment. You can apply loads/constraints directly on finite element entities (Nodes and
Elements), or you can apply them to geometry. FEMAP will automatically convert geometric
conditions to Nodal/Elemental values upon translation to your solver program. You may even
convert these loads before translation to convince yourself that the loading conditions are
appropriate for your model.
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Checking Your Model

At every step of the modeling process, you receive graphical verification of your progress.
You need not worry about making a mistake because FEMAP contains a multi-level undo
and redo capability. An On-Line Help system also provides the capability to review informa-
tion on FEM AP commands without ever opening a manual.

FEMAP aso provides extensive tools for checking your model before you analyzeit to give
you the confidence that you have properly modeled your part. It constantly examines input
to prevent errorsin the model, and provides immediate visual feedback. FEMAP also pro-
vides a comprehensive set of tools to evaluate your finite element model and identify errors
that are often not obvious. For example, FEM AP can check for coincident geometry, find
improper connections, estimate mass and inertia, evaluate your constraint conditions, and
sum your loading conditions. Each of these methods can be used to identify and eliminate
potential errors, saving you considerable time and money.

Analyzing Your Model

When your model is complete, FEMAP provides interface to over 20 popular programs to
perform finite element analysis. You can even import a model from one analysis program
and automatically convert it to the format for a different analysis program.

Postprocessing

After your analysis, FEMAP provides both powerful visualization Tools that enable you to
quickly interpret results, and numerical tools to search, report, and perform further calcula-
tions using these results. Deformation Plots, Contour Plots, Animations, and X-Y Plots are
just some of the postprocessing tools available to the FEM AP user. FEM AP supports
OpenGL, which provides even more capability for postprocessing, including dynamic visu-
alization of contours through solid parts. You can dynamically rotate solid contoured models
with one push of your Mouse button. Section Cuts and | soSurfaces can be viewed dynami-
cally by smply moving your cursor.

Documenting Results

Documentation is also a very important factor with any analysis. FEM AP obviously pro-
vides direct, high quality printing and plotting of both graphics and text. Frequently, how-
ever, graphics or text must be incorporated into alarger report or presentation. FEMAP can
export both graphics and text to non-engineering programs with a simple Windows Cut com-
mand. You can easily export picturesto such popular programs as MS Word, M S Power-
Point and Adobe Framemaker. You can export to spreadsheets, databases, word processors,
desktop publishing software, paint and illustration programs. These links enable you to cre-
ate and publish a complete report or presentation, all electronically, right on your desktop.

With support for AV files, you can even include an animation directly in your PowerPoint
Presentation or Word Document. Creating illustrations for reports and presentations has
never been this easy. FEMAP also supports VRML and JPEG format so anyone can easily
view results with standard viewers.
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FEMAP Documentation

In addition to the On-Line Help in FEMAP, FEMAP aso comes with a complete set of doc-
umentation. Four manuals are provided with FEMAP: (1) Release Notes (2) Examples, (3)
Users’ Guide, and (4) Command Reference.

Release Notes...

... contains a brief overview of new features in the latest release of FEMAP. This docu
is especially useful to users who are upgrading from a previous version of the softwarg
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Examples...

... contains several examples of building a finite element model from start to finish. Th
manual provides the new user a quick tour of just some of the capabilities of FEMAP,
familiarizing them with the program. Most users find after just one or two example problems
they can be quickly creating realistic models in FEMAP.

Users Guide...

... iIncludes general information about FEMAP. Included in this manual are descriptions of
FEMAP’s Graphical User Interface, including the command toolbars, common dialog boxes
in FEMAP, and a general overview of the finite element process. This manual also contains
information on shortcut keys, as well as the use of function keys in FEMAP.

This manual provides an excellent overview if you are not certain how to do something in
FEMAP as well as information on getting started with FEMAP.

Command Reference...

... contains explanations of every menu command in FEMAP. If you are unclear about a cer-
tain command in FEMAP, you can use this manual to find its description. In general, the
commands are separated into chapters which correspond to the Main FEMAP menu. The
few exceptions to this are the List, Modify, and Delete Menu commands, which are
explained under the Chapter which contains the type of entities (i.e. if you are Deleting
Geometry, look under the Geometry chapter for Delete). In addition, the Tools and List
menus are combined under the Checking Your Model chapter, and the View and Group
menus are combined under the Viewing Your Model chapter.

There is also a special Postprocessing chapter describing commands specifically used for
postprocessing, and there is a brief description of using some of the View commands to
check your Model under the Checking Your Model chapter.
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Product Configurations

To best address the needs of our customers, FEMAP v6 is available in two configurations,
FEMAP Basic and FEM AP Professional. The following sections detail what isincluded in
these two options. Each description also includes additional information designed to help
FEMAP customers determine which product configuration is best for their particular needs.

FEMAP Basic

FEMAP Basic contains all the powerful FEA features of FEMAP mentioned in Chapter 1
including automatic and manual meshing, automatic generation of beam cross section proper-
ties, support for awide variety of material data, loading conditions, and analysis programs,
and advanced postprocessing features. The major limitation to FEMAP Basic isin geometry
modeling. FEMAP Basic cannot perform any surface intersections or Boolean solid opera-
tions, thus, it is designed to be used for partsthat do not have complex 3-D geometry. You can
create complex beam and shell models with FEMAP Basic, but the limited geometry capabil-
ity will limit its use for many 3-D models.

FEMAP — Professional Bundle

FEMAP Professional includes all the capabilities of FEM AP Basic along with advanced solid
and surface modeling in two geometry engines, ACIS and Parasolid.

The ACIS solid modeling enginein FEMAP Professional provides the ability to import, edit,
and create ACIS solid models. ACIS is the solid modeling engine developed by Spatial Tech-
nology, Inc., and is used by several popular CAD systems including AutoCAD R14. If you
frequently receive solid CAD data from ACIS-based CAD and solid-modeling systems, the
ACIS solid modeling enginein FEMAP Professional can make the creation of effective FEA
models from this data significantly easier.

ACIS geometry is bi-directional. If you use the ACIS Modeling capabilitiesin FEMAP Pro-
fessional and create solid modelsto first validate their structural integrity, these models can be
imported into any of these CAD systems for further manipulation, drawing creation, or incor-
poration into large assemblies of parts.

FEMAP Professional also contains the Parasolid solid modeling engine. Parasolid is a solid
modeling engine developed by Electronic Data Systems, and is the underlying modeling
engine in many CAD and solid modeling engines such as SolidwWorks, Unigraphics, and Solid
Edge. Parasolid models created or edited in FEM AP can a so be exported to any Parasolid
based CAD system for further manipulation. The Parasolid modeling engine has the added
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feature that it can import NURB and trimmed surfaces from |GES and both import and
export geometry in STEP format.

FEMAP Professional istheideal solution for the analysts who receive CAD data from an
outside source as well as create their own. The ability to import Parasolid, ACIS, IGES, and
STEP files covers awide variety of CAD systems. To idealize thin structures created as sol-
ids, FEMAP even provides excellent automatic and semi-automatic mid-planing capability.
Therefore, you can import athin solid from a CAD system, create a mid-plane surface repre-
sentation of the part, and then mesh these surfaces with plates. In addition, the powerful
geometry tools contained in FEM AP enable the user to create their own complex 3-D mod-
els from scratch.



Getting Started

Welcome to FEMAP! This section will help you to setup your computer so that you can
immediately begin to explore the many capabilities of FEMAP. Before you start however,
take afew minutes to do the following:

1. Read the FEMAP License Agreement which was included with your CD. It limits how you
may use this software on your computer. Typically, you may only use FEMAP on one com-
puter, for use by oneindividual at atime.

2. Fill out and fax the License Registration sheet which was included with your CD. Return-
ing this document will insure that you will receive telephone support if you need it, and that
you will be notified of future enhancements and corrections to FEMAP.

3. If you used a previous version of FEMAP, refer to Appendix D for information pertaining
to conversion of old databases to this version of the software.

This section contains information specific to getting started on a PC, which includes Windows
NT (INTEL and DEC Alpha), Windows 95, and Windows 98. Information related to FEMAP
installation and operation on UNIX platforms can be found in the FEMAP Unix Guide. Sup-
ported UNIX platformsinclude HP/ux, IBM RS6000/aix, SUN/Solaris, and SGI/IRIX.

3.1 Hardware Requirements

There are no special hardware requirements for FEM AP beyond those imposed by Windows.
The table below shows the minimum requirements along with our recommendations, so you
can experience maximum productivity with FEMAP. The table also lists other supported
hardware that you may want to consider depending upon your analysis requirements and/or
budget.

Minimum and Recommended Hardware

Minimum Recommended Other
Computer, CPU Intel 80386 based | Intel Pentium based | Intel Pentium based, obvi-
ously the faster the better.
Memory, RAM See Hints Below
Math Coprocessor | Not Required Highly Recom-
mended
Video Adapter and | VGA SVGA OpenGL accelerator board

Monitor
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Minimum and Recommended Hardware

Minimum Recommended Other

Hard Disk 45 Mbytes 60-100 Mbytes 300+ Mbytes depending
upon how many models
you are planning, their
size, and mostly the
amount of output for post-

processing.
Mouse Not Required Highly Recom- Roller wheel supported for
mended some commands.
Printer/Plotter Not Required, but a | High Quality Dot Color Laser or Inkjet
parallel port is Matrix or Laser Printer or Pen Plotter

required for the Printer
security device.

Network or Comm | Not Required High-speed modem or net-
work interface if you are
running analysis on
another compulter.

Software Windows 95, 98 or | Latest version of Windows-based word pro-
NT. Windows for best cessing, graphics, spread-
possible perfor- sheet... can import text and

mance and reliability | graphics from FEMAP for
presentations and docu-
mentation.

There are many types of hardware that will allow you to use FEMAP. Proper choice of hard-
ware however, can often make the difference between frustration and productivity. Here are
afew suggestions:

Memory, RAM:

You will need at least 32 Mbytes of RAM to run FEMARP. Furthermore, if you are going to
use the solid modeling engines, 128 Mbytes of memory is highly reccommended (64 mini-
mum). Obviously, the more amount of RAM the better. Adding RAM can be one of the most
cost effective means of increasing performance.

Memory, (Hard Disk):

Required hard disk spaceis very difficult to estimate, but in general you will never have
enough. Analysis results will be the main driver of any disk space requirement. Models are
typicaly relatively small. A model with 1000 nodes and 1000 elements would typically be
lessthan 1 Mbytein size. Output from an analysis of that model however could be 5 Mbytes,
10 Mbytes or even larger, depending on the output you request. To estimate total disk space,



Installation - Stand Alone 3-3

you need to first estimate how many models you will have on-line simultaneously, the
approximate size of those models, and the type of output you will request.

Graphics Boards:

Standard graphics boards work very well with Windows and FEMAP. Specialized boards
which contain support for OpenGL will provide increased graphical performance when
dynamically rotating large, complex models. They al so usually provide higher resolution and
more colors which makes graphics easier to see and more realistic.

3.2 Installation - Stand Alone

This section describes the procedure that you should follow to install the stand alone version
(Security Device) of FEMAP on your PC.

3.2.1 Security Device
First locate the security device. It should look like the following.

Follow these steps to install the device:

1. Turn off your computer. You should always turn off your computer
when installing any peripheral device or cable.

2. Attach the security device to any standard, IBM-compatible (Cen- | | L]
tronics) parallel printer port (or into another security device, if
present). Make certain you tighten the screws. This ensures proper electrical connection,
and allows proper installation of the printer cable in the next step.

3. Attach your printer cable, if any, into the other end of the security device.
4. Turn on your computer and proceed with the installation of the FEM AP software.

\ydte:

The security device (hardware key) may be destroyed if you connect any devices other than
aprinter in-line with the security device. If you need to use the parallel port to connect an
external device such as a external hard drive, you must remove the hardware key from the
series during the operation.
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If you are experiencing any problems with your security device, or are having trouble install-

ing it on your system, please give us acall. If you have a printer connected to the system,

please make certain it is on when trying to access the device. Certain printers will “deaden”
the parallel port when they are attached to it and are off. If this is not the problem, you may
want to go into the BIOS of your machine and set the Parallel Port Mode to Normal, Stan-
dard, AT, or Compatible. Certain advanced Modes (Bidirectional, EPP, ECP) may interfere
with security device operation.
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3.2.2 Setup Program Execution
Windows NT
1. Loginto your computer as Administrator.

2. Insert the FEMAP CD into the drive. The setup should automatically begin within afew
seconds.

Windows 95/98
1. Log on to your computer as any User.

2. Insert the FEMAP CD into the drive. The setup should automatically begin within afew
seconds.

te:

If the setup program does not start automatically use the Windows Explorer to view the CD-
ROM'’s contents. You can manually start the setup by double clicking on tiSetfile.bat

Once setup is running you will see a license Agreement. Assuming that you agree with the
license agreement, press Yes to continue and select the directory where you would like to
have the FEMAP program files installed.

You will now be asked which type of installation you wish to proceed with.

If you have purchased a single

Setup Type Xl stand alone license of FEMAP you
lick the type of Selup you prefes, then click Neat will chooseFEM AP Full System.
e e S S 3 If you have received an Evglua-
AT tion License of FEMAP you will
fleatbt Netnor Licznse Server also choos&EMAP Full System.
B 4. If you have requested a Free
 Description Demonstration License of FEMAP
This el FEMAP <50 and s o Install FEM AP 300-Node Demo

System

5. If you have purchased the Net-
<ok [ He> | s | | WOrk version of FEMAP please
refer to the following sections with
regard to network installations.
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Upgrading Your Security Device

I

You will now
be prompted for Select Components
which compo- Select the compaonents you want to install, clear the components
nents of you do ot want toinstall
_FEM APto LCompaonents
install. Choose Frogram Files ETETa
Program Files , 7 Examples 29377 K
Examples, Help Help 2202 K
for the typical | | Toolbox Development 0K
installation. 1 izq Client Ok LI

— Deszcription
Once you have

.. Thiz compaonent contains the example Ch

finished the models from the FEMAP documentation
installation you
will be ableto

Space Required: 70344 K,
S.tart FEMAP Space fvailable: 195424 K,
right away. If
you do not need < Back Mewut » Cancel
toupgradeaold
security key

you can skip to section 3.4 Starting FEMAP.

3.2.3 Upgrading Your Security Device

To upgrade alicenseto anew version of FEMAP or to upgrade the current version to include
the optional modules you will need to follow the process bel ow.

Contact Enterprise Software and supply us
with the serial humber of the software you
are upgrading from. This number can be
viewed in FEMAP by selecting Help -
About-Security. The Serial number is
located at the top of the Security Access
dialog box and looks like the number

bel ow:

500-3H-NT-4617-FFOF.

E-mail for security codes

E-mail is the preferred method of commu-
nicating upgrade codes due to the difficulty
in dealing with long strings of characters.

Send an e-mail to support@femap.com
and in the body of the message include:

O *Your name

3.2.3.1 Contacting Enterprise Software for Security Codes.

About FEMAP
= FEMAP - Finite Element kodeling And Postprocessing

Wersion 7.0

Copyright € 1985-1999 Enterprize Software Praducts, Inc.

Serial Mumber: F00-3H-MT-8922-FFOF

E nterprize Sofbware Products, Inc.

P.0. Box 1172, Exton, P4 19341

[E10) 458-3660  FAX: [610) 458-3665
E-Mail: infol@femap.com or http: /s, femap. com

Windows 95 4.10 [Build 67 FEE222)
crhwwindows A TEMPY
256 MEutes

Temp Directory :
Total Memony :

Hovail Memony - 30 MBytes .
Total Swap : 1543 MEptes Daptians |
Avail Swap 1457 MEuptes

-
Scratch File 12288 Bytes
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O *Company information
O *Telephone number
O *FEMAP Seria Number (asit is In the Security Access Dialog Screen to the right).

We will reply to the e-mail and you will receive a message that contains two case insensitive
alpha numeric codes similar to the ones below:

Access Code 1: elad4b3bb6e2027701
Access Code 2: 8a5d4254

To enter the codesin FEMAP select Help - About - Security. You may either copy the code
from the e-mail using your right mouse button and paste it in the appropriate box or you can
carefully retype the code.

3.3 Network Installation - PC

The “Network Client” version of FEMAP utilizes the FLEXIm License Manager software

from Globetrotter Software Inc. This licensing approach requires some software to be
installed on a server machine and other software to be installed on one or more clients. The
clients then request and obtain licenses from the server. In a simple situation, both the client
and server could be the same computer, but more likely they are different systems connected
by a network.

Our current implementation of FLEXIm requires that all computers (servers and clients) that
wish to use this system must be running the TCP/IP protocol, and that protocol must be
properly configured. On Windows NT, Windows 95, and Windows 98, you can determine if
TCPI/IP is available by selecting tNetwork option in the Control Panel, and then choosing
theProtocol tab. You should see TCP/IP Protocol listed. If you click on Properties, you can
configure the protocol on your computer. As an minimum, you must have a unique "IP
Address" for each machine on your network.

The following documentation provides a summary of the steps required to install both the
server and client software for FEMAP. For more specific information, or information on
integration with other products using FLEXIm, consult the FLEXIm documentation. We pro-
vide both a "Frequently Asked Questions" (FAQ) manual and an "End Users Guide" in
HTML format. You will find these documents on the CD-ROM in directories named \net-
work\flexdoc\flexfaq and \network\flexdoc\flexuser. To view these documents you need an
HTML compatible World Wide Web browser such as Microsoft Internet Explorer, Netscape
Navigator or Mosaic. In either directory, it is best to open the file TOC.htm.

3.3.1 Obtaining a License File

Before you can run FEMAP you will need to obtain and install a license file. To obtain this
file from ESP, you need to provide the hostid of the machine that will be your license server.
The easiest way to obtain the hostid is to use the tools that are provided on the CD.
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For a Windows NT, Windows 95 or Windows 98 installation, switch to the \network\pl at-
formdirectory (where platformis either "intel" or "alpha" depending on what type of
machine you are using for your server) and run Imtools.exe. Then press the Hostid button.
You will seealist like the following:

Hostd ID’s-
HOSTNAM E=xxxx
USER=XXxX
DISPLAY =xxXX

INTERNET=XXX.XXX.XXX.XXX <-- |P address
00a03474db65 <-- Ethernet address
DISK_SERIAL_NUM=xxxx

You should provide us with the Hostname, the | P address and the Ethernet address, as shown
in the listing. Simply e-mail thisinformation to support@femap.com. Also include your
name, company name, and telephone number.

If you are running Windows NT, you can also obtain the Ethernet address by running the
"Windows NT Diagnostics' program, choosing the Networ k tab, and pressing Transports.
The Ethernet address is shown under "Address". The I P address can be obtained by running
the Networ k applet in Control Panel, choosing Protocols, and TCP/I P Protocol, then press-
ing Properties.

3.3.2 License Server

This section provides instructions on installing the network license manager and configuring
your server.

3.3.2.1 Installing the FLEXIm License Manager

To begin the server installation, simply insert the CD and allow it to AutoRun, or choose
setup from the CD. When asked for the type of installation that you want to perform, choose
"FLEXLM Network License Manager" and follow the instructions
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3.3.2.2 The License File

If you have not already obtained alicense file from ESP, you must obtain one before pro-
ceeding. Refer to the information above regarding the information that you need to provide
to obtain alicensefile.

If you received the license file via e-mail, simply copy it to the file license.dat in the direc-
tory where you installed the license manager software in the previous step. If you received
the license information in any other format, you will have to use atext editor to create the
license.dat file. Make sure that you enter the data exactly as it was transmitted.
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3.3.2.3 Configuring FLEXIm

During theinstallation of the FLEXIm software, an applet was added to the Control Panel of
your server. You should now go run this program. Run the Control Panel and choose the
"FLEXIm License Manager" applet. Then press the Setup tab. You should see the follow-
ing dialog box, without any of the entriesfilled in:

FLEXIm Licenze Manager

FLE®Im License Manager -
o femapB0tmard. exe

li mfemaphlhlicensze dat

b
__Remove |

You must specify the location of the FLEXIm license manager daemon (Imgrd.exe) and the
FEMAP licensefile. Bath of these files can be found in the directory that you chose during
the setup phase. Press Browse to choose the files from alist, or simply type the name of the
filein the indicated lines. FLEXIm will not work properly if these files are not properly
specified. You do not have to specify a"Debug Log File" unless you want to keep alog of
licensing activity. Refer to the FLEXIm documentation for more specific information about
this entry.

For Windows NT Servers:

If you are using Windows NT on your server machine, you should ALWAY S check "Use NT
Services' and "Start Server at Power-Up", then press Apply. Our testing of the current
release of FLEXIm indicates that it works much better under these conditions. If you do not,
FLEXIm may be unable to start the FEMAP license daemon, and even worse may consume
alarge amount of CPU time on your server.

For Windows 95/98 Servers:

If you are using Windows 95 or 98 on your server machine, services are not available. You
can check "Start Server at Power-Up", but you will still have to leave the Windows 95/98
machine [ogged in to some account to keep the server running. For this reason, we always
recommend using Windows NT as your server if at all possible.
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3.3.2.4 Starting FLEXIm

After configuring FLEXIm, you are ready to start the license manager daemons. You can
either simply reboot your system (if you chose the "Start Server at Power Up" option in the
previous step), or you can start them manually for thisfirst time (in which case you do not
need to reboot). To start the server manually, just switch to the Control tab shown above, and
press Sart. You should see a message " Server Started".

3.3.3 Clients
This section provides instruction on installing the FEMAP Network client version.

3.3.3.1 Installing the FEMAP Client Software

To begin the client installation, simply insert the CD and it will AutoRun, or run setup.bat
from the CD. When asked for the type of installation that you want to perform, choose "Net-
work Client Version" and follow the instructions. There are several ways that you can choose
toinstall FEMAP as anetwork client. You might want to install it locally on every user’'s
machine, or you might want to install it on the same or a different server as the license man-
ager software, and then have each user load it from there. Either scenario will work effec-
tively, however in either case each user will need access to the license file using one of the
mechanisms described below.

3.3.3.2 Accessing the License File

When you start aclient FEMAP it will attempt to check out alicense from the server. To do
thisit must know the path to the license file. There are several ways that you can accomplish
this.

Place License.dat in the same directory as the FEMAP executable.

If you place a copy of license.dat in the same directory as the FEMAP executable, FEMAP
will automatically be ableto find it. You do not need to do any further setup. If you installed
the FEM AP client software on your server, you may want to consider using the Control
Panel FLEXIm License Manager application to change the location of the license.dat file
used by the license server to this same location (Refer to Server Installation above). In this
way you will only need a single copy of license.dat to avoid confusion in the future.

Specify the location in FEMAP

If license.dat is not in the FEMAP directory, you can specify the location in the Help About
command. Simply start the FEMAP client (startup may be a bit slow thisfirst time, and you
will get a message that FEMAP can not find the licensefile). In addition, you may see a
FLEXIm dialog box pop up asking you to specify the location of the license file (you may
also specify it that way, in which case the location is added to the system registry), but sim-
ply cancel those options. Then choose Help About and press the Security button. There you
will find a spot to specify the location of thefile. You can either use afully qualified UNC-
style name like:
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\\server\c\femap50\li cense.dat
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or preferably, you can just specify the name of the server, like
@server

In this case, you do not even need the name of the file, FLEXIm will get it from the server.
Refer to the FLEXIm documentation for more information regarding ways to specify the
location of thefile.

Specify an environment variable

If neither of the previous approaches fits your needs, you can also specify the location of the
file as an environment variable. On Windows NT, you can define environment variables
using the Control Panel, System applet and choosing the Environment tab. Define avariable
named ESP_LICENSE_FILE with the value equal to the location of the file (as described
above). On Windows 95/98 you need to add the definition into your AUTOEXEC.BAT file
with aline that looks like:

set ESP_LICENSE FILE=\\server\c\femap50\license.dat

or any other appropriate location for the file, and then you will have to reboot your com-
puter.

Once the location of the license file has been established, FEM AP should start quickly and
be able to check out licenses, aslong asthe license server is running. If you experience prob-
lems, or see other error messages when starting FEMARP, refer to the troubl eshooting docu-
mentation that accompanies FLEXIm.

3.3.4 Monitoring Network Usage

In amulti-user environment, sometimes you will not be able to get alicense simply because
all availablelicenses arein use. You can find out who is using licenses, which computers
they are using and when they started their license simply by going to Help About, and press-
ing the Security button. At the bottom of the dialog box you will find information that will
give you thisinformation.

If you fail to get alicense because none are available, you will not be able to work in
FEMAP. You do not however, haveto leave FEMAP. You can simply stay there and periodi-
cally try acommand. Whenever alicense becomes available it will be assigned to you and
your command will succeed. If there are still no licenses available, you will simply get a

message that saystry again later.

3.4 Starting FEMAP

There are several command line options to launch FEMAP. The simplest method to launch
FEMAP isto create a shortcut for FEM AP on your desktop and Double-click the icon when
you want to launch FEMAP. Thiswill use the command line contained under the shortcut to
launch FEMAP. You can modify this command line by right-clicking on the FEMAP icon,
selecting properties, and changing the command line option on the shortcut.
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The command line will contain the executable (and its path). After the femap.exe, there are
several options which may be used to determine the mode in which FEMAP will operate. A
list of these command line options are provided below.

c:\femapd51\femap.exe [-X] [-R [-NEU [-NSPL] [-D dxf _file]
[-N neu_file] [-P programfile] [-SY top] [-M lines] [-L port]

[-SAT sat _file] [-XMI x_t file] [-SCA scale_factor] [-trans]
[model _file or ?]

where all of the argumentsin [ ] are optional command line parameters. They are:

The remaining parameters can be specified in any order (note that
program_file must always follow -p).

-X Exits Windows after closing FEMAP

-R Read Only Mode. With this option set, the Save, Save As
and Timed Save commands are disabled. You will not be
able to save changes to any model you access. All other
commands remain active. Any changesyou makewill be
made in the temporary scratch file, and will be lost when
you exit FEMAP.

-NEU Automatically writesaNeutral File with the same name (
just .NEU extension) as your .MOD file every time you
save amodel. In addition, when you open amodel, if a
Neutral file exists with a newer date than the model, it
will be read.

-NSPL Starts FEM AP without the splash screen.

-D dxf_file This option automatically reads the specified DXF file
when you start FEMAP. Make sure you leave at |east one
space between the two arguments.
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-N neu_file This option automatically reads the specified FEMAP
Neutra file when you start FEMAP.
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-p program_file

-SY top

-ML lines

This option runs the specified program file when you

start FEMAP. You can al so specify astartup program file
that will run every time you start FEMAP using the File
Preferences command. If you specify this option, the
default startup program will not run. Thefile you specify
will run instead. FEMAP automatically appends “.PRG”
if you do not specify a filename extension.

Make certain you leave at least one space between the -p
and the filename. FEMAP will only recognize the option
if you leave a space.

Positions the top of the FEMAP main window at the
specified “top” location on the screen. Instead of starting
with the main window enlarged to full screen, FEMAP
will start in a reduced window. The top location is speci-
fied in pixels. There is no checking to insure that the top
location is actually on the screen, so specify the number
carefully.

Make certain you leave at least one space between the -
sy and the location. FEMAP will only recognize the
option if you leave a space.

Overrides the default number of lines that are visible in
the message window when FEMAP is started. This
parameter is ignored if you have saved a permanent pref-
erence for a nondefault number of lines.

Make certain you leave at least one space between the -
ml and the number of lines. FEMAP will only recognize
the option if you leave a space.
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-L port

-SAT sat_file

-XMT xmt_file

-SCA scale value

-trans

Specifies the parallel port where the FEMAP security
device has been installed. Thisis not typically needed
unless FEM AP has difficulty accessing the device. If you
want to attach the security device to parallel port 1
(LPTL:), use-L 1, for parallel port 2 (LPT2:) use-L 2. If
your system is non-standard, or uses some other parallel
port convention, you can specify the actual parallel port
address. For example, if your parallel port was at address
03BCH (hexadecimal), you would convert the address to
adecimal value, in this case 956, and specify -L 956.

If you need to specify the -L option, you can change the
default command line associated with the FEMAP icon
on the Desktop by selecting Properties. Firgt, right click
on the FEMAP icon. Then choose the File Properties
command (or press Alt+Enter). Move down to the com-
mand line option, and just add the appropriate -L
options. From then on FEMAP will look for the security
device on the specified port.

Automatically creates anew FEMAP file and calls the
File Import Geometry command to read the ACIS Solid
Model file*.SAT file[sat_file]. When you use FEMAP
with this command option, you will see the Solid M odel
Read options dialog box which will contain the title of
the solid model file contained in the SAT file.

Automatically creates anew FEMAP file and calls the
File Import Geometry command to read the Parasolid
Solid Model file* . X_T file [xmt_file]. When you use
FEMAP with this command option, you will seethe
Solid Model Read options dialog box which will contain
thetitle of the solid model file contained in the X _T file.

Thisoption is used in conjunction with the -XMT and -
SAT to specify a scale factor for the solid model. If this
option is used, FEMAP will automatically import and
scale the solid model. The Solid Model Read options dia-
log box will not be shown.

With this option on, FEMAPwill run in translation mode
only. You will only be able to import and export FEA
models. You will not be able to change anything in the
model. In general, you will not want to use this option
because it will severely limit what operations you can
perform.
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modéd_file

3.4.1 Error’s Starting FEMAP

FEMAP

X

Secunty Device not Found.

You may continue in Dema mode, but models will be limited ta 300 nodes.

Normally FEMAP will start with anew, unnamed model.
If model_file isthe filename of an existing model how-
ever, FEMAP will start using that model. If the file does
not exist, you will see an error message, and FEMAP
will start anew model with that name.

If you add a question mark to the command line instead
of specifying amodel name, FEMAP will automatically
display the standard file access dialog box and ask you
for the name of the model that you want to use. If you
want to begin anew model, just press New Model or the
Escape key. When you want to work on an existing
model, just choose it from the dialog box, or type its
name.

You should never specify both the ? and model_file
options.

If you receive aerror
indicating that the
security device can-
not be found, please
go back to section
3.2.1 and confirm al
steps have been fol-

run FEMAP again.

Choose Server or File

anager

lowed and then try to

If you are attempt-

ing to start a net-
work client and
FLEXI oo ot oon s kore see the Choose
License M determine where to find the licenzing data it Server or Filedia-
need:z, Flease chooze one of the following: Iog box from
' Specify the License Server FLEXIm,

™ Specify the Licenze File

FLEXIm cannot

Can' t 'I-a-

Copyright 1937 Globetratter Software [ne.

find avalidlicense
file. Simply Can-
cel from thisdia-

log box and go to

< Eanh I Menxt » I Cancel Help Help About Secu-
rity to define the
location of the

licensefile, asinstructed above in Section 3.3.3.2 Accessing the License File.
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If you receive an Unable to allocate Scroll Buffer File error or have any other difficulty
starting FEM AP where abnormal termination occurs, you either do not have enough disk
space, or your Windows TEMP is not set to avalid, accessible directory. You may either
change your Windows TEMP directory environment variable, or specify a path for the
FEMAP scratch files (which default to the Windows TEMP directory set by the environment
variable) to avalid directory.

Thisand all other FEMAP Preferences are stored in afile called femap.ini that istypically
located in the FEM AP executable directory. You will have to create this file or modify it to
include the appropriate lines as shown below:

DiskM odel Scr=c:\femap70
DiskUndo=c:\femap70
DiskListBuff=c:\femap70

where c:\femap70 can be any valid path. The DiskModel Scr, DiskUndo, and DiskListBuff
parameters are case sensitive, and must be defined exactly as above. Once you make these
changes and FEMAP starts, you can use the File Preferences Database command to modify
this path.

3.4.2 Improving Performance (RAM Management)

To improve FEMAP performance on Windows 95 and Windows NT personal workstations,
you should modify the default settings that FEM AP uses to manage RAM. This procedureis
explained in more detail in the Command Reference Manual under File Preferences, Startup

Preferences (File Manipulation Chapter). To access the internal FEMAP memory manage- ﬁ.’
ment system, follow the procedure below: ;
F

1. Choose the File Preferences command and hit the Database ]
button. Undo Levels ISD— m

. . Lache Pages W ;

2. Change Cache Pages and Blocks/Page in the dial og box. Blocks/Eage — E
-]

3. Max Cached Label should be set to anumber that is higher | MeCeehedtabel —[eoooom0
than any entity you will create in your model file. Thissets
aside a small portion of memory that stores all of the ID’s in FEMAP.

4. Select OK and say Yes to the Permanent question. (Remember to say Yes or your selec-
tion will not be saved).

The total amount of memory that FEMAP can allocate is the product of the Cache Pages,
Blocks/Page, and 4096 bytes/Block (i.e. the values shown, 12000 x 2 x 4096 will allow
FEMAP to access just under 100 Mbytes of RAM) and use entity ID’s up to 6,000,000.

te:

You should never allow FEMAP to allocate more than the physical memory of the machine.
The internal memory management (swapping) in FEMAP will allow the program to run
much faster than Windows memory swapping. Therefore, you should set the Cache Pages
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and Blocks/Page at alevel which iscomfortably below the physical memory of the machine.
Also, to optimize performance, you should always increase Cache Pages (max 15000) to its
limit before increasing Blocks/Page.

3.4.2.1 Setting Guidelines
Starting with FEMAP version 7.0 FEM AP handles memory differently and requires differ-
ent settings from earlier versions.

FEMAP Version 7.0
The following figures are provided as a starting point to improve performance. Actual per-

Operating System | Installed RAM (Mb) Cache Pages Blocks/Page
Windows 95/98, NT 64 10500 1
128 12000 2
256 14000 4
512 15000 8
1000 15000 15

formance will vary depending upon other concurrent applications and model specifics. Once
again, it is best to increase Cache pages to 15000 before increasing Blocks/Page

\Wte:

For best performance you should have enough physical Ram to load the entire model file
into memory. i.e. if you expect your model files to be a maximum of 100 Mb then you
would want FEMAP to allocate at least 100 Mb of memory. If you had 128 Mb of physical
RAM thiswould leave 28 Mb for windows and other programs that may be running at the
same time as FEMAP.

FEMAP Version 5 & 6
Memory is handled differently starting with FEMAP version 7.0. For earlier versions of

FEMAP use the table below.
Operating System | Installed RAM (Mb)| Cache Pages - Max Blocks/Page

Windows 95/98 32 480 20

64 1024 24

96 1024 38

128 1024 52
Windows NT 32 390 20

64 1024 22

96 1024 36

128 1024 50




User Interface

This section describes the FEMAP User Interface. It is divided into four major sections. The
first section describes the overall graphical interface, aswell asits relationship to FEMAP.
The second section involves accessing commandsin FEMAP. There are seven major methods
of accessing commands: (1) Standard Menu, (2) View Toolbar, (3) Command Toolbars, (4)
Toolbox, (5) Quick Access Menu (right mouse button), (6) Shortcut Keys, and (7) Status Bar.
The third section describes common dialog boxesin FEMAP, while the fourth section pro-
vides information on the FEM AP Workplane and other toals.

4.1 Overview

4.1.1

4.1.2

This section provides an overview of the graphical user interface for FEMAP. Explanations of
FEMAP’s connections with Windows, as well as a general overview of the Windows whic
comprise the graphical user interface are provided. This section is divided into a brief des
tion of the overall FEMAP Interface, the FEMAP Main Window, the FEMAP Messages an
List Window, and the FEMAP Graphics Window.

The FEMAP/Windows Team

FEMAP is a true Windows program. Therefore, if you have any experience running a Wi
dows program, you will understand the FEMAP format. Careful implementation of Windo
standards makes learning to use multiple Windows applications much easier since there
many similarities in the user interface.

The other distinct advantage of being a true Windows program is you can easily export in
mation directly from FEMAP to other Windows programs. This is extremely useful when
generating reports with graphical information such as color contours. You can simply use
File Picture Copy to generate a Metafile copy on the clipboard, and use an Edit Paste Sp
in such programs as Microsoft Word to paste the picture into a Word document. You can t
even scale this picture in Word since it is contained in Metafile format. Similarly, you can
copy information from the FEMAP Messages and Lists Windows to such programs as
EXCEL for further manipulation of data.

The FEMAP Windows

The two most basic visible parts of any Windows application are its window and the dialo
boxes that it uses for input. Dialog boxes are typically only displayed when input is requir
and then disappear. Conversely, windows usually remain visible to present text or graphi
information until you decide to close or destroy them. FEMAP uses three distinct window.
(1) Main Window, (2) Graphics Window, and (3) Messages and Lists Window. The figure
below notes the location of the three windows, as well as other features inside of these
dows. A description of each of these windows is provided.
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4.1.2.1 The FEMAP Main Window

The FEMAP Main window is the “parent” or “application window” for FEMAP. When you
begin FEMAP, this window will occupy your entire screen. It can be resized and moved
using the standard Windows methods, but it cannot be closed or destroyed (unless you exit
FEMAP).

The Main window defines the “FEMAP Desktop”, the portion of the screen that will be used
by starting FEMAP. Although you can manually move FEMAP's other windows outside of
the boundaries of the Main window, their default sizing and position will always be inside
this window. Similarly, if you minimize this window turning it into an icon, all other

FEMAP windows (graphics and messages and lists) will disappear. They will automatically
reappear when the icon is restored to its original form or maximized to full screen.

The most important function of the FEMAP Main Window is to provide the user with easy
access to the many powerful tools in FEMAP. It provides access through several methods,
including the FEMAP Main Menu, Toolbars (Command and View), and the Folders or Trays
on the Status Bar at the bottom right portion of the Main Window. Each of these areas will be
discussed in more detail in the Accessing command section later in this chapter.

In addition to command access, the Main Window also serves to identify the current model,
as well as provide status and help information. The FEMAP Title Bar at the top of the win-
dow will show the name of the current model. It will also serve as Menu Help if you do not
have an active Status Bar.

The Status bar at the bottom of the FEMAP Main Window has several functions. When per-
forming commands that require more than a few seconds, such as importing a large amount
of analysis results, the status bar will demonstrate the percentage completed. This provides
feedback that FEMAP is still importing the file, and is still active. When not performing
commands, the Status Bar will serve as the Menu Help location and contain trays which
allow you to access FEMAP command to activate a specific Property, Load Set, Constraint
Set, Group, and Output Set. You may also use the last command in this sequence.

To use Menu Help, simply move your cursor to a Menu or Toolbar command. A brief
description of the command will be provided in the Status Bar location (or Title Bar location
if the Status Bar is not active). If you maintain the cursor above one of the Toolbar com-
mands, you will also see the command name appear next to the cursor. This is in add
the description in the Status Bar or Title Bar locations.

The user also has control over whether the

toolbars and status bar are displayed. Withf=e, . <iotup ar
regard to the Toolbars, you can also contr( = e g
their location. By accessing the File Prefer [ Wiew Toolbar [1.70p =] fils
ences, Menu and Toolbars command, you |—_l

can decide whether to show the Toolba{s E £ Bommand Toakr |3.Ficht = ﬂl
Status Bar. You may also define the location

of the View and Command Toolbars. As with all startup preferences (see File Manipul
Chapter in the FEMAP Command Reference Manual), you must save them with Permanent
and they will only be activated the next time you enter FEMAP.

3OV4HILN] ¥3SN
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4.1.2.2 FEMAP Messages and Lists Window

The second type of window used by FEMAP isthe Messages and Listswindow. Thisis used
to display al text information (error and warning messages, listings and reports) which are
generated during your FEM AP session. Thiswindow is created automatically when FEMAP
is started and is originally positioned at the bottom of the Main window as athree line scroll
bar. Since the window must be available for display of error messages, you can never close
or destroy it, but you can minimize it to an icon.

To turn the scroll areainto a complete window simply double click in the area. The full mes-
sages and lists window will pop up. Aswith any window, you can use the sizing commands
accessed by clicking on the Left Top Corner of the window, as well as use the vertical and
horizontal arrows to scroll the window. One nice added feature of this window is that you
may toggle between Maximize and Original Position simply by pressing Control-U or by
double-clicking inside the Messages and Lists window. This enables you to view alarge
amount of datasimply at the push of abutton, and then restore it to its original size.

You may also use the right mouse button to Dock/Undock the Mes-
Dock/Undock sages and Lists Window. Simply hit the right mouse button whilein
Lires... the Messages and Lists Window, and select Dock/Undock. This
will resize the Messages and Lists Window to full screen. It will
also allow you to resize the Window manually. Simply select Dock/
Undock again if you want to dock the Messages and Lists Window
back to the FEMAP Main Window. You may also use the right mouse button to change the
number of lines of the Messages and Lists Window (also available under File Preferences,
Messages and Lists) as well as Show Icons of any minimized Graphics Windows contained
behind the Messages and Lists Window.

Information which is displayed in the Messages and Lists window cannot be edited or
changed in any way. You can however transfer information from this window to afile (using
the File Messages Save command), or to other Windows applications via the Windows clip-
board (using the File Messages Copy command). You can even select the amount of infor-
mation you want to transfer by clicking in the Window and highlighting those lines you
would like to transfer.

Sk cote
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You may also use the File Pref-

. 1 x
erences M es and Lists Meszages and Lists Preferences x|
command to modify theinfor- | [ Borders and Size
mation contained in the Mes- ¥ i Scroll Back Lines  om
sages and Lists Window. You ¥ tax Test [startup only]
can change color of thetext and W Status Colar Windowlines  [3
background, aswell asthe
number of lines. You even have | -Fonts and Colars
control over font and size of Font [Fivedsys =] sz [0 =]
text. You may also decideto
have FEMAP create a Title Bar S e [z | Pekiie |
for the Messages and Lists Tegt Color |_|3 Palette... |
Window. If you are showing -

. Highlighted Text Color |5[| Palette...
the Status Bar, the Title Bar —l
will not be shown unless you Status Message Color 50 Palete.. | x|
maximize the Messages and Enrar Colar [ Paktte. | Cancel |
Lists Window.

4.1.2.3 The FEMAP Graphics Windows

The last type of window used by FEMAP is the Graphics window. Just like the Main win-
dow and the Messages and Lists window, one Graphics window is automatically created
when you start FEMAP. By default, it will cover the area of the Main window which is not
occupied by the Messages and Lists scroll area (minus a small border). Unlike the other win-
dows, you can create multiple graphics windows (View New command) if you want to see
multiple views of your model. Conversely, you can close/destroy al of the graphics win-
dowsif you simply want to work with text information. I1f you minimize a Graphics Window
to an icon, the icon shows the current orientation of the view by drawing just the View axes
(and of course the Window Title).

The FEMAP View menu commands control all aspects of Graphics windows. Thereisa
one-to-one correspondence between the FEMAP Views and the Graphics windows. Every
Graphics window hasits own unique FEMAP View, which is stored with your model. When
a Graphics window is originally created using the View New command, a FEMAP View is
created in the model database. When that window is closed, the View remains in your data-
base (unless you use the Delete View command). To reopen the window you simply use the
View Activate command and select the desired View. The window will reappear in its
former size and position, using the same options as when it was last displayed.

Just like the Messages and Lists window, the contents of Graphics windows can be exported
to afile, or to other Windows applications. For Graphics Windows however, you must use
the File Picture Save and File Picture Copy commands.

Sizing the Graphics Windows
Also like the Messages and Lists window, there are several ways to size the graphics win-
dows including grabbing the border, pressing maximize, the View Tile and View Cascade
commands, and by pressing Ctrl-Shift-U. This shortcut key will alternately grow the active
window to the size of the main window and return it to its original size and position.
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4.2 Accessing FEMAP Commands

4.2.1

4.2.2

As mentioned in the FEMAP Main Window description, there are several ways of accessing
FEMAP commands. Most of these are contained on the Main Window, such asthe Main
Menu, Toolbars, and Status Bar. There are several other methods as well, including using the
Right Mouse Button as well as keyboard input. There are seven basic methods of accessing
FEMAP commands.

1. Main Menu

2. View Toolbar

3. Command Toolbars

4. Toolbox

5. Quick Access Menu (right-mouse button)
6. Shortcut Keys

7. Status Bar

FEMAP Main Menu

At the top of the Main window, under thetitle bar, isthe FEMAP menu. This menu provides
access to all of the available commands. You can execute these commands through any of
the standard Windows methods - picking with the cursor/mouse, pressing Alt and one of the
underlined letters or the direction keys, or by using one of the shortcut/accelerator keys
shown to the right side of the menu.

Often, some commands on the menu are displayed in gray. These commands are temporarily
disabled. For example, the List Nodes command is disabled if you do not have any nodesin
your model to list. Disabled commands will automatically enable themselves when the data
they need is available in your model.

All of the commands shown on the menu bar (at the top of the main window) cause another

menu to “drop-down” to display additional commands. You will notice that some of the
commands on this drop-down menu have a small arrow on the right side of the menu. Select-
ing one of these commands will display a third menu level. The FEMAP Main Menu never
goes below this third level, and many commands are at the second level. This minimizes the
time and effort involved in selecting commands. Each command is documented in the
FEMAP Command Reference. This manual will concentrate more on the general use of
FEMAP.

FEMAP View Toolbar

Typically located directly below the menu in the FEMAP Main Window, you will see a row

of buttons known as the View Toolbar. In contrast to the Toolbox displayed by the Tools
Toolbox command, these buttons are not user programmable, but rather give you instant
graphical access to some of the most commonly used graphical features in the program. The
actual position of the View Toolbar can be changed by the user under File Preferences,
Menus and Toolbars command. This options is a startup preference so it must be saved as
Permanent and will only be invoked when entering FEMAP.
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In general toolbar commands can be accessed at any time - even while you are in the middle
of another command. Of special note on the toolbar is the Dynamic Rotate, Pan and Zoom
button. This command allows you to dynamically orient your model in the active view with
just afew mouse clicks. These commands are very powerful for positioning your model
while in other commands and are most useful for graphical selection of your entities. Since
they can be accessed while in other commands, you can actually change orientations in the
middle of the selection process to obtain a better angle for picking the appropriate entities.
Utilizing the Dynamic Rotate and other Toolbar commands can significantly reduce thetime
required to graphically select entities

Dynamic Rotate, Rotate-Direction Zoom View Layers Snap To Screen, Pick Al
Pan and Zoom Rotate Prev Zoom Grid, Point, Node Inside
|
elo]e]¢] + @00 ala[=|wle| Er0|S F+ X 2 Bl
Pan Left, Right, \_ - View Options
Up and Down Quick Options Print
Mag Up/Down Center View Select Copy to

Clipboard

Most of the Toolbar commands (other than Copy and Print) are available at any time during
FEMAP, even in the middle of another command. The only exception is that no View Tool-
bar commands are available if you are in any other View or Toolbar command. A brief
description of each of these commandsis provided below

Toolbar Dynamic
This button isidentical to choosing the View Align By Dynamic command and provides 3D
Dynamic Rotation, Pan and Zoom. This command can also be accessed when in Render
mode by simply holding and dragging the left mouse button in the graphics window.

Toolbar Pan “|»|2]s]

Moves your model to the Left, Right, Up or Down in the active graphics window. These pro-

vide the same capability as pressing the buttons in the left side of the View Pan dialog box.

The amount that your model moves every time you click one of these buttons can be con- g

trolled by holding down the following keys as you press the buttons: m

Hold Down Pan By _E,

Nothing 10% of Window E
Shift 25% ?,
Citrl 50% m
Alt 100%
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Toolbar Rotate + |®|®|®|

Thefirst button (+/-) in this group chooses whether the other buttons will rotate around the
positive or negative axis. This button will simply change state each time you pressit. In
addition, the diagrams on the other buttons will change to reflect the direction of the rota-
tion.

The X, Y and Z rotation buttons actually perform the rotations. The following table shows
other options that you can apply if you combine these buttons with holding down a key:

Hold Down | Rotate Around Rotate By
Nothing Model Axes Angle specified in File Preferences
Shift Screen Axes Angle specified in File Preferences
Ctrl Model Axes 90 degrees
Alt Screen AXes 90 deg_;re&

The default angle for rotations is 10 degrees. If you want to change it, use File Preferences
and change the Delta angle.

Toolbar Magnify &l al

These buttons change the magnification, either up (+) or down (-) from the current setting.
You can control the change in magnification by holding down a key as you press the button:

Hold Down M agnify by
Nothing 110%
Shift 150%
Ctrl 200%
Alt Autoscale, aso changes centering
Toolbar Zoom El

Thisis an alternate zoom method that requires just a few mouse clicks. When you choose
this button, FEMAP will display the following dialog box:

Toolbar Zoom - Pick First Corner
Comer 1 le 270 % Comer2 = ([1000 % % 100 &

Although you could type numbersinto this dial og box, the intended purpose of this com-
mand is simply to point into the graphics window and click the left mouse button at opposite
corners of the area that you want to zoom into. After you click thefirst corner, you will seea
box around the zoom area, as you move your mouse. When you click the second corner, the
dialog box will automatically close and the view will redraw in the zoomed area.
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FEMAP View Toolbar &

Toolbar Previous Zoom %
[

+

This simply selects the View Previous Zoom command.
Toolbar Center

This simply selects the View Center command.
Toolbar View Select

Chooses the View Select command.
Toolbar Quick Options

Chooses the View Quick Options command.

Toolbar View Options

This command provides immediate access to many of the View Options selections. You can
change from Wireframe, to Hidden View, to Solid Model. You can a so change turn On/Off
Render Mode, Fill, Shading, Shrink Elements, offsets, and Orientation. If you choose
options, the View Options dialog box will appear to enable you to change any of the View

Q = |1 |e

Options.

Toolbar Layers =
Chooses the View Layers command.

Toolbar View Snap Modes W Hl ‘|‘| X

These buttons provide a graphical way to change the current snap mode. From left to right,
they choose Snap to Screen, Grid, Point or Node. The button that represents the current snap
mode is always shown asif it were pressed down.

Toolbar Pick All Inside El

This button changes the graphical selection method. When the button appears as one box
completely enclosed in another, al entities must be in the selection area (i.e. all Nodes of a
given Element must be in the area) for the entity to be chosen. Conversely, if the boxes only
overlap in one corner (as above), only asingle entity (i.e. one Node of the Element) must be
in the selection areafor the entity to be chosen (please see Graphical Selection sectioninthis
chapter).

Toolbar Copy @I

Selects the File Picture Copy command and transfers a copy of the current graphics window
to the clipboard so it can be pasted into other applications.

Toolbar Print @l
Selects the File Print command so that you can print the current graphics window, the screen
or the messages.
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4.2.3 FEMAP Command Toolbars

Typically located at the right of the graphics window is the FEMAP Command
Toolbar. Thistoolbar differs from the view Toolbar in that you can access multiple
toolbars from it. Some buttons activate commands while others switch the toolbar
to adifferent toolbar with more commands. There is a main toolbar and seven
underlying toolbars. The Curve Toolbar even has several toolbars beneath it.

=
e nd
&

The underlying Toolbars provide easy access to all necessary commands for a par-
ticular part of the FEA process. The underlying toolbars are divided into the fol-
lowing areas, a curve toolbar, a surface toolbar, a solids toolbar, a meshing toolbar,
aload toolbar, a constraint toolbar and a postprocessing toolbar. The Curve toolbar
has five underlying toolbars of its own. They arethe (1) line, (2) arc/circle, (3)
spline, (4) curve from surface and (5) modify curve toolbars.

Similar to other window programs, tooltips are available to tell you what the tool -
bar buttons do. Simply place the cursor over the button and wait a moment for the
tooltip to appear. A one line description of the command will also appear in the sta-
tus bar at the bottom of the FEM AP graphics window to help you determine the
functionality of the command. The toolbars are shown below with the command
they access. For a more description of the individual commands, please see the FEMAP
Command Reference Manual .

Main Toolbar

The FEMAP Main Toolbar (shown below) allows you to save, import or export information.
It also provides access to the underlying toolbars as well.

|8 =] |

Save Import Import Surface Constraint Postprocessing
Model Analysis | Analysis Toolbar Toolbar Toolbar
Model Results (1
v | > | &] = "
M
& &lsh|o|a| X #| <[ H
| ! veshing -
Mesh
Geometry Export Curve Solids Toecflbg]rg Load
Import Analysis Toolbar Toolbar Toolbar

Model

Each of the buttons which provide access to commands involve the import or export of
information. For more information on each of these command, please see the Command Ref-
erence manual in the File Manipulation chapter.
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Curve Toolbar

The Curve Toolbar consists of four separate sections. The first two sections each consist of
only one button. The first button simply returns you to the Main Toolbar, while the second
button will allow you to change the Workplane (accesses the Tool s Workpl ane command).

Reh o o Spiine C’\lljl:)\/iilel'o%?ti)tar
Main Menu Toolbar Toolbar-‘

& gl o] 2 |EA

J Arc/Circle |
Workplane Toolbar — Curve from
Surface Toolbar

The third section consists of the toolbar submenu under curves. These options work slightly
different than other submenus. All commands which access other Toolbars, aswell the Main
Menu and Workplane commands will remain on the Toolbar even when you access the dif-
ferent submenus. The commands on the toolbars below these submenus are the only ones
which change. Therefore, when you select the Line Toolbar, all commands below the Mod-
ify Edit Toolbar button will change to Line commands contained on the Line Tool bar.

A brief description of each of these Curve Submenu Toolbarsis provided below. Once again,
these commands are also available on the Main Menu under the Geometry Menu (for Line,
Arc/Circle, Spline, and Curve from Surface menus), or the Modify Menu (for the Modify
Edit Toolbar).

Line Toolbar

These commands provide easy accessto line creation commands. These commands can also
be accessed through the Geometry Curve-Line Menu on the FEMAP Main Menu. The tool-
bar is partitioned into two major sections. The first four commands create linesin 3D space,
while the remaining commands create lines in the Workplane. For more information con-

cerning each of these commands, please see the Geometry chapter of the FEMAP Command

Reference Manual.
3-D Space | Workplane
|
Continuous Offset Midline [—Point-Tangent Vertical
—| —| | | r [~ Angle-to-Curve — Horizontal
Coordinates Vector | Tangent Parallel  AtAngle 2 Points Perpendicular
Rectangle
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The Coordinates method should be used to create lines between two pointsin 3-D space.
Simply change the Snap method to Points and select the Points. The 2 Points option will
automatically project all selections onto the Workplane.
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Arc/Circle Toolbar

These commands provide easy access to arc and circle creation commands. These com-
mands can a so be accessed through the Geometry Curve-Arc and Geometry Curve-Circle
Menus on the FEMAP Main Menu. The toolbar is partitioned into two major sections, arcs
and circles. These commands create arcs and circles in the Workplane, with the exception of
the 3 Points command, which worksin 3D space. For more information concerning each of
these commands, please see the Geometry chapter of the FEMAP Command Reference
Manual.

Circles Arcs

|
| Start-End-Angle
Radius Center Tengent —‘ l 3 Points ’»
Bl i

ﬂ@ﬂ?ﬂﬁbﬁ%& s

|
Angle
Point-Tangent | Eﬁjn- |_ Etadr t
X nd-
I Center Radius

Spline Toolbar

These commands provide easy access to spline creation commands. These commands can
also be accessed through the Geometry Curve-Spline Menu on the FEMAP Main Menu. The
toolbar is partitioned into two major sections. The first section contains 5 commands which
create splinesin 3-D space. The second section contains 2 commands which create splinesin
the Workplane. For more information concerning each of these commands, please see the
Geometry chapter of the FEMAP Command Reference Manual.

|
3-D Space | Workplane
|
3D Control Points Tang|ents 0ff|Set |
Ao B | = | |

Thru 3D Points J | ! L Control Points

Thru Points

Blend

Curve From Surface Toolbar

These commands provide easy access to spline creation commands. These commands can
also be accessed through the Geometry Curve-From Surface Menu on the FEMAP Main
Menu. The first command toggles the Update Surfaces Option. If thisicon shows a continu-
ous surface, surfaces will not be updated. If it shows two separate surfaces, any Curve from
Surface operationswill also update the surfaces. You toggle between these options by simply
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clicking on thisicon. The remaining icons create curves from surfaces. For moreinformation
concerning each of these commands, please see the Geometry chapter of the FEMAP Com-
mand Reference Manual.

PrOJect

Upda[e UV Curve
Surface

REE J@I%I@I

Intersect —

Project AIong Slice

Edit Curve Toolbar

Thistoolbar provides quick access to commands contained on the Modify menu. You can
Trim, Break, Extend, Join, Fillet, or Chamfer curves. You may also Delete curves from this
Toolbar. For more information on these commands, please see the Modifying and Deleting
Geometry sections of the Geometry chapter in the FEMAP command Reference manual.

Extend

Trim _I | |— Fillet ,— Delete
el s A A4 x]
Break J |— Chamfer

Join

Surface Toolbar

These commands provide easy access to surface creation commands. These commands can
also be accessed through the Geometry Surface Menu on the FEMAP Main Menu. For more
information concerning each of these commands, please see the Geometry chapter of the
FEMAP Command Reference Manual.

Return to

Main Corners Loft

"Extrude ’* Cylinder
| 8
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Solid Toolbar

The Solid Toolbar is dlightly different than the other toolbars. In addition to containing the
commands under the Geometry Solids Menu, it also contains commands for creating bound-
aries, sketching curves, and immediate access to the FEA toolbars (Mesh, Load, and Con-
straint). You may also use this toolbar to change the active solid, and move the Workplane
onto a particular Face of a solid. For more information on these commands, please see the
FEMAP Command Reference Manual.

Pl Creat Fillet Subtract

WorkPlane reate ;

Return to Extrude Add Stitch Mesh

Main on Face Bour|1dary | "Revolve | ’( Toolbar I’ Load

Toolbar
2% 1| 4

Primitives

i | =

Constraint
Shell Toolbar

Chamfer

Mesh Toolbar

The Mesh Toolbar provides a simple method to mesh your model. The toolbar is separated
into four major sections. The first section allows you to define mesh sizes on geometry.
These commands can be found under the Mesh Mesh Control menu as well. The second set
contain meshing commands for geometry (Mesh Geometry commands). The third set con-
tain meshing command which do not require geometry, while the last segment contains
access to the Constraint and Load Toolbars. For more information on each of these com-
mands, please see the FEMAP Command Reference Manual under Meshing.

Return to

Viain Rotate Extrude Constraint
Mesh Element Element Load Toolbar
Surface Mes Mesh Curve Mesh h oa
Size h—| AI Solid Re?'on | | Toollbar
1 T T T
LA P I 2
| 2|58 > B8 |BE| 2 £ 4
Curve MeshJ Solid MeshJ Mesh J Mesh J Co —Reflect LRevolve
Size Size Surface Between Py Element Element

Element

Constraint Toolbar

The Constraint Toolbar provides a simple method to constrain your model. You can apply
both Nodal and Geometric (Point, Curve, and Surface) constraints. In addition, you can
quickly produce nodal constraints which constrain translation (Pinned - Degrees of Freedom
1, 2, 3 constrained), constrain rotation (No Rotation - Degrees of Freedom 4, 5, 6 con-
strained), or constrain both (Fixed - all Degrees of Freedom constrained). You may also use
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the Expand command to convert from geometric to Nodal constraints. For more information
on constraints and their associated commands, please see the Modeling Chapter in the
FEMAP Command Reference manual.

) Point
Return to Pinned Constraint Surface

M\i ‘ I_ Fired ‘ FConstraim
) 5| dl@[E] ot 4]E)

Nodal J NO,J Ex;land L Curve
Constraint Rotation Constraint

Load Toolbar

The Load Toolbar provides a simple method to load your model. You can apply both FEA
(Nodal and Elemental) or Geometric (Point, Curve, and Surface) loads. You may also use the
Expand command to convert from geometric to FEA loads. For more information on loads
and their associated commands, please see the Modeling Chapter in the FEMAP Command
Reference manual

Return to Elemental  Point Surface
Main Load Load Load

| |
Lﬂ&l@ﬂ_l"e_l/e_@

NodalJ Expand
Load Curve
Load

PostProcessing Toolbar

The Postprocessing Toolbar enables you to quickly modify the postprocessing options for
your current view. It is segmented into four major sections. The first section contains defor-
mation options. Y ou can change from No Deformation, to a Deformed Plot, to an Anima-
tion. The second area allows you to change from No Contour to a Contour Plot or a Criteria
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4.2.4

Plot. The third section allows you to move between Output Sets and Output V ectors, as well
as select completely new vectors (Post Data).

Next Next

Output Output
R?\;ﬁ to Deform No Contour Post Data Sept Ve|cgor Post?)Lrjcl)Cckssmg
& =] EBlEI%l 0| 0 ¢ & &8 |
J Previous— Previous
No Deformation Animate Contour Cntena Oé‘gt)“t ?/gtcfggﬁ

Thefinal button, Quick Postprocessing, provides a menu which
makes it possible to quickly change some of the common post-

v Undefomed
Scale Deformation

Actusl Defarmation processing settings. These options simply access common View
PO S Options Postprocessing settings. The menu is separated into five
Animation - Pasitive Only sections based upon the type of plot they affect. The first section
v énimstien-Load sndUnad | controls the scale of the deformation plot as well as whether the
Animate Cantours Undeformed model is visible. The second section controls anima-

v Filled Contours

tion type and number of frames. The third section allows you to
toggle animating and filled contours on/off as well as providing
quick access to the Contour Options dialog box typically
More Hptions... accessed under View Select, Deformed and Contour Data. Free-
body displays, which are also typically accessed under View
Select, Deformed and Contour Data can a so be accessed through this menu.

By selecting More Options, you may also access the View Options command with the Post-
processing category already selected. For more information on these commands, please see
the Postprocessing section of this manual, as well as the Command Reference Manual.

FEMAP Toolbox

The FEMAP Toolbox provides another method of accessing FEMAP commands quickly.
The command Tools Toolbox alternately displays and removes the toolbox dialog box. The
toolbox gives you quick, graphical access to the commands that you use most. Just by click-
ing on one of the picture buttons in the toolbox, you will execute a command or macro (just
like aprogram file but stored in the toolbox file). Icons can be confusing, so FEMAP auto-
matically displays aone line description of each button in the status bar. Simply point at the

Contour Options...

Freebody...
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4.2.5

button with your cursor. This feature can be disabled using File Preferences Menus and
Toolbars.

Arrow indicates

that a button is

used to access a

second level menu —ps

Press Here to go
back to previous menu

Most toolbox buttons execute commands, however, some will switch to a “toolbox sub-
menu”. In the standard toolbox, these buttons have a small black arrow, just like the menu
items that display a submenu. When you switch to a toolbox submenu, an extra button
labeled <<Menu, will appear at the bottom of the toolbox. Press this button when you want
to go back to the previous menu.

FEMAP comes with a standard toolbox that implements many common commands. You can
create additional toolboxes or even change the standard toolbox. Refer to the Customizatior
Chapter in the this manual for more information. If you have multiple toolboxes, the File
Preferences Libraries command is used to select the toolbox that is displayed. Simply chang
ing the preferences will not select a new toolbox if it is already on your screen. FEMAP only
refers to the preferences when you open a toolbox. Therefore, if the toolbox is already open
(on the screen), you must close it and reopen it whenever you change your preferences.

Quick Access Menu (Right Mouse Button)

The right mouse button provides another option to access certain Workplane...

FEMAP commands that are used often. Just like the Toolbar, these v sraptaSeien
Snap to Grid

Previous Command...

mands can be accessed while in other commands, or as their own Srep o P cC
mand. Simply point the cursor inside (not in the title bar or border) ¢  sraptoNode 4
graphics window, or inside the FEMAP Main window, and press the| v pickNemal 2
right mouse button. A small menu will appear on your screen at the  Zec2 z
sor location. You can choose any of the shortcut commands from tr— =~ u
menu with either the keyboard or the left mouse button. This shortc  seket ' B
menu cannot be accessed if you are pointing in the Messages and = Fusiion &
Window. Model Data...

East &t
s ata,
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Not all commands below will be visible on the Quick Access menu at any time. If command
isnot currently available, it is not placed on the Menu. For instance, Post Datawill not
appear if you are in another command, and OK and Cancel will only be visible whenin a
command.

The commands that are on the shortcut menu are described in the following table.

Command Description

OK only available while you are in acommand dialog box. It simply
presses the dialog box OK button.

Cancel only available while you are in acommand dialog box. It simply
presses the dialog box Cancel button.

Previous only available when not in another command. It accesses the last menu
command.

Workplane... | same as the Tools Workplane command. It lets you redefine the loca-
tion and orientation of the workplane

Snap to snap to the nearest screen location

Screen

Snap to Grid | snap to the nearest grid location

Snap to Point | snap to the nearest point

Snap to Node | snap to the nearest node

Pick Normal | selects normal picking where closest entity is selected

Pick Query |selectsall entities that are behind the cursor as you go through the
depth of the model and places them in alist located lower right corner.

Pick Front allows the selection of only the front most entity

Pick al Inside| controls how entities are selected with a box pick. If checked, the
entity must be completely inside the box. If unchecked, only a part of
the entity must be inside the box.

Select This menu of options allows you to control which coordinates will be
selected when you use the graphics cursor to pick alocation. Thisis
the same as capability provided with the Cursor Position dialog box.

Equations... | callsthe Equation Editor. Thisis only available when you are working
in adialog box, and in an edit or drop-down list control.

Position... displays (or removes) the Cursor Position dialog box.
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Command Description

Model Data... | allows you to choose the |oads, constraints and group which will be
displayed in the active view. This is the same as the Model Data push-
button which is available in the View Select command. It will not be
visible when in another command

Post Data... | allows you to choose the output set and vectors which are used for
postprocessing. Thisis the same as the Deformed and Contour Data
push-button which is available in the View Select command. It is not
available when no output exists or when you are already in another
command.

XY Data... allows you to choose the output sets and vectors which are used for
XY plots. Thisisthe same asthe XY Data push-button which is avail-
ablein the View Select command. It is not available when no output
exists or when you are already in another command.

These commands are most useful in two circumstances. The first circumstance is to modify
the Snap To (more fully explained in the next section) when coordinate input isrequired. If a
Node or Point exists at the appropriate coordinate location, you can change the Snap To to
Node or Point, select the Node or Point, and FEMAP will automatically use the position
value as the input coordinates. You could actually use the right mouse button to access the
Workplane command, and then use the right mouse button to change the mode of the Snap
To when defining the coordinates of the plane. You could even use three different methods to
define the three different coordinate | ocations.

The other major advantage to the right mouse button is that it enables you to quickly access
commands for viewing your model that are several menu commands deep. For instance, the
Model Data command allows you to change from viewing the entire model to just viewing a
group. To access this command through the menu, you need to hit View Select, and then hit
Model Data, choose the Group, and then exit the way you camein. If you are continuously
changing the groups to view, this could become tedious. Instead, you can simply hit Model
Data, change the Group, and hit OK. Other shortcuts include Post Data (Deformed and Con-
toured Data under View Select) and XY Data (also under View Select).

Shortcut Keys

FEMAP has both certain keys defined as commands for quick implementation as well as
providing you the capability to define your own shortcut keys. Commands which can be
accessed through standard shortcut keys have the shortcut key listed next to their name.
Some of the most commonly used shortcut keys include F5 for View Select, F6 for View
Options, and Ctrl+Q for View Quick Options. These shortcut keys enable you to access
these commands without going through the menu substructure.

In addition to the standard shortcut keys, FEMAP also allows you to define your own short-
cut keys. Any letter of the al phabet may be defined as acommand. It is also case sensitive so
you may define up to 52 commands for the 26 capital and 26 small letters of the al phabet.
You can define these keys through File Preferences, Shortcut Keys. You can define keys just
for the current session by simply modifying these keys, or you can save them to be Perma-
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nent for future sessions by saying Yes to the Permanent question when exiting File Prefer-
ences after you have defined your shortcut keys. Therefore, you may customize your
FEMAP to access your most commonly used commands through any letter keys.

All of the standard shortcut keys are listed in Appendix A of this manual, but a few of the
more useful but less obvious are listed below. These keys work within atext or drop down
list box in a FEMAP dialog box.n list boxesin FEMAP. They do not apply to other Win-
dows applications except for those noted as Windows commands.

Key(s) Function

Ctrl+A Measure an Angle

Ctrl+C Copy (Windows Command)

Ctrl+D Measure a Distance

Ctrl+E Display FEMAP Equation Editor for
interactive definition of variables and
equations.

Ctrl+F List Functions

Ctrl+G Snap Cursor Selections to Snap Grid.

Ctrl+L Display alist of the existing entities of the
desired type.

Ctrl+N Snap cursor selections to nearest Node.

Ctrl+P Snap cursor selections to nearest Point.

Ctrl+S Snap cursor selections to screen (snap
off).

Ctrl+T Redefine Snap Grid.

Ctrl+Vv Paste (Windows Command)

Ctrl+W Redefine Workplane.

Ctrl+X Cut (Windows Command)

Ctrl+z Use Standard Coordinate Selection Dialog
Box to define location

One of the most commonly used optionsisto use these keysto perform measurements when
you want to input coordinates. Since these keys are available when you are in another dialog
box, you can perform the measurement and obtain the result as the input to the dialog box
value. Thereisno need to perform your measurements, write the information down, and then
go into the command to define the position.

4.2.7 Status Bar

Ready - Modes: 99, Elements: 216 Prop:1  |Ld:0 Con: O |Grp: O Out: 0 m A

The Status bar is contained at the bottom of the FEMAP Main Window. By default the | eft
side of the status bar keeps a running tally of the number of nodes and elementsin your
model. Thiswill be overwritten by acommand description if Menu Help isactive, but it will
return when you are not accessing or pointing at a command.
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In addition to the Menu Help and node and element counts that appear on the left side of the
bar, the right side provides one button access to:

QO Current Property

O Current Load Set

O Current Constraint Set

O Current Group (also to View the Active Group or hot)
O Current Output Set

The current property, load set, con-

straint set group and output set can be Create or Activate Load Set
changed, or a new one created, by 1D Title [NASTRAN 10

either left clicking or right clicking the

mouse. Left clicking will bring up the };;Hig{&iﬁ 12 s |
standard “Create or Activate” dialog  [10-NASTRAN 10

box for the four set based items, or a oK,
simple selection box to change the cu

rent property. _Carcel |

Right clicking will bring up a drop-down menu that will contain a list

of the current entities or sets in the model that you can choose to a ;"FL‘_“'E
vate, or you can hit Set to access the “Create or Activate” dialog ba 3";";'30%

The Group option shown here as the added feature to toggle displa;

of the Active Group. Thus, not only can you use this feature to rapi¢__ &t
switch between groups, you can also toggle between displaying the  tiew active...
active group or the entire model as a short cut to using the View Select

Model Data (or right mouse button Model Data commands).

Dynamic Query
The final item on the Status Bar provides access to the Dynamic i
Query capability. Initially it is set to Off. By right or left clicking in

. . Coord Sys..

the Dynamic Query box (the Off tray), the Dynamic Query menu Hae 2

appears. I Paoint..

By selecting any of the items on the menu, you activate Dynamic ~ Cuive... 5

Query for that entity type. For example, if you set the Dynamic Qu Surtace... g

to node, when you move the mouse around the graphics window,  “allime. . 3

will notice that the closest node to the mouse highlights. If you st|  Salid... =

for a second, additional information about that node will be displa 3

. . . . Hode... Y

in a pop-up window. If you select Nodes or Points, the coordinates 4
Element... m
katerial...

Froperty...
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displayed in the Active Coordinate System (reference contained in () of Coord), which can
be changed using Tools Parameters.

Mode 4303
Coord( 0] = 0.48063, 1.25, 1.055826
DefCS =0 OuCS =0

If you are graphically post-processing during Dynamic

Mode 1305 Query, the information that is being used to create the
Coord[ 0] =4.287826, 1., -2.718441 S . . .

DDE?ES[ Z ]D OutCS =0 graphic is also displayed in the pop-up windows.

Total Translation = 0.0317735 While a pop-up window is displaying Dynamic Query

T1 Tranglation = -5.3195E-3 . - . .
T2 Translation = -0.031 375 information, if you click the left mouse button, the

T3 Translation = -5 4474E-5 information will be echoed to the Messages and Lists
Solid Won Mizes Shess = 8584623 | window. Using this capability, you can quickly walk
around the model, and recover important information
at specific nodes and elements, and by transferring the information to the Messages and Lists
window, you can easily create areport of that critical information.

If you right click in the Dynamic Query Information box, FEMAP will create a Text entity
identical to the Query diaog box that will then be saved with the model. This provides a
convenient method to quickly annotate a key area of your model with displacement and
stress information. You can a so use Modify Edit to edit this Text just like any other FEMAP
Text entity.

Be careful when using this feature. The actual Text cannot be displayed until you redraw the
view so do not right click more than once, otherwise the result may be alarge number of
Text entities on top of one another. The best method is to right click, move the cursor and
then double left click in the graphics window to redraw the view. You should then see the
text. Other possible reasons for the text not appearing include having Text display off (use
Ctrl - View Quick Optionsto check) or you are viewing a Group and the text is not in the

group.

4.3 FEMAP Dialog Boxes

4.3.1

Many FEMAP commands require additional input to control its actions. Some commands
require you to select geometry or other entities. Others require you to specify coordinates or
choose from alist of available options. In all of these cases, one or more dialog boxesis dis-
played to request and accept that input.

Entity Selection

In FEMAP, just as in other Windows applications, when a dialog box is displayed you are
presented with one or more options, or requests for text/numeric input. To select an option,
or specify some input, you first move to that field/control using either the keyboard (TAB,
Direction or Alt+underlined_letter keys) or more directly by selecting it with the cursor. If
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the current control is abutton or list box, you can select an option using either the keyboard
or the cursor. If the current control is atext box or drop-down list box many applications
give you no choice but to go back to your keyboard and type your input. With FEMARP, you
can still do that, but in most cases (1Ds and coordinates) you can also enter the text/numeric
input graphically using the cursor.

FEMAP has several standard dial og boxes, but the most common box isthe Entity Selection
dialog box shown below. Many FEMAP commands require you to select one or more enti-
tieswhich will be used for the command. For all commands which support the selection of
multiple entities, FEM AP uses a common entity selection dialog box. With this dialog box
you can select any combination, and any number of entities from your model. As entitiesare
selected or removed, they are noted in the list of selected entities which islocated near the
center of the dialog box.

Enter Entity IDs here Select Picking Method

lection - Select Node[s] to List

& add | © Bemove ¢ Exclude lm Reset | Pick |
%:.[r:l Il !DI E"h Previous | Delete | 0]4 |
Graup I j Mare | Method | Carcel |

I— Choose entire groups here.

Use More when you want —

to choose multiple entities. Use Method to select using

an alternate approach.

List of selected entities
+Add, - Remove, x Exclude

Use OK when you are done.

Since this box appears whenever you need to select entities for the command you have cho-
sen, it is very important that you become familiar with this dialog box. You will see some
form of it over and over again. A brief explanation of each feature is provided below.

Important

Details regarding the entity selection box are provided below, however the most important
things to remember are:

Picking M ethods:

The Pick button allows you to access seven different types of picking including Normal,
Query, Front, Box, Circle, Polygon, and Freehand picking. By default, the entity selection
box allows you to select entities in the graphics windows one by one. To select all entities
inside a box, select Box (or aternatively hold down the Shift key, and then press and hold
down the left mouse button). You can now drag the cursor on screen to select all entities
within arectangle. Alternatively, using Circle (or the Ctrl key instead of the Shift key) will
circle pick. The Query pick allowsyou to bring up alist of entities that have asimilar XY
screen location thus allowing you to better understand what is being selected. Query can be
accessed temporarily by holding down the Alt key while clicking. The Front mode selects
only the entities that are in the front of the model.
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The Polygon and Freehand options are just what they suggest. The polygon option allows
you to pick point for a polygon pick, while freehand allows you to literally draw on the
screen.

Use Alternative M ethods to Speed Picking:

Individually picking each entity, or even multiple picking options are not always the most
efficient method to select FEMAP entities. Familiarize yourself with the various methods
that are available via the Methods button in the entity selection dialog box. For example,
when selecting elements, there are methods that make it very easy to select; all elements ref-
erencing anode, all element referencing a certain material, all elements of a certain type, all
elements on a surface, etc.

Add, Remove, Exclude:

These options control whether the next entity will be added to, or subtracted from, the list of
selected entities. The default is alwaysto Add entitiesto the list. The Add and Remove
options are order dependent. If you Remove an entity, and then later Add it again, the entity
will beincluded in the list since the Add occurred last. The Exclude option isthe same as
Remove, except that it is not order dependent. If you Exclude an entity, and then later Add it,
it will not beincluded in the list no matter how many times you attempt to Add it. Any of the
options can be chosen any number of times, even for the same entity. For example, you can
Add the same entity 10 timesif you want, although it will be treated just asif you had Added
the entity 1 time.

When entities are shown in the selection list, the first character indicates whether that entry

adds, removes or excludes the entity. All added entities will be preceded by a +. “Remove”

selections are indicated by a - and “Exclude” selections by an x.
ID, to, by:

These three text boxes are the primary input controls. In many cases, you will simply want to
select a single entity. In this case, just enter the entity's ID into the ID text box. If you want to
select a range of entities, enter the minimum (into ID) and maximum ID (into To), and the

increment (most often 1).

Group:

If you have defined one or more groups in your model (using the Group Menu) you can use
them to quickly identify the list of entities to be selected. Use the drop-down list to view all
of the available groups. If you choose More, all entities from the group will be loaded into

the list of selected entities.
Pick:

The Pick button provides access to various methods of graphical selection.________

The Normal option simply allows you to select one entity at a time from tl * EE[;“:'
screen. The other options provide for multiple entity selection and are Front
explained more fully below. It is important to note that the Box and Circle e
picking options can be accessed in Normal mode by holding down the SI Eg;':m
and Ctrl keys, respectively, clicking and holding the left mouse button, ar|  Fieshand

dragging the cursor across the graphics screen.
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Query

Thisoption selects all entities that are behind the cursor as you go through
the depth of the model and places the ID’s in a list located in the lower
right corner of the screen. When an entity ID is selected in the list, the [
associated entity will be highlighted in the graphics window allowing ya |z
to distinguish between coincident or nearly coincident entities. b

You can scroll the list in three ways, using the up down arrow keys, the |24
roller on the mouse, or clicking the right mouse button to move to the n
ID in the list. When the entity you wish to select is highlighted you can
select the left mouse button or press OK in the Query list box.

Eancell

\ydte:

You can either turn on the Query mode by selecting it from the Pick menu, or you can use it
for a single pick by simply holding down the Alt key while clicking. When you release the
Alt key, the picking mode will return to its previous state (either Normal or Front)

Front
This option allows only for the selection of the front most entity in the graphics window.

Box Picking

If you select this option, simply click on the left mouse button at one end of the box, drag the
cursor to the other end of the box, and release the mouse button. This will select all entities
inside the box. FEMAP provides a graphical preview of the box when you drag the cursor. If
you do not want to select any entities in the box, simply hit Cancel.

Circle Picking

This option works much like Box Picking except the original click of the left mouse button
defines the center of the circle (instead of the corner of the box), and the location at which
you release the button is a point on the circle.

Polygon Picking

This option is an extension of the Box Picking, except instead of holding the left mousg D
ton down, you click on specific locations. FEMAP will create a polygon from click to cli
for the entity selection. You can hit Done after your last location, or Double Click the Ig
point, or close the polygon by repicking the first location (the dotted line changes to sd
when you are over the first location).

Freehand Picking

This option provides the most flexible input. Simply drag the cursor by holding the left
mouse button down. When you have completed the area you want to select, simply re
the button. FEMAP will then automatically select those entities in your freehand sketc

V4HILN] ¥3sN
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The picking method always returns to Normal after you have performed a picking proce-
dure. If you need to create another polygon or freehand sketch for picking, simply select this
option again under Pick.

Preview

Usethisoption to highlight - like the View Show command - all of the entities that you have
picked so far. Each of the entities that you have placed into the selection list will be high-
lighted on the screen. After previewing your selection, you can change your selection and
preview again. The color and style of highlighting are controlled by your current settingsin
the View Show command. If you want to change them, simply go to that command, pick a
new color or new options, and they will be used for future previews. Preview is only avail-
ablefor the same entity typesthat are availablein View Show. When selecting other entities,
Preview will be disabled. If you are not using ID selection, but have switched to some other
method, you will see the selection list go blank when you press Preview. Thisis expected.
Your entities are still selected, they have simply been converted to an ID list - just like they
would beif you switched to a new method. You can continue to select using this method, but
if you want to remove a selection, you must switch to Exclude mode.

Select All:

Choosing this button selects al entities of the desired type. The selection mode is indepen-
dent of the Add, Remove, Exclude options. The entities are always added. You will seeasin-
gleentry in thelist of selected entities which looks like:

+ mnl D, maxl D, 1

where minlD and maxID are the minimum and maximum entity 1Ds respectively. Do not
worry if you have gaps in your numbering, FEMAP will only choose existing entities
between (and including) minlD and maxID.

Previous:

Whenever you complete a selection and press OK, FEMAP remembers the list of selected
entities. The next time that you need to select entities of the same type, you can choose this
button to reuse your previous selections. The selection mode is independent of the Add,
Remove, Exclude options. The entities are aways placed into the selection list in whatever
mode they were before. A separate list is saved for each type of entity, but the appropriate
list is overwritten every time the Entity Selection dialog box is displayed and you choose
OK.

Reset:

If you have already made some selections, thiswill erase al of them and start over. The
entity selection list will be blanked.
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Delete:

Thisisamore selective version of Reset which allows you to edit the list of selected entities.
First, select the entry in the list that you want to eliminate, either by using the TAB key to
move to the list, then using Up or Down to make the selection, or more simply by clicking
on the entry with the mouse. Then choose Delete - the selected entry will be removed from
the list, and those entities will no longer be selected (or deselected if the entry you deleted
was a remove/exclude entry).

Method:

The Method button will enable you to change the way entities are selected. When the dialog
box first appears, you will always be selecting entities by their ID. If you press the Method
button, you will see a popup menu that contains additional ways to select entities. For exam-
ple, if you are choosing Elements, you will be able to choose Elements by selecting them by
their ID, Material, Property, the Type of Element, or even based upon the Nodes used.

You may even select one method, choose the desired entities, switch methods, and add addi-
tional entities. FEMAP will automatically choose the ID of the elements which are refer-
enced by these other entities and place them in the selection box under the ID method. All
operations such as Add, Remove, and Exclude are still applicable even when mixing
theMethods selection. A list of the available methods for the applicabl e entities are provided

bel ow.
. Rule/ What You .
Entity Command Define What is Selected

Coordinate | ID CSysIDs IDsyou select.

System Color CSysIDs All Csyswith the same color as the selected Csys.
Layer CsysIDs All Csys on the same layer as the selected Csys.
Definition CSysIDs Any CSys defined relative to IDs you select.
CSys
Type CSys Types Any Csys of selected type.

(0,1,2)

on Point Point IDs All Csyslocated at a Point
on Node Node IDs All Csyslocated at aNode

Point ID Point IDs IDsyou select.
Color Point ID All Points with same color as a selected Point g
Layer Point ID All Points on same layer as a selected Point g
Property Property ID All Points with selected Prop as a Mesh Attribute 3
Definition CSys|IDs Any Points defined relative to IDs you select. =
CSys 3
on Curve CurvelDs Any Point used to define a selected Curve. ¢:-,
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. Rule/ What You .
Entity Command Define What is Selected

Curve ID CurvelDs IDs you select.
Color Curve D All Curves with same color as a selected Curve
Layer Curve ID All Curves on same layer as a selected Curve
Property Property ID All Curves with selected Prop as a Mesh Attribute
using Point Point IDs Any Curve which references a selected Point.
on Surface Surface IDs | Any Curve used to define a selected Surface.
on Solid Solid ID Any Curve used to define a selected Solid

Surface ID Surface IDs IDsyou select.
Color Surface ID All Surfaces with same color as a selected Surface.
Layer Surface ID All Surfaces on same layer as a selected Surface
Property Property ID All Surfaces with selected Prop as a Mesh Attribute
using Curve | CurvelDs Any Surface which references a selected Curve.
on Volume VolumeIDs | Any Surface used to define a selected Volume.
on Solid Solid ID Any Surface used to define a selected Solid

Volume ID Volume IDs IDs you select.
Color Volume ID All Volumes with same color as a selected Volume.
Layer Surface ID All Volumes on same layer as a selected Volume
Property Property ID All Volumes with selected Prop as a Mesh Attribute
using Surface | SurfacelDs | Any Volume which references a selected Surface.

Node ID Node IDs IDsyou select.
ID - Free Edge | Node IDs IDs you select but only those on Free Edges
ID - Free Face | Node IDs IDs you select but only those on Free Faces
ID - Con- Node IDs IDs you select but only those that are constrained
strained
ID - Loaded |NodelDs IDs you select but only those that have |oads
Color Node IDs All Nodes with same color as a selected Node
Layer Node IDs All Nodes with same layer as a selected Node
Definition CSys|Ds Any Node defined relative to IDs you select.
CSys
Output CSys | CSysIDs Any Node with Output CSys equal to IDs you select.
on Element Element IDs | Any Node used to define a selected Element.
on Point Paoint ID Any Node which references a selected Point
on Curve CurveID Any Node which references a selected Curve
on Surface Surface ID Any Node which references a selected Surface
in Solid/Vol- | Solid/Volume | Any Node which references a selected Solid/Volume
ume ID
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. Rule/ What You .
Entity Command Define What is Selected
Element ID Element IDs |IDsyou select.
ID - Free Edge | Element IDs | IDs you select but only those with Free Edges
ID - Free Face | Element IDs | IDsyou select but only those with Free Faces
ID - Loaded |ElementIDs |IDsyou select but only those that have loads
Color Element IDs | All Elements with same color as a selected Element
Layer Element IDs | All Elements with same layer as a selected Element
Property Property IDs | Any Element which references a Property you select.
Material Material IDs | Any Element which references a Material (viaa
Property) you select.
Type Element / Any Element of a selected type.
Property Types
Shape Element Shape | Any Element with same Shape as the selected Ele-
ment.
using Node Node IDs Any Element which references a selected Node.
on Paint Point ID Any Element which references a selected Point
on Curve CurvelD Any Element which references a selected Curve
on Surface Surface ID Any Element which references a selected Surface
in Solid/Vol- | Solid/Volume | Any Element which references a selected Solid/Vol-
ume ID ume
Material ID Material IDs | IDsyou select.
Color Materia IDs | All Materials with same color as a selected Materia
Layer Material IDs | All Materials with same layer as a selected Material
on Property Property IDs | Any Material which isreferenced by a selected Prop-
erty.
on Element Element IDs | Any Material whichisreferenced (viaa Property) by
a selected Element.
Type Material Types | Any Material of a selected type.
Property ID Property IDs | IDsyou select.
Color Property IDs | All Properties with same color as a selected Property
Layer Property IDs | All Properties with same layer as a selected Property
on Element Element IDs | Any Property which is referenced by a selected Ele- g
ment. |
Material Material IDs | Any Property which references a selected Material. z
Any Property of a selected type. r;q'
— 2 = 2
i eatuce To The Method button appears not only in the m
e IML Entity Selection dialog box, but also in most
o s standard dialog boxes, such as defining a coor-
© Ousids dinate location, a vector, or aplane. There are

e | currently eighteen (18) methods available to
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define a coordinate location, thirteen (13) methods to define a vector, and eleven (11) meth-
odsto define a plane. If you need to define a point, vector, or plane, and you think thereisan
easier method than simply inputting the coordinates of the locations, there probably is.
Check the Methods button to see what options are available to you. It can save you tremen-
dous amounts of effort by using different methods.

The method’s ID-Constrained and ID-Loaded dialog
boxes set up rules that allow you to only select entities

dnSet R = related to a specific load or constraint. First select the fil-
F’;FTX M E T PR HZ‘ ter you wish to use then use the graphical selection meth-
ods such as Box Pick to select a large area of the model.
[ ok | concel | FEMAP will then apply the filter to all of the entities in

the box and only select those entities that passthe filter.

More, OK:

These options select the entities specified by ID,to,by or the entities in the selected Group.
The entities will be included in the selection list based on the setting of Add, Remove,
Exclude. The only difference between More and OK is that OK finishes your selection while
More lets you select additional entities or simply review the list.

4.3.1.1 Graphical Selection

One of the most powerful features of the entity selection dialog box is its ability to select
entities graphically. Before you can select entities graphigallymust make surethat the
keyboard focusis set tothe ID field, just asif you weregoing to typean ID. This is

always the case when the dialog box is first displayed. You can check however by looking
for the blinking vertical bar cursor. If it is in the ID field you are ready to go, otherwise click
with your mouse in the ID field before selecting.

Selecting Single Entities

Whenever you want to select entities one at a time (even if you want to pick several of them)
do the following:

1. Move the cursor through the screen. FEMAP will highlight different entities as you move
the mouse over the screen.

2. Click the left mouse button when the entity you want is highlighted. This action places the
entity ID directly into the selection list.

3. If you made a mistake by picking the wrong entity, you can either use the Delete button to
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remove it, or change to Remove/Exclude mode and pick it again.

4. Repeat the previous step until all entities have been selected (or use any of the other selec-
tion methods), then press OK to complete the selection. You will notice that once an entity
has been chosen, it is no longer dynamically highlighted, so you may more easily choose
from the remaining entities on the screen.

or, aternatively,

1. Move the cursor to point at the entity and double click the left mouse button. This places
the entity directly into the selection list and presses OK. No further input is required, but
you will not be able to correct any mistakes.

2. You can use this technique in combination with the previous “single click” method by just
“double clicking” the last entity that you want to select.

Remember, by changing the Add, Remove, Exclude setting, you can either select or deselec
entities.

When you are selecting single entities, the entity that is selected is based on where you poin
in the graphics window, and what you have previously selected. Any entity that is already in
the selection list will be skipped as FEMAP looks for the entity closest to your selection.
This means that you can pick three times at the same location to choose the three entities
which are closest to that location. FEMAP will not pick the same entity three times.

Selecting Multiple Entities
One of the most powerful graphical selection capabilities of FEMAP is the use of the Pick
method described in the Entity Selection dialog box explanation above. You have access to
Box, Circle, Polygon, and Freehand picking. Each of these methods were explained above
and will not be reiterated here. The Box and Circle picking are unique, however, in that they
can be accessed while in Normal mode. By pressing the Shift or Ctrl keys, you can select all
entities which lie inside a desired area. The Shift key enables you to define a box, while the
Ctrl key will allow you to define a circular area. To perform graphical selection, simply fol-
low the steps below:

1. Press and hold down the Shift key if you want to select inside a rectangular area, or the
Ctrl key if you want a circular area.

2. Point at one corner of the rectangular region (or the center of the circular region).
3. Press and hold the left mouse button.

4. Move the cursor. As you move, you will see a box/circle which represents the area
you are selecting. When the box/circle surrounds the area that you want, release t
mouse button. This will select all entities inside the area and add them to the selecti
You do not have to press More.

5. Make additional selections, or click the OK button when you have selected all of th
desired entities.

6. To abort a selection of this type, just release the Shift or Ctrl key prior to releasing the left
mouse button. No selection will be made.
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4.3.2

The Freehand picking method works almost identically to the circle and box picking except
it actually tracesthe history of your movement (as opposed to just using the two end points).
Polygon picking isjust slightly different in that it is not based upon dragging the cursor, but
rather you must select each individual location of the polygon.

The following tips will help you get started with graphical and multiple entity selection.

1. If you need to select many entities in acomplex region, you can combine the area selec-
tion techniques with the Add, Remove, Exclude options. By choosing add, you can com-
bine multiple overlapping square, circular, polygon, and freehand regions. By choosing
remove or exclude, you can subtract additional selections, effectively cutting holesin
your selection region.

2. Since entity selection is used by so many commands, you may find yourself wanting to
select the same entities over and over again for multiple commands. If you just want the
same selection for afew commands, the Previous button will recall your selections. If you
need to come back to this selection sometime later, it is best to use the Group optionsto
define those entities as a group. Every time you need them, you can simply use the Group
drop-down list to retrieve the selection no matter how complicated it might have been.
Remember to give the group atitle so you can remember which one to pick!

3. If you are working with a complex model, cursor selection can take awhile both for you
and for the computer to determine which entity is closest to your pick. If you define a part
of your model as a group, and then only display that group (use the Model Data option of
View Select), the process can be much simpler.

4. The cursor snap mode is used for al cursor selectionsincluding selection of entities. If
you are snapping to a Grid, Node or Point, you must remember that the entity to be
selected will be the one closest to the Grid, Node or Point that was “snapped-to”, not nec-
essarily the one closest to the location you picked. The same principle applies to area
picking. The corners of the area are changed by the snapping action.

Coordinate Definition

One of the most common actions in FEMAP is to define the coordinates of a desired loca-
tion. In the most basic form this simply involves specifying the three-dimensional (X, Y, Z)
coordinates of the location in the Global Rectangular Coordinate system. In addition, coordi-
nates can be specified in Global Cylindrical, Global Spherical or relative to any other coordi-
nate system you create. The following figure shows the conventions for entering coordinates
in any type of FEMAP coordinate system. The conventions shown in this figure are used
throughout FEMAP. Whether you are actually specifying a coordinate, defining a vector,
defining a plane or entering some other coordinate related data, these conventions are your
key to interpreting the input which is required.
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Coordinate Definition

Figure 1:

\ydte:
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Onto Surface
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Coordinate Definition Conventions

Spherical
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Cylindrical
(R,6,2)

Throughout FEMAP all angular dimensions must be spec-
ified in degrees.

In many cases, you cannot easily determine coordinates.
For these times, FEMAP provides numerous alternative
coordinate definition methods which allow you to specify
the coordinates in terms of quantities or entities that you
do know. With any of the methods, you can use any of the
global or user defined coordinate systemsto further sim-
plify your input.

All of the coordinate definition methods provide a Method
button which allows you to switch to another coordinate
definition method. Switching methods involves selecting
an option from the popup menu.

When you start amodel, some of the methods will be
unavailable. For example, you cannot use On Node, if you
do not have any nodes. All of the methods will automati-
cally become available as soon as the required entities are
created.

FEMAP isafull three-dimensional modeling program.

All coordinates are always specified with 3 coordinates, relative to one of the Global or
User-defined coordinate systems. The FEMAP Workplaneis only used for graphical selec-
tions and to orient geometry created by certain geometry creation commands.

The Locate method is the default when you start FEM AP and the L ocate coordinate defini-
tion dialog will be displayed by every command that requires coordinates. If you switch to a
different method, that method will become the default for all commands until you switch

again.
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Features for All Methods

Located near the bottom and right of all of the coordinate definition dialog boxes are several
common controls.

ID:

Indicatesthe ID of aPoint or Node to be created. If you are not creating a Point or Node, this
field will be disabled. The ID will automatically increment after each creation, or you can
enter the 1D of any Point or Node which does not already exist.

CSys:

Specifies the definition coordinate system in which you will enter the X,Y,Z location (or
other method). The drop-down list will contain all of the available coordinate systems for
your choice, or you can select a coordinate system from any graphics window using the cur-
sor. Changing the definition coordinate system will automatically transform any coordinates
that you have already entered into the new system. The X,Y,Z titleswill also change, based
on the type of the active definition coordinate system. For cylindrical systems, XY Z will
become RTZ (R, Theta, Z). For spherical systems, XY Z will become RTP (R, Theta, Phi).

Parameters:

Thisis another option that is only available when you are creating Points or Nodes. It allows
you to specify additional parameters for those entities. Refer to the Geometry Point and
Model Node commands in the FEM AP Command Reference Manual for more information
regarding the parameters.

Preview:

Draws a dot in the graphics windows at the location currently being defined. You can use
this option to see where the coordinate will be prior to choosing OK to accept the value.
Choosing Preview after you select coordinates with the cursor does not provide any new
information. Cursor selection automatically shows the location being picked. If you type
input, or modify a cursor selection however, Preview will show you the location.

Coordinate Locate Method

Locate - Enter Coordinates or Select with Cursor
% [-0.213871 ¥ |-0.0240981 z|n. Presview |
ok

E E5ys [0.Global Rectangulsr v Peremeters.. | [ Hisihods = Cancel

This method allows you to directly specify alocation. Asaways, coordinates are relative to
the definition coordinate system. When using this method, you are simply specifying the
coordinates directly, as shown in the previous coordinate definition conventions picture.
Remember however, that the various cursor snapping modes can be use to adjust the coordi-
nates that you choose graphically.
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Coordinate Locate In Workplane Method

Locate in Workplane - Enter Coordinates or Select with Curzor

¥ |-0.0240381 Preyiew |

ak.

[ IS Chys ID..GIDbaI Fiectangular j Parameters... Methods ™ | el

This method is very similar to the Locate Method, except only two coordinates are required,
X and 'Y inthe Workplane.

Coordinate Between Method

Between - Enter Coordinates or Select with Cursor

Pairnt1 % |MIVEEE] ¥ [-0. 0240951 z|o % From Pt 1 Preview |
Point2 # |-0.213871 v [-0.0240381 z[o |50. x|
1D |S CSus ID..GInbaI Rectangular j Parameters... | Methods ™ | Cancel |

The Between method allows you to interpol ate between two other locations. In addition to
the two endpoints, the coordinates are determined from a percent of the distance from the
first location to the second location. Just as the endpoint locations are specified in the defini-
tion coordinate system, the interpolation is also done in that coordinate system. If the defini-
tion coordinate system is non-rectangular, the resulting point may not liealong astraight line
between the endpoints. For example, inacylindrical system (R, Theta, Z), alocation 50% of
the way between the endpoints (1,0,0) and (1,90,0) is (1,45,0). Theinterpolation was carried
out along the cylindrical arc.

Point 1 P Point 2
O ® O

B B e T —
X% (100-X)%

N\ Hint:
Use this method to locate coordinates based on the positions of 2 existing Nodes or Points.
Set your cursor snap mode to Node or Point and sel ect the endpoints with the cursor. Com-

plete your selection by typing the desired percentage from the first endpoint.
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Coordinate Offset Method

Offset - Enter Coordinates or Select with Cursor

¥ |-0.0240981 41} Preview |

Eage 0,238
Offset  dx |0 v |0, & 0. 0K
1D IEI CEps ID..GInhaI Fiectangular j Parameters... | Methods ™ | Cancel |

Offset coordinates are a
In Cylindrical Coordinates variation of the Locate
Y method. You must specify
aBaselocation (just like
offset=(0,900) L ocate), but in addition,

you can specify an Offset
@og  fromthat location. The
Y offsets are delta coordi-
nates which are added to

the Base location, they are not avector. In rectangular coordinates this distinction does not
make any difference. In cylindrical or spherical coordinates however it can change the
resulting location. For examplein cylindrical coordinates (R, Theta, Z), if the baseis (1,0,0)
and the offset is (0,90,0), then the resulting location is (1,90,0), which isnot in the Theta tan-
gent vector direction from (1,0,0).

Use this method if you want to specify coordinates which are offset from a Node or Point.
Set the base |ocation by picking the desired Node or Point (with the cursor snap mode set to
Node or Point). Then just type the desired offset

Coordinate At Distance Method

At Distance - Enter Coordinates or Select with Cursor
Bass ; y [-0.0240381 z[o Distarice Preview |
Yeckor cHlD. dr |EI. leD. | Ok, I

1D |E| CSyz ID..GInbaI Rectangular j Parameters.. | Methods ™ | Cancel |

This method is simi-

lar to the offset In Cylindrical Coordinates
method. You still Y 1,10)
specify aBase.

Instead of an abso-
lute offset however,
thesecoordinatesare
defined by a Vector
direction and aDis-
tance. Thisapproach

offset = (0,90,0)
length = 1

(1,0,0)
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is useful when you want to offset a specific distance along some direction. This method does
not use delta coordinates. It always offsets along the vector.

Coordinate On Point Method

This method defines coordinates which are identical to the location of the selected Point and
requiresinput of the Point ID only. On Paint is disabled unless you have at |east one existing
Point. If you set the cursor to snap to the nearest point, you can specify the same coordinates
as On Point using the Locate method. Be careful if you are using this method to create new
Points or Nodes. They will be coincident with the Point you select, and difficult to see.

Coordinate On Node Method

Thisisidentical to the On Point method except that the coordinates are chosen at the loca-
tion of a selected Node.

Coordinate Onto Curve Method

Onto Curve - Enter Coordinates or Select with Cursor

0.21387 v [-0.0240951 z o Preview |
Curve ID |1 2 ok, I

1D|9 CSys ID..GIDbaIHectanguIar j Parameters. . | Methods | Cancel |

Baze

The Coordinate Onto Curve method projects alocation

onto acurve. The direction of the projection is always per- cUrv'%
pendicular to the curve. For example if you are projecting J
onto an arc or circle, the specified coordinates are first pro-

Ba:

jected onto the plane of the curve and then toward (or away
from) the center of the curve, to alocation on the perimeter.

te:

Remember, all curves are considered infinite. If you choose a Base location past the end of a
line segment, it will be projected onto the extended line, not to the endpoint of the segment.
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Coordinate Along Curve Method

Along Curve - Enter Coordinates or Select with Cursor
BB Alang |50. % Preview |
From EndMear % [0.55425626 v [0.82837213 z|n. [ ok |
1D IEI CSps ID..GIobaIHectanguIar j Parameters... | Methods ™ | Cancel |
2 The Along Curve method allows you to
[ Curve select coordinates along a curve. You must
P identify the Curve and a percentage Along
i i -
% @woxn the length of the curve. Thelocationis calcu

lated using the percentage of the curve
length from the end of the curve whichis
closest to the End Near location. Thisisa

X quick method to define alocation at any
position along a curve.

Coodinate Length Along Method

Length Along Curve - Enter Coordinates or Select with Cursor E3

Curve 1D |54 Length Along |-25 Preview |
From End Mear % |-EI.EESSDDS? ' |-38.8380389 z |D_ 0K I

1D|5F" CSys ID..GIobaIHectanguIar j Earameters...l Methods | Cancel |

The Length Along method allows you to

select coordinates at a distance from one end = Cure
of A curve. You must select the curve and the p ,"r
distance aong the curve. Thelocation is -l

determined by moving along the curve the (.25")

Length Along value from the end of the

curve closest to the End Near L ocation
KAY
\7”” N

If you select the curve with the mouse, the End Near location will be automatically updated
to the point where you made your selection. By selecting the curve near the end that you

want to measure from, you can automatically specify End Near with no further input.
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Coordinate Mesh Location Method

Mesh Location - Enter Coordinates or Select with Cursor

Curve D I Preview |

Mear 3 |0.55726652 v [053317042 z o |T|

(] IS CSys ID..GInbaIHectangular j Parameters. . Methods * | Cancel |

The Mesh L ocation method selects coordinates based
on the mesh size which you have defined for a Curve
or its points. If no mesh size is defined for the
selected curve, the mesh size will be determined from
the mesh size defined for the curve points or the
default mesh size. In addition to the Curve, you must
specify alocation Near to the mesh location that you
want to select. FEMAP first sel ects the curve, and then finds the closest mesh location to the
coordinates that you specified.

/ Mesh Locations

Near isautomatically defined as the location you pick if you select the curve graphically.
You do not have to specify any additiona input.

Coordinate Center Method

This method is a quick way to select the center of an arc or circle. Simply identify the arc or
circle you want to use. You cannot choose any other type of curve for this method. Refer to

the Midpoint method for other curve types. As an alternative for arcs and circles you can use
the On Point method, since the center of the arc or circle is aways defined by a point.

Coordinate Midpoint Method

The Coordinate Midpoint Method is a simple way to select coordinates

in the middle of a curve. These coordinates always lie along the curve. P
For exampl e, they lie on the perimeter of an arc, at an equal arc length

from the beginning and end of the arc. For aline, the point is simply

half way between the endpoints.

The only input required for this method is to select the curve that you
want to use.
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Coordinate Intersect Method

Interzect - Enter Coordinates or Select with Curzor

Curve D 1 B Curve D 2 [T Preview |
Mearest Ta * I ¥ I £ I ok I

[ IS Chys ID..GInbaIHectangular j Earameter3...| Methods ™ | Cancel |

The Coordinate Intersect method

P defines coordinates at the intersec-
Not this intersection :
Near /’Sinceitisfanherfmm tion of two curves. You mugtselect
o the “Near” location the curves that you want to inter-

sect. In addition, you must specify a

location near the intersection. In

fact, thislocation is not required if

you areintersecting lines since there

isonly one possible intersection
location. For other curves however, where multiple intersection locations can exist, the inter-
section which is closest to the coordinates that you specify is computed.

This method considers all curves asinfinite. That is, lines are extended in both directions to
infinity and arcs are extended into circles. The intersection location does not have to fall
between the endpoints of the original curves.

The Nearest To location is automatically updated if you select the second curve graphically.
By selecting the curve near the point of intersection, you will not have to specify any further

input.
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Coordinate Onto Surface Method

Onto Surface - Enter Coordinates or 5elect with Cursor

357 v |-0.0240981 z|o. Presien |
Surface 1D IE

lDIEI CSys ID..GIobaIHectangular j Earameters...l ethods * | Cancel |

Basze

The Coordinate Onto Surface
method issimilar to Onto Curve. It
projects the base location onto a
surface. In this case the projection
is toward the point on the surface
which is closest to the original.
Typically thisdirection is perpen-
dicular to the surface, but for some
spline surfaces it might not be.

Coordinate In Surface Method

In Surface - Enter Coordinates or Select with Cursor

E
Surface 1D I Presview |
Param Loc 1 ID-5 W IE'-5

1D|E| CSps ID..GIobaIHectangular j Earameters...l Methods * | Cancel |

The Coordinate In Surface allows you to define a location based upon a parametric location
on asurface. The only input required for this command isthe surface ID and the u,v location.
The values for u,v must be between 0 and 1.

Coordinate Intersect Curve/Surface

Intersect Curve/Surface - Enter Coordinatez or Select with Cursor

Suface (D [T Cuvell  [21 Preview |
Hearest To ><| il I ZI ak. I

1D|2E CSys ID..GIobaIHectangular j Earameters...l Methods ™ | Cancel |

The Coordinate Intersect Curve/Surface option allows you to define alocation based upon
the intersection of aasolid model surface (Parasolid or ACIS) and a curve. This option can-
not be used if you do not have ACIS or Parasolid surfaces in your model and will be grayed.
Neither boundary surfaces or FEM AP standard surfaces can be used with this command.
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Simply select the Surface and Curve, and alocation near the intersection (in case of multiple
intersection points) and FEMAP will compute the location of intersection
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4.3.3 Vector Definition

Just as there are many methods to enter coordinates, there are many methods for defining a
vector in FEMAP. Some vectorsin FEMAP are just used for determining a direction. They
do not require alength. The axis around which you rotate a group of nodes is an example of
thistype of vector. Other vectors not only require adirection, but also alength. The vector
which you translate nodes along in the Move By command is an exampl e of this vector type.
For either vector type, all methods are available. Some methods, like Locate, implicitly
define their length based on the normal vector input. Other methods, like Axis, require you
to define an explicit length whenever the vector requires alength.

All coordinates and vector components required for various vector definition methods must
beinput in the active Definition Coordinate System. A drop-down list (CSys) isavailablein
each of the dialog boxes to choose the coordinate system. In addition, when you change
coordinate systems (or methods), current entries are transformed to an equivalent vector in
the new system. Therefore, you can enter part of the data using one coordinate system or
method, and then switch to a new coordinate system or method to compl ete the definition.

Just like coordinates, you can use the cursor to define the vector. For methods that let you
define the vector tip, in addition to the graphics cursor, you will see a vector coming from
the base location and attached to the cursor. For more complex methods, Bisect and Normal,
additional construction lines are visible. To see the vector prior to accepting the input, sim-
ply pick the Preview button. Thiswill draw the vector in al graphics windows.

Vector Locate Method

Yector Locate - Select Yector to Move Along E
Baze x |NEEE ¥ [-0. 0240951 z|o. Praview |

Tip  *|0766129 ¥ |-0.0240361 Z|n.
CSys ID..GIobaIHectangular j Methods ™ | Cancel |

This method defines a vector which goes from
a base coordinate to a tip coordinate. The vec-
tor length, if required, is the distance between

the two coordinates. As aways, al input isin

the active definition coordinate system.

Use this method when you know two existing
points that the vector should go between.

Vector Locate/Length Method

This method is very similar to Vector Locate, as described above. You still specify two
points, but you also specify alength. This specified length is used instead of the distance
between the two points.
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Vector Components Method

Yector Components - Select Yector to Move Along
Base ; v [0 n240381 z[o Preview |
Vector dX 1. dy [0. &z [0,

CSys ID..GIobaIHectangular j Methods ™ |

This method creates a vector by specifying a
base location and the components of a vector.
The vector length is determined by the mag-
nitude of the components that you specify.
Use this method when you want to specify a
vector or direction with specific offsets from
abase location.

\ydte:

When using a non-rectangular coordinate system, vector components are measured along
principal directions at the base location. For example, if in global cylindrical coordinates,
you specify a base of (1,45,0), and vector components of (0,90,0), thisimplies avector of 90
inches (Iength units) in the positive thetadirection at (1,45,0), or 135 degreesfrom the global
X axis. It does not imply a change in theta of 90 degrees.

Vector Direction Method

Yector in Direction - Select Yector to Move Along

Base [IWAKER v [0 0240881 z[o Preview |
Vector X |[1. ' |0. &z 0
CSyz ID..GInbaIHectanguIar j Methods ™ | Length I'l. Cancel |

This method isidentical to the Vector Component
method if you are defining a direction vector (one
with no length). If length is required, this method
allowsyouto specify it explicitly. It isnot determined
from the delta coordinates.Use this method when you
want to specify avector in acertain direction of a
specific length.
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Vector Points Method

This method isidentical to Vector Locate, except that the vector lies between two existing
points. You can mimic this method using Locate by setting the cursor to snap to Points and
selecting the same two Points. To use this method, simply select the two points (you must
have at least two pointsin your model to use this method).

Vector Nodes Method

Again, thismethod is identical to Vector Locate, except that the vector lies between two
existing Nodes. You can mimic this method using Locate by setting the cursor to snap to
Nodes and selecting the same two Nodes. To use this method, you must have at least two
Nodesin your model.

Vector Bisect Method

Yector Bizect - Select ¥ector to Move Along E
Base ; ¥ |-0.0240951 zjo Prexiew |
Tipl % [0.786129 ¥ [-0.0240981 z. | oK, |

Tipz X [n7se1zs ¥ [-0.0240981 z|. Cancel |
CSys ID..GIobaIHectangular j Methods © | Length |-|.

This method will define a vector which bisects
Tip 2 two other vectors. The two “construction” vectors
are defined by a common base location and the
location of their respective tips. The bisecting vec-
Tl tor always lies in the plane formed by the three
Base points, which must not be colinear. You must
explicitly define the length of the bisecting vector
if it is required. It is not determined from the lengths of the “construction” vectors.

Vector Normal Method

This method is similar to Vector Bisect and requires
the exact same input. Instead of bisecting the “con-
struction” vectors however, this is oriented normal
to the plane formed by the “construction” vectors. It
is still located at the base location. The positive vec-
Perpendicular Angles tor direction is determined by the “right-hand rule”

from the first “construction” vector toward the sec-
ond. Again when it is required, you must explicitly define the length. It is not determined
from the “construction” vectors.

Tip1

Base
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Vector Axis Method

YWector Axiz - Select Yector to Move Along

o7 v |-0.0240981 z o Prexiew |
Direction ¢ Positive Megative & R auis O Tais 2 Asis
LCSys ID..GIDbaI Rectangular j Methods | Length |1. Cancel

This method is unlike all preceding methods in that the only coordinates you specify are for
the base point. The direction of the vector defined by this method is based on one of the pos-
itive or negative axis directions of the active definition coordinate system. When required,
the length must be specified explicitly. If you have already defined coordinate systemsin the
desired direction(s), thisis one of the easiest and quickest methods to define a vector.

If the active coordinate system is non-rectangular the axis locations refer to the coordinate
directions at the base point. For example, in acylindrical coordinate system (R, Theta, Z) the
Y axisrefersto the Theta direction at the selected base point.

Vector Global Axis Method

This method is much like Vector Axis, except that the vector is alwaysin one of the axis
directions of the Global Rectangular coordinate system. The definition coordinate system is
only used for convenience in entering the base point. It has no effect on the vector direction.
For this reason, it does not matter whether it is rectangular, cylindrical or spherical. Again
with this method, you must explicitly define the length whenever it is required.

Vector Tangent To or Along a Curve Method

Yector Tangent or Along - Select Yector to Move Along

Curve (D I [" Beverse Direction Freview
Mear X |0.213871 v [-0.0240981 z|o.

LSus ID..GInbaIHectangular j Methods © | Lenath |1. Cancel

This method allows you to create a vector which is tangent to a curve. If you choose aline,
the vector will be along the length of the line. In addition to the curve, you must choose a

i,

location. Thislocation is projected onto the curve, and serves as the base for the vector. The (=
vector direction is determined automatically from the tangent to the curve at the projected o
location. :
Normally, tangent vector always goes from the E

start (first end) of the curve toward the end of the 3

curve  curve. If you check Reverse Direction the tangent g

\ear / will go in the opposite direction. If you are unsure m

of how the curve was created, press Preview. Then,
if the vector is pointing in the wrong direction,
reverse the current direction by clicking Reverse Direction. If you use this method to specify
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avector that requires alength, you must explicitly define the length since no length is
implied by the tangent direction.

Vector Normal To Surface

YWector Hormal to Surface - Select Yector to Move Along

On Surface I [T Beverse Direction Freview
At Point I Ok,

LCSys ID..GIDbaIHectangular j tethods © | Length I'I. Cancel

This method defines a vector which is normal to a surface at a particular location. The input
for this method is simply the Surface, the Point, and Length (if required). You may also
choose to reverse the direction of the vector so it points in the negative normal direction.

Vector Normal To View Method

0dd,

Yector Normal to View - Select Yector to Move Along

v |05 z o Presvigw |

 Dutofview  Length ITI
CSyps ID..GInbaIHectanguIar j Methods * | S |1
- ) : Cancel |

This method defines a vector which is normal to the active graphics window. If there are no
graphics windows, it defines a vector parallel to global Z. The direction of the vector is
either into the view or out of the view (screen), depending upon the option chosen. When
required, the length must be explicitly specified.

This method is often very useful in combination with the various View Align and View
Rotate commands to specify vectorsin skewed directions. You can first align the view cor-
rectly, see that everything is correct, and then easily choose the vector with a minimum
amount of input without worrying about the direction.
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4.3.4 Plane Definition

FEMAP also provides multiple methods to define planes. All definition methods create a

plane which passes through an origin location and which is oriented by a vector normal to

the plane. In most cases, like specifying a plane to reflect about, coordinate directionsin the
plane are not required. When they are required however, (for example, when you define the
Workplane), “in-plane” coordinate directions are automatically determined based on your
existing input.

When you use the cursor to define a plane you will see several additions to the graphics cur
sor. As you specify the first vector used to define the plane, you will see a vector attached to
the cursor. Then as you specify the final vector/direction, the plane will be dynamically
shown on the screen. Just as in vector definitions, the more complex methods, Bisect and
Normal, will also draw additional construction lines. If you want to see the final plane prior
to accepting your input, whether you used the keyboard or mouse, pick the Preview button.
This will draw the plane in all graphics windows.

te:

Unlike vector definition, it is often necessary to press Preview to see an accurate orientation
of the plane - even if you use the cursor to define the plane. This is especially true if you are
using cursor snapping. Small movements of definition locations due to snapping can make
large changes in plane orientation.

Plane Locate Method

Baze Xlﬁ YIU- ZIU- Preview |
Point1 % |1 i z|o
Paoint2 % |0 ¥ 1. 41}

CSys ID..GIobaIHectangular = Methods ™ |

The plane locate method is the default
plane definition method. It involves
specifying three, non-colinear locations
which define the plane, a base or origin
and two other locations. The plane nor-
mal is determined from the cross-prod-
uct of the vector from the plane origin to Plane X
the first location and the vector to the Base

second location. The vector from the

origin to the first location also defines the in-plane X direction. All input is in the definit
coordinate system.

oK

Cancel

it

Tip 2

Tip1
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Plane Components Method

Plane Components - Define Model Workplane

Base ¥ IE i |D- z ID- Presiew |

O o—c—
CSuz ID..GIUbaIHectangulal j Methods ™ | Cancel |

Defining a plane by components
requires specifying an origin and the
components of avector whichisnormal
to the plane. Thelocal X directionin
the plane is automatically determined
by calculating the cross product of the
global Y axis and the plane normal. If
the plane normal liesalong the global Y
axis, then thelocal X direction is set to
lie along the global X axis.

Plane Normal Method

Plane Normal - Define Model Workplane
Baze = Iﬁ b |':|- Z IE'- Freview |

Ip X0 v |o. zZ.
CSys |D..Global Rectangular =] Methods ™ | Eancel |

The plane normal method is similar to
the Plane Components method. In this
case however, you must specify the

base/origin and a point at the tip of the
normal vector (as opposed to the com-
ponents of the normal vector). Thein-
plane X direction is determined in the
X e Y same manner as for the Plane Compo-

nents method.

Tip

Plane Points Method
Plane Pointsisjust like the Plane L ocate command except that the locations are specified
using existing Points.

Plane Nodes Method

Plane Nodes isjust like the Plane Locate command except that the locations are specified
using existing Nodes.
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Plane Bisect Method

Base % [@ v o z o Preview
Tpl  ®|0ro7i07 v |o. z |-0.707107 oK

i % ¥ z
Tip2 |n707107 |n. |n.707107 — |
CSus ID_.GIobaI Rectangular j Methods ™ |

The Plane Bisect method is similar to the Vector
Bisect method of specifying avector. It requires
specifying a base and two other vector tip loca-
tions. The resulting plane bisects those two vec-
tors. It isnormal to the plane formed by the two
vectors and oriented such that it lies midway
between the vectors, through the plane base/ori-
gin. Thenormal to the planeisin the plane formed
by the construction vectors, and points toward the
first vector. Thein-plane X direction isdefined in
the plane of the construction vectors.

Plane Csys Plane Method

[x

Tip1

CS5ys Plane - Define Model Workplane E
Baze X Iﬁ T IU- Z ID- Frewiew

Direction ' Positive & Megative %7 PlaneC YZ Plane © 2% Flane ok

CSyz ID..GIUbaIHectanguIar j Methods ™ | Cancel

This method simply chooses one of the principal planes (XY, YZ, or ZX) of the definition
coordinate system. The normal can face in either the positive or negative direction. Thein-
plane X direction is determined by the first letter in the plane definition. That is, the X direc-
tion for an XY planeisalong the X axis, the X directionfor aYZ Planeisaongthe Y axis
and for aZX plane, along the Z axis.

it

If you choose a plane in a non-rectangular coordinate system, the plane normal is defined by
the direction of the coordinate tangent at the base/origin location. For example, in acylindri-
cal coordinate system, with the origin set to (1,45,0), aZX planeis rotated 45 degrees from
where it would be if the coordinate system were rectangular. This method is very convenient
if you already have a coordinate system defined that is properly aligned to the directions you
need to select.

Plane Global Plane Method

The Global Plane method isidentical to the CSys Plane method, except that it always
chooses a plane aligned with the principal directions of the Global Coordinate System
instead of the selected definition coordinate system. Since the Global system is rectangular,
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the special cases for nonrectangular coordinate systems do not apply to this method. Thisis
the easiest method to align a plane with the Global axes.

Plane Align to Curve Method

This method allows you to quickly move the workplane, or set any other plane to the plane
of an arc or circle. Other types of curves cannot be used. The workplane origin will be
moved to the center of the arc or circle that you choose. The workplane normal will be along
the normal to the curve and the workplane X direction will be toward the first point on the
curve boundary. The only input required for this method is the curve ID.

Plane Surface Normal Method

Plane Normal to Surface - Define Model Workplane

At Point I [ First Quadrant Prewview
On Surface -' A Point I— [T Beverse Direction

ffzet By

LSz ID..GInhaIHectanguIar j Methods © | I— Cancel

This method allows you to quickly align the workplane, or set any other plane to a specific
surface. The only input required for this method is the Surface ID and the Point of the origin
(At Point). You may also specify an Axis Point to align the X-Axis of the plane. Other
options include an Offset Value, Reverse Direction of the Plane Normal, and force the First
Quadrant of the plane to contain the surface (this may flip the plane normal as well).

id.

Plane Align to View Method

4.3.5

Plane Align to Yiew - Define Model Workplane

Baze ® Iﬁ Y IEI. z ID. Freview

0. Global Rectang ehoss * |  Out of View
= I GkbalReclradr 2 ) Motk T Into View Cancel |

d

This method isjust like the Vector definition method Normal to View. The resulting plane
will passthrough the specified base/origin and will be parallel to the plane of the screen. The
normal direction can be specified as either into or out of theview. Thein-plane X directionis
aligned with the View X (horizontal) direction.

Color Palette

Throughout FEMAP you will see many dialog boxes with one or more text boxes which
allow you to choose a color. If you know the color 1D, you can just enter it into the text box.
To the right of these text boxes, however, is a command button titled Palette. Choosing the
Palette button will display the standard FEMAP Color Palette from which you can select the
color graphically. After selecting the color, choose OK, and the text box will automatically
be filled with the ID of the color you selected.
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The color palette con-
sists of 125 colors

%]

. — Color
which by et aEEEEEEEENERENERERNDOEDNOO0
P . | IERRERREEEREEEE EEECOEEOOO
iﬁ?.r“”;]ggza” EEEEEEERNEEEREREEDEODO0BOO0O0
Ition ray- FRERRRERREEEEREEECOEOOOOOOOOO
MiFO';ff-Some ERRREREREEOREEEOOEOOOOOOO0OO
graphics adapters FERERRREREREEEEOOO0O0OOOOOUO
(like the standard oo Line Suk
VGA) can not display - =
this many colors @Eﬂl@% {====
?h?sueltaa.d‘]:g)tlgsyﬂfgr — Edit Current Color Current Color Colodll  24E47
" Bed « 3 o] iled Areaz ines
additional colors will ﬁj - - j'i %ll —
bed|5p|ayedan|th' Elue j J jlﬁ EE | = Cancel |
ered patterns for any =

filled areas.

\ydte:

When FEMAP draws linesit cannot use dithered patterns, and will choose the closest avail-
able solid color to the color you have chosen. On graphics adapters that can display 256 or
more colors, all colorswill typically be solid colors and there will not be any difference
between the line and filled colors. The filled area and line colors are shown at the bottom of
the dialog box.

For Filled areas, you can a so choose one of the available hatched patterns instead of the
solid fill. Hatched patterns use the line color, not the dithered fill color. In addition, the sec-
ond row of patterns are transparent colors. You will be able to “see through” areas that are
filled with one of these patterns. Eight different transparency levels are provided by the eight
patterns. These range from completely transparent to nearly opaque. The partially transpar-
ent colors will combine with colors from any other geometry and will overpaint to produce a
tint. These transparent colors however use the “solid” line colors. You will therefore g
best results if your graphics adapter can display 256 or more colors.

For Lines, you can select a style which is either patterned (long and short dashes) or t
you choose one of the patterned linestyles, it may look solid if you are drawing very s
line segments. This can often happen with arcs, circles and splines if you set the Cur
Accuracy (in View Options) very small. Since FEMAP approximates these curves with
straight lines, setting a very small accuracy results in many very short line segments.
patterning on these curves you will have to increase the Curve Accuracy value, resulti
fewer line segments and less precise curve representations.

If you are using your mouse, you can make your palette selections (color, pattern and
style) simply by pointing at your choice with the cursor and clicking the left mouse button.
You will see a square (probably black) surround the color, pattern or style that you just
picked. This indicates that it is now the selected entry.
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You can also use the keyboard to select from the palette. You should press the direction/
arrow keysto move from color to color. Asyou press the direction keys, you will see asmall
sguare moving inside the color boxes. When the squareis visible in the color, pattern or line
style that you want, press Space. This has the same effect as pressing the left mouse button.
The color that was indicated by the small box will be selected. Just like when you use the
mouse, alarger square will appear surrounding your selection.

Using the keyboard to select from the pal ette works just aswell as using the mouse. The only
drawback is the extra time and keystrokes which are required to move the selection to the

color you want.

Editing Current Colors

You can change FEM AP palette colors by selecting the color you want to change and then
adjusting the Red, Green and Blue values for that color. Choosing Reset will set the selected
color back to its defaults. These color changes only apply to the current FEM AP model, and
are not saved across models or even for the next time you work on the same model.

Working with Palette Libraries

Palette libraries overcome the limitations which were just described. By pressing the Save
command button you can write the current pal ette, including any modifications you have
made, to afile. In afuture FEMAP session, or even adifferent model, you can press Load to
restore your saved palette from the file. When you press either Save or Load, the standard
file handling dialog box is displayed so you can choose a library file. The default file exten-
sionis*.PAL for all palette libraries, but you can specify any filename or filename exten-
sion. Unlike some other FEMAP libraries, only one palette can be stored per library file. You
must therefore choose a new filename for each palette that you want to save.

4.3.6 Library Selection

Select From Library
Library Entry

AIS] 4340 Steel

15-EPH Stairless H1025
17-4PH Stairless H1025
2024-T351 Al Plate .25-5
B061-TEST Al Plate .25-2.
7050-TEST Al Plate .25-5
7075-TEST &l Plate .25-5
Ti-Bal-4Y Sol Trk Aged.
4|51 1025 Carbon Steel
AIS] 4130 Steel

Stainless Steel &nnealed
M agnesium 22318

Search | |

Al

Library... | o |

Cancel

When you are selecting Materias, Properties, Views
or other entitiesfrom alibrary you will see the Select
From Library dialog box.

You can choose an entry from the library simply by
choosing it from the list. In many cases however, the
library may be large and you will want to search for a
specific entry rather than looking through the entire
list. Inthis case, enter any text that isfound in thetitle
you want and press Search. Thelist will bereduced to
just those entries that contain the text you specified.
You can now enter additional text, and press Search
again, to further reduce the list. Press All to return to
the full list and start again.

The default library of each type is normally specified
in the File Preferences Libraries command. You can
always choose a different library there, but you can

also pick anew library while you are working simply by pressing the Library button. You
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will then see the standard File selection dial og box where you can choose the library file that
you want to use.

4.4 The Workplane and Other Tools

This section describes the Workplane, aswell as other tools for both graphical selection and
numeric input.

4.4.1 The Workplane

Graphical Selection on most models requires selecting entities from a 3-Dimensional model
from a 2-Dimensional screen. FEMAP uses definition of a Workplane to locate a 2-Dimen-
sional pick in 3-Dimensional space.

When you make cursor selections or define two-dimensional geometry, the Workplaneis
used to define the ultimate location in three-dimensional space. There are four methods of
accessing the Tools Workplane command to define the location and orientation of the Work-
plane:

1. Tools Workplane command

2. Ctrl+W shortcut key

3. Right Mouse Button - Workplane
4. Command Toolbars

The last three shortcut methods allow you to redefine the Workplane in the middle of another
command. Using this technique, you can use the cursor to select one point projected onto
one Workplane, then realign the Workplane for additional selections.

The Workplaneis atwo dimensional plane which you can locate and align anywherein
three-dimensional space. By default, the origin of the Workplane is at the global origin and
the plane is aligned with the Global XY plane. When you make a graphical selection, the
screen location which you selected is projected along a vector normal to the screen onto the
Workplane. The resulting three dimensional coordinates are located at the intersection of the
projection vector and the Workplane.

As stated above, the Workplane can be aligned to any orientation. It is not restricted to be
normal to the current view (although it can be easily set to that orientation). If you are using
aWorkplane that is not normal to the current view, be careful when you make selections. As
long as the Workplane is not rotated too far from the screen normal you will have no prob-
lems accurately defining coordinates by picking. If the plane isrotated so that it is nearly
“edge-on” to the view however, the projection of your screen location will be nearly pal
to the plane. The resulting intersection can have very large coordinates. In any case,
with this alignment will be relatively imprecise.

DVAA=Z1N] ¥43SN
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If your Workplane is exactly “edge-on” to the view, there would not be any intersection

the projection vector. In this case, FEMAP automatically projects onto a plane which i
mal to the view, but which goes through the real Workplane origin. This feature allows
to have multiple windows which are all displaying orthogonal views and still use all of them
for selecting coordinates.

=
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4.4.2

4.4.3

The Cursor Position Tool

FEMAP only fillsin the dialog box coordinates after you make a selection. Until that time
you can only tell the precise location of the cursor by its relationship to other entities drawn
in your graphics window. The Tools Cursor Position command can provide more informa-
tion on the cursor position, and provide additional graphical selection capability. Activating
this command will display the Cursor dialog box.

With this dialog box active, as your cursor travels through any of the
graphicswindows, the displayed coordinateswill be dynamically updated.
You can make your graphical selections whenever you see the coordinates
that you want.

i Cursor
7 5 1.346480
My 0852495
iz 0.

In addition to displaying the coordinates, you will see three check boxes
(X, Y and Z) which are al initially on. If you turn any of these boxes off (by clicking on
them), you will notice that the corresponding coordinate disappears. In addition, when you
make a graphical selection, only the coordinates which are enabled (on) will be selected and
entered into the dialog box. Furthermore, after you make a sel ection with some coordinates
disabled (off), the coordinates which were disabled are automatically enabled, and the coor-
dinates which were enabled are automatically disabled.

This processis some-
! oo what complex and is

. \ . .
Pick Node 2 et , N best explained with an
with YZ enabled — Final coordinates will

be here YZ of 2, X of 3 example and apicture.

. . . Suppose you want to
& select coordinates
1_ then pick Node 3 which match the Y and
automatically picks 7 coordinates of Node
]—l . \ . i just the X coordinate 2 and the X coordi-

nates of Node 3. With

the Cursor Position
displayed, turn off the X-coordinate and make sure that you are snapping to a Node location.
Then simply select Node 2 (thisfillsinthe Y and Z coordinates of Node 2) and finally select
Node 3 (thiswill fill in the X-coordinate of Node 3, since FEMAP automatically reversed
the enabled/disabled coordinates after the first pick). If you need to do more complex selec-
tionsinvolving all three coordinates you must enabl e/disable them manually, but it still only
involves 1 or 2 clicks.

Snap To

The Snap To method of picking isavery powerful tool to locate your graphical selections at
an exact position in the model. You may access this command, and/or change the Snap To
method in five ways:

1. Tools Workplane Snap Options
2. Ctrl+T (when in another dialog box)
3. Right Mouse Button - Snap To
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4. View Toolbar
5. Individual Snap To Shortcut Keys

Thefirst two methods allow you to change the snap mode, and to redefine the spacing and
orientation of the snap grid. The last three methods allow you to simply change the snap
mode. The shortcut keys (including Ctrl+T), the right mouse button, and the toolbar can be
accessed while in other commands.

There are four modes available for the Snap To, each with its own shortcut key for a quick
change to the mode when you are inputting coordinates in a dialog box.

1. Snap To Screen (Snap Off) . . ...t Ctrl+S
2.8napToNode. ... Ctrl+N
3.SnapToPaint............iiiiiii i Ctrl+P
4.SnapToGrid ... Ctrl+G

If you simply want to change the snap mode, one of the preceding will enable you to change
the snap mode immediately. They do not display any dialogs for further input. A message
will be written to the M essages and Lists window, and the graphics cursor will change shape
to identify the active snap mode.

By changing the Snap To mode, you can change the precision of your selection, specifi-
cally by snapping to previously defined Points or Nodeswith exact locations. Thiswill
enable you to abtain the preciseness you need for your operation, while still providing
the ease and speed of graphical selection. Thisis extremely valuable when defining planes
or vectors for such things as rotating and reflecting elements, where precise coordinate are
required, and when nodes or points are already defined in appropriate locations. A brief
description of each Snap To method is provided below.

Snap to Screen (Snap Off):

Thisisthe default mode. In this mode, no snapping is done. The location selected is based
purely on the spot you pick in the graphics window and, if you are picking coordinates, the
position of the Workplane.

Snap to Grid:

Thismode uses an XY grid in the Workplane. All cursor selections will be snapped to the
closest grid point/line. Since you can control both the X and Y spacing of the grid points/
lines, and the rotation of the grid in the Workplane, you can use this method to round all cur-
sor selections to the precision of the grid spacing. For example, if you specify a 1 inch spac-
ing, al coordinate selections will be in increments of 1 inch from the origin of the
Workplane. Be careful if you are using this mode to select entities. Your pick isfirst snapped
to the grid location, and then the closest entity is chosen.

(=
()
m
]
2
-
m
~
m
>
(2}
]

For display purposes, you can change the grid to either dots or lines, or even make it invisi-
ble (not displayed). The style you choose has no effect on how the snapping is done.
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Snap to Node:

This mode will adjust the location you select to the coordinates of the closest node. This
mode isvery useful if you need to reference your selectionsto other existing Nodes. Be care-
ful though if you are using this to create Nodes. The one you create will be coincident. The
same warning applies to picking IDs in thismode. Your selection will first be snapped to the
node location, and then the closest entity will be chosen. You must have at least one Nodein
your model, and it must currently be visible in the window where you make your selection to
use this method.

Snap to Point:

Thismode isidentical to Snap to Node, except that the location is adjusted to the location of
the closest Point. You must have at least one Point in your model, and it must currently be
visible in the window where you make your selection to use this method.

When to Snap

4.4.4

By default, FEMAP will only use the snap mode that you choose when you are defining a
coordinate. If you would like it to snap every time you pick in the graphics window, use the
Tools Workplane Snap Options command and turn off the Coord Only option.

Selecting Coordinates

Coordinates are defined throughout FEMAP for many purposes. In most cases you input
coordinates through one of the standard coordinate, vector or plane dialog boxes described
previously, but afew other dial og boxes do accept coordinate data. In any of these cases, you
may supply the coordinates either by typing with the keyboard, or graphically selecting a
location from any active graphics window.

To select coordinates graphically, follow the following steps:

1. Select any of thethree (X, Y, Z) coordinate fields/contrals.

2. Move the cursor to the desired location in the graphics window
3. Press the left mouse button.

FEMAP will automatically fill in the coordinates which correspond to that location. Refer to
the discussion of snap modes in the previous section for additional information regarding
“snapping” the selected coordinates.

Normally when you select graphically, FEMAP will fill in the dialog box with the humerical
coordinates of the location that you select. If you are snapping to a point or node however,
FEMAP will insert equation functions. For example, if you snap to node 4, you would see
XND(4), YND(4) and ZND(4). Similarly if you snap to a point, the XPT(), YPT(), and

ZPT() functions are used. FEMAP uses these functions instead of the coordinate values to
increase precision. When FEMAP loads the dialog box with a numerical value, those coordi-
nates are only as precise as the number of digits in the dialog box. Typically, this is around
six or seven significant digits. These functions reference the full, double-precision coordi-
nates which are stored in the FEMAP database.

Since the six or seven significant digits is usually more accurate than you desire, you may
want to disable this feature, so you can actually see the coordinate values. Just go to the
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4.4.5

4.4.6

4.4.7

Tools Snap To command, and turn off the Full Precision feature. FEMAP will then always
use the coordinate values, no matter how you shap. Turning “Full Precision” on will cause
FEMAP to use the function references again.

Selecting Entities by their Titles

Many times, FEMAP will display a list of entities in a combo box. There are many ways that
you can select entities from these lists:

1. You can type an entity ID.

2. You can select the entity graphically as described above.

3. You can click the down-arrow (or the Alt+Down key) to view the list and select an entity.
4. You could select the entity by typing its title.

5. You can bring up a list of entities using Ctrl - L. This will only work if the entity you are
selecting can have titles.

You have two choices to enter the title. You can either prefix (or enclose) the title with a sin-
gle quote () or a double quote ("). If you use a double quote, the title that you enter must
exactly match the title of the entity. If you use a single quote, FEMAP will search all of the
available titles and try to find the string that you enter. Any title that contains that string will
be matched. Both methods are insensitive to case(i.e. Steel matches STEEL or steel). You
can never select untitled entities using this method.

You will receive an error message if the title that you type does not match any of the entities
in the list, or if it matches more than one. FEMAP will only make the selection if the title
that you type uniquely identifies an entity. This restriction eliminates potential errors that
could occur if FEMAP selected a different entity that happened to have a matching title.

Numerical Input - Real Number Formats

When you enter a real (floating point) number into a dialog box, FEMAP expects it to be in
the International Number Format that you have chosen for Windows. Using the Windows

Control Panel, if you pick the International Option, you can set the Number (not Currency,
Time or Date) Format that you want to use. FEMAP only uses the 1000 Separator (Thou-

sands separator) and Decimal Separator settings. If you choose a 1000’s Separator, t
acter is simply ignored. You do not even have to enter it, but if you do, it will be skippe
The Decimal Separator, on the other hand, is used to defined the location of the deci
tion of the number. All numbers must be entered with the proper decimal separator, ng
essarily “.”. The Leading Zero and Decimal Digits options are not used.

Numerical Input - The FEMAP Calculator

Any time you need to specify numeric input, whether it is a coordinate value or an ID,
instead of simply typing the value, you can enter an equation. FEMAP will evaluate th
equation and use the result as your value. Equations can consist of numeric values, va
arithmetic operators (+,-,*,/), parentheses, and many other functions (SQRT(), SIN(), d
and many more). Appendix C describes the available functions.

JOVIHILN] 4ZSD
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When you want to enter an equation, you can simply type the equation, or you can use the
Equation Editor. You can access the Equation Editor by pushing Ctrl+E when you arein
another command, and the Equation Editor will appear. It presents all existing variables,
arithmetic operators and functions, and lets you preview the result prior to inserting the
equation into the dialog control.

When using Variables in an equation, you must predefine or create them using the Tools

Variables command before they can be used. When you want to use avariable in an equation

simply precede the variable name by either an exclamation point (!) or an “at-sign” (@). The
exclamation point (1) simply denotes the following character(s) as a variable, while the
@variable_name operation allows an equation to reference the current value of another
equation.

Table 1: Using Variables

Variable Definition Result
lvariable_name Uses the value of the variable when it was
created or last updated.
@variable_name Evaluates the equation which was used to
define the variable, and uses the result of
that equation.

Recursive Equations

The @variable_name operation allows an equation to reference the current value of another
equation. When you use this capability, FEMAP must reevaluate all of the referenced equa-
tions. If you create multiple levels of equations, all using the @ operator, you can create a
rudimentary “subroutine” capability, where you refer to the subroutine (an equation), simply
by its variable name. We refer to this capability as a recursive equation because FEMAP
must “recursively” reevaluate the resulting equation until it eliminates all of the @ opera-
tors. FEMAP allows you to create equations with up to 5 levels of “nested” @ operators.
There is no limit on the number of @ operators in a single equation, just on the number of
levels.

For example, you can define the following equations:

IX = 5*sin(45)

la = 2.5*@Xx
and

b = @x+@a

This is equivalent to typing (5*sin(45))+2.5*(5*sin(45)).

te:

Be careful not to create a situation where two variables reference each other using the @
operator. Evaluation of either variable would cause an infinite loop and will therefore fail
when it reaches the limit of 5 nested operations. If you reach the nesting limit, either by this
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Equation Editor - Ctrl+E

type of error or any other, FEMAP will display a series of error messages which represent a
traceback of all of the evaluations that were taking place. You will haveto repeatedly press
OK to display these messages and continue.

Advanced Editing and Shortcut Keys

Windows provides extensive capabilities to enter and edit the text and numeric input which
isrequired by FEMAP. You can use the various editing capabilities (direction keys, insert/
delete,...) to create the input that you desire. You can also use other options such as copy
(Ctrl+Ins) and paste (Shift+Ins) to duplicate the input from one dialog control into another
control, or even to insert data from a different application. For controls that accept typed
input (text boxes and drop-down lists) FEM AP supplements these basic Windows capabili-
ties with the ability to display additional dialog boxes for advanced editing or entity selec-
tion, and the ability to execute certain commands. These additional capabilities are accessed
through keyboard shortcut keys or the Quick Access menu described above.

4.4.8 Equation Editor - Ctrl+E
Whenever you need N
to enter numeric E‘”" e —
input, yOU can Yanables Funchon:

always enter an
equation in place of
the actual numeric
result. The Equation
Editor dialog helps
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you create equations.

First, it contains a

much wider edit control so you can simultaneously see much more of the equation text.
More importantly however, it presents all existing variables, arithmetic operators and func-
tions, and lets you preview the result prior to inserting the equation into the dialog control.

Variables:

This shows alist of all of the variables which are defined in the current model. When a vari-
ableis created, both the defining equation and the result of that equation are stored. Choos-
ing Insert Variable will modify the current equation using the selected variable and variable
option. If “Stored” is selected, !variable_name will be inserted. When the equation is e
ated, this will use the stored numeric value of the variable. If Current is selected,
@variable_name will be inserted. In this case, the stored defining equation will be ree
ated when the new equation is evaluated, and the new value will be used. If Equation
selected, the entire defining equation will be inserted. This will let you view and modi
equation. If the variable to be inserted was defined using a simple numeric value, the
these options will have the same result.

Ops:
This section simply allows you to see and insert a list of the available arithmetic operators.
Using this option, parentheses are always inserted in pairs and balanced.
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Functions:
In addition to numbers, FEM AP equations can contain arithmetic, trigonometric and model
query functions, all of which can beinserted using this list. Some of the model query func-
tions require an argument which is an entity type number. They are all shown with a “->" in
the function list. For those functions, the argument is automatically inserted based on the
entity type selected from the second list. A more detailed description of each function can be
found in Appendix C.

Calculate:

This button will automatically evaluate the equation that you are defining and display the
result.

Save Variable:

If you want to save this equation (and its result) as a variable, simply enter the name of a new
variable in this text control. Then if you choose OK, the variable will be created.

If you are using your mouse with the equation editor, you do not have to press the various
Insert buttons. Instead, you can simply double-click with the left mouse button in any of the
lists. The entry that you are pointing at will be inserted into the equation.



The FEA Process

This chapter gives a general overview of the steps used to create a Finite Element Analysis
model. There are descriptions of some commands and processes for creating Geometry, Ele-
ments, Materials and Properties, Loads and Constraints, and other viewing and model manip-
ulation commands used in FEMAP. This chapter isjust an overview of the process. For in-
depth information on all FEMAP commands, please refer to the FEM AP Command Refer-
ence Manual. You may also refer to the FEM AP Examples Manual for sample step by step
instruction in building, using and manipulating models.

5.1 Geometry

5.1.1

Geometry for FEA is different than most other modeling applications. The only reason for
creating geometry in FEMAP is so you can more easily generate an accurate mesh. Keep this
in mind when creating models that may be used for FEA. An example of how FEA geometry
may differ from the actual part can be as simple as a corner on a part.

Good engineering practice dictates that a corner be filleted, to relieve stress concentrations
and to match the radius of the cutting tool being used to manufacture the part. However, a
small fillet in FEA can significantly complicate the problem. Accuracy in FEA dependson
element size and aspect ratio, and an efficient transition between elements of different sizes. It
takes a very small mesh and many more elements in the area of thefillet to properly analyze
it. It ismuch easier and much faster to leave the corner as a corner and use the stress concen-
tration that appears there as an upper bound. If an areaiis so critical that thefillet or whatever
other feature you are modeling must remain, take care to create a good mesh.

Methods and Snap To

As previously discussed in Chapter 4 of this manual (User Interface), many FEMAP dialog
boxes contain a Method button.  The Method button allows you to access a drop down menu
that can be used to change the way you specify coordinate |ocations, as well as other informa-
tion. It allows you to choose the way you want to define alocation, vector, or plane. There are
many more options depending on which command you are using and what geometry you have
created. For information concerning each type of method, please review Chapter 4, User
Interface, Common Dialog Boxes. Always check the M ethod menu first when you think
there should be easier waysto definelocations, vectors or planes because most likely
thereare.

Snap To was also discussed briefly in the previous chapter, but it isimportant to note here as
well since changing your Snap To method can save you significant time and effort, especially
in creating geometry. The Snap To sets the cursor mode. It can be set to snap to the screen
(snap off), to nodes, to points or to the grid. It can be changed at any time with the shortcut
(right mouse) menu or the View Toolbar icons. It is especially valuable to change the Snap
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5.1.2

To when defining vectors or planes. You could actually define aplane by defining threeloca-
tions by snapping to a point in space (screen), a node, and a point. Remember to change
your Snap To mode when you have nodes and points already defined that arein appro-
priate positionsto define vectors and planes. It will save you considerable time by
replacing the keyboard coordinate input.

The Workplane (2-D and 3-D Geometry)

The Workplane allows you to create two dimensional geometry in athree dimensional
world. The Workplane is auser defined planein FEMAP on which the results of certain
commands will be placed. The Workplane was also discussed in the User Interface chapter
with respect to picking coordinates, but it becomes even more important when generating
geometry.

When creating geometry, you have the option to work in 2-D or 3-D space. The geometry
creation commands for the basic entities such asline, arc, circle, and spline are separated
into two major sections, 2-D and 3-D. Each submenu for these creation commands are
divided into atop section, which is 2-D, and a bottom section whichis 3-D. When you usea
command that isabovethe separator linein these Create geometry commands, the
entity will always be created in the Workplane. Any coordinates you define, if not
already in the Workplane, will be projected onto the Workplane. If your lineis not
drawn where you expected it to be, most likely it has been projected onto the Workplane. All
commands below the separator line perform operationsin 3-D so your coordinate inputs will
be used without modification.

Geometry creation for alarge 3-D model can seem like a difficult task, especially when you
are new at modeling. However, most parts can be created by visualizing them as a series of
2-D sections. Furthermore, many individuals have difficulty picturing objectsin 3-D when
viewing inherently 2-D monitors. For thisreason, it isimportant that you become famil-
iar with moving your Workplane so you may work in a series of 2-D stepsand simplify
the model creation process.

You may also want to align the Workplane to your current view to coordinate the viewing/
creation process. Thisis simply done by using Tools Workplane, choose Select Plane, click
on the Method button (once again we see the importance of the Method button) and change
the Method to Align to View, and then provide the appropriate data. You may also align the
view to the workplane with View Align By Workplane

You may also define a new Workplane based upon its relative position to the current Work-
plane. The Move Plane section of the Tools Workplane command enables you to define the
new Workplane by an offset translation and/or a rotation from the current Workplane. You
may move the Workplane in its Z direction and rotate it around its Z axis. Thisisaquick
way to change the location and azimuth of the Workplane without having to define three new
points.

Another method for defining aworkplane is using an existing surface. You first pick a sur-
face, the normal of which is used to define the normal of the plane. Then define a point to
use asthe origin. The normal of the surface and the origin point completely define the plane.
You may also definethe X and Y directions on the workplane. You pick a point that will be



Basics - Points, Lines and Curves 5-3

5.1.3
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projected onto the plane to define the X direction and the Y direction will be the cross prod-
uct of this X direction and the normal from the origin.

Basics - Points, Lines and Curves

FEMAP gives you many options for creating points, lines and curves. These options are con-
tained under the Geometry command. Points, lines, and curves are generally the starting
blocks for any model, and therefore it isimportant to have a good understanding of the dif-
ferent creation methods. The simplest method to create a point isto define its coordinates.
However, by pressing the Method button, you can access fifteen (15) different methods of
defining that coordinate location. Some of these methods will not be availableif the required
entities do not exist (i.e. you cannot use the Onto Surface method if you have no surfacesin
your model). Simply select the most appropriate Method for your circumstance and input
your values.

There are al'so alarge number of waysto create aline. The four most basic are horizontal,
vertical, points and coordinates. Points and coordinates differ in that Point commands create
aline between existing points and the Coordinates command will create a line between any
two specified locations. FEMAP will automatically generate points at the end of al lines
during the creation process. When creating a line with either the Geometry Curve-Line
Points or the Geometry Curve-Line Coordinates command, you will create alinein 3-D
space. When using a command such as Geometry Curve-Line Coordinates, remember
that you may still use the M ethod button to access other waysto input the coor dinates,
exactly asyou would if you were creating a Point.

Horizontal and vertical lines are created to alength specified under the parameters of theline
at alocation on the Wor kplane (horizontal is aong the x-axis of the Workplane and vertical
isaong the y-axis of the Workplane). Remember, commands above the line are created
on the Workplane, and those below it are created in 3-D space. Other commands under
Geometry Curve-Line enable you to create lines by inputting their relationship to other
curves or pointsin your model.

Arcsand circles can also be created in the Workplane or in 3-D space using avariety of com-
mands. All arcs are typically created by specifying three entities such as center - start - end,
start - end - radius, three points etc. Arcsin the Workplane are drawn as positive in the
counter clockwise direction (input of a negative angle when using an angle as one of the
inputs will cause FEMAP to draw a clockwise arc). 3-D arcs have no convention. Their
direction will be specified in other ways. All of the methods can be used to create equivalent
arcs. The various commands simply ease the input process. Once again, when specifying
coordinates, you can change the Method of specification to further simplify the input.

Circles are created in much the same way as arcs except, of course, they are complete cir-
cles. Again, they can be created in the Workplane or in 3-D space. Most methods are self
explanatory. Please refer to the FEMAP Command Reference for further descriptions.

Splines

Splines are complex curves of at least four (4) points. In FEMAP splines of four (4) points as
well as those created with the ellipse, parabola, hyperbola, equation, tangents and blend
options will be stored as cubic Bezier curves. All other splines will be stored as B-Splines.
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The actual curve of the spline will pass through the first and last control points but not

through the others. The other points influence the curvature of the spline. The farther a con-

trol point is from the previous control point the more the spline is ‘pulled’ in that direction.
Splines can also be created on the Workplane or in 3-D space. A number of methods are
available, the simplest being Geometry Curve-Spline Points where you select 4 to 110 points
on the spline and the control points are automatically calculated.

\Wte:

5.1.5

5.1.6

The Cancel button on the dialog box is utilized to both cancel the creation of the spline as
well as create it. If less than four points have been chosen, the Cancel button will enable you
to terminate the process without creating a spline. Once four points have been defined, how-
ever the Cancel button is used to terminate input of more points and a spline is created. If
you make an input error after four points have been defined, you cannot cancel the procedure
without creating a spline. Simply use the Tools Undo command to remove the spline if it is
inaccurate. This is true for all procedures under Geometry Curve-Spline that enable you to
create B-Splines.

Curves from Surfaces

The curves from surfaces are only available when either the ACIS or Parasolid solid model-
ing engine is active. There are five different methods to obtain curves from existing surface
data and two modes available. If update surfaces is checked, new curves will break the sur-
faces with which they interact, essentially imprinting onto the surfaces. If update surfaces is
Off, they are simply curves. The ACIS solid modeling engine requires that update surfaces
are on.

The five types of curves from surfaces are listed below:
1. Intersection - create curves at the intersection of two surfaces.

2. Project - Project a curve onto a surface using the point on the surface closest to the point
on the curve. This type is not available in the ACIS modeling engine.

3. Project Along Vector - project a curve onto a surface using a specified vector.
4. Parametric Curve - Create a curve from a constant U or V parametric value of a surface.
5. Slice - Create a curve at the intersection of the surface and a specified cutting plane.

Modifying the Basics

If you are creating geometry directly in FEMAP, use the Geometry menu commands to gen-
erate the original geometry, but the Modify commands allow you to both change original
geometry, as well as create new geometry between existing entities (such as fillets).

The Modify menu has three separate sections. We will focus on the top section, the com-
mands for modifying lines and curves in this section. The following six (6) commands are
available to quickly modify geometry:

1. Trim - cuts curves at the locations where they intersect other curves.
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5.1.7

5.1.8

2. Extend - moves the midpoints of one or more curves to a specified location.
3. Break - splits one or more curves into two pieces at a location you specify.
4. Join - extends or shortens two selected curves to their intersection

5. Fillet - connects two curves with an arc of a specified radius.

6. Chamfer - trims two intersecting curves at a specified distance from their endpoints and
connects the trimmed area with anew line.

These commands can be used to quickly change a model from a set of intersecting and over-
lapping lines to an accurate representation of your part. I n fact, once you arefamiliar with
these commands, you can start your model with linesin the proper directions, and sim-
ply Trim, Fillet, etc. until your model is complete. For example, it can be much faster to
draw the outline of the part with straight lines and then fillet where required than producing
each individual arc with the Geometry Curve-Arc command.

The second section of the Modify menu command allows you to move objects, including
geometry. You can Project, Move To apoint, Move By avector, Rotate To a point, Rotate By
an angle, Align or Scale. These commands can operate on coordinate systems, points,
curves, surfaces, volumes, solids, nodes, and elements. Moving one entity will automatically
move all associated entities. For example, moving a curve will also move al points con-
nected to that curve but not those coincident to it. You may aso move an entire mesh by
moving the coordinate system that define the nodes.

You may make copies of existing entities utilizing commands under the Geometry menu.
You can make copies of points, curves, surfaces, volumes, and solids. You can copy along a
vector, inaradial direction, by rotating around a vector, reflecting across a plane and scaling
from alocation. The procedures for executing the above commands are straightforward and
the exercises in the Examples Manual will show you the usefulness of many of these com-
mands.

te:

The Modify Trim, Extend, etc. commands are not available for solid geometry curves. These
curves must be manipulated with Geometry Solid and Curve from Surface commands.

Surfaces, Boundary Surfaces,Volumes, Solids

For all models the ultimate goal of the preprocessing portion of FEA is meshing. For most
models you will use surfaces, volumes, solids and boundary surfaces to create the mesh.
Therefore, it isimportant to have a good understanding of how they work. Most often you
will create these entities from already existing geometry (surfaces and boundary surfaces
from lines and curves, volumes from surfaces, solids from surfaces and boundary surfaces).
Surfaces (including Boundary Surfaces) are used to create 2-D elements and volumes and
solids are used for 3-D elements.

Surfaces
There are five general methods to create a surface:
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1. Select 3 or 4 corners and a planar surface (tri or quad) will be created between them.
2. Use existing curves to create a surface from “bounding” curves.
Edge Curves - three or four bounding curves coincidentally ended.
Loft - four control curves aligned in the same parametric direction.
Ruled - create a ruled surface between two curves.
3. Move a curve along a path.
Extrude - straight line path
Revolve - uses an angle around a center vector.
4. Analytical (Predefined Shape) - planar, cylindrical, conical, tubular or spherical surfaces.
5. Using existing solid geometry.
Explode - create individual surfaces for all faces of a solid. The solid is lost.
Midsurfaces - create midsurfaces between surfaces of thin-walled solids.

Four sided surfaces are considered optimum for meshing purposes because you can easily
generate a nicely mapped mesh of planar elements. During the meshing of surfaces or solids
(which mesh the surfaces first) FEMAP will determine which surfaces can be map meshed
and will do so accordingly. You can also use the Mesh Mesh Control Approach On Surface
command to dictate a mapped mesh on a surface.

Boundary Surfaces

You may use the Geometry Boundary Surface command to create a boundary. A series of
lines and curves with coincident endpoints are selected. Holes can be added by picking exist-
ing curves inside the boundary curves that form closed holes.

You may also create a Boundary automatically by using the Sketch command. The Sketch
command will allow you to use the Geometry creation commands to draw lines, arcs, etc.
When you hit Finish Sketch, FEMAP will automatically take these curves and produce a
Boundary. This is a very convenient method to quickly define a boundary.

Boundaries are created from any number of continuous curkiese curves must be
either joined at the ends or have coincident points and befully enclosed. They cannot
just intersect.

Boundaries can contain holes, aslong as the area of the hole is completely contained

within the boundary and they do not overlap. FEMAP will automatically determine

which curves if any represent holes in the boundary. Because of the arbitrary geometric
nature of boundaries, many models may require you to be more careful in the mesh genera-
tion process to obtain a good mesh. Additional information with regard to the Boundary
Mesher will be supplied in the Meshing Section.

5.1.10 Volumes

There are three basic methods to create volumes. They are:

1. Multiple existing entities as components
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Corners - locate four to eight corners.
Surface - four to six bounding coincident edged surfaces.
Between - two surfaces of the same shape.
2. Move asurface along a path:
Extrude - straight line.
Revolve - angle around a central vector.
3. Analytical (Predefined Shapes) - cylinder, cone, tube, or sphere.
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Once again, the only reason to create a volume is to create a mesh. If you can create a vol-
ume that accurately represents your part, you can readily create a good mesh. However, vol-
umes have two important restrictions:

1. No more than six surfaces or eight corner points can be used to define avolume.
2. A volume must be continuous. No voids are allowed.

These restrictions limit the usefulness of volume meshing. For this reason, this manual will
concentrate on other methods to obtaining 3-D meshing including the Mesh Extrude, Mesh
Revolve, and the Solid Meshing commands. These commands are further explained in the
Meshing Section. They all have the characteristic capability to create a Solid Element mesh
from a2-D mesh. Sinceit isimpossibleto obtain a good 3-D mesh by starting with a bad
2-D mesh, it iseven moreimportant that you understand how to generate good 2-D
meshes. The mesh generation topic will go more fully into this aspect of FEA.

5.1.11 Solids

The Solid commands are available in FEMAP Professional. They allow you to create solid
models in either the ACIS Solid Engine or the Parasolid Solid Engine. You may also import
solid models created in other CAD programs using these engines and then modify or mesh
them using FEMAP. There are additional options that allows you to import |GES trimmed
surface data that can be stitched into a FEMAP solid, or import STEP AP203 solid data.

In FEMAP there are two basic ways to create solids:
1. Using Primitives - Create blocks, cylinders, cones, and spheres.

2. Using Surfaces/Boundaries - Extrude/Revolve to create a new solid or Add/Remove
material from an existing solid. Stitch to create a solid from surfaces that completely
enclose avolume.

There are aso a number of ways to modify existing solids.

1. Fillet - Fillet an edge/edges of a solid with a specified radius.

2. Chamfer - Chamfer an edge/edges of an existing solid to a specified length.
3. Add - Join two solidsto form asingle solid.

4. Remove - Subtract one solid from another.

5. Common - Create a solid from the intersecting volumes of two solids.
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6. Embed - Create two solids, one from solid from the intersecting volumes of two solids
7. Slice - Cut asolid with a specified plane.

8. Slice Match - Cut a solid with a plane but leave matching surfaces on both solids.

9. Slice Along Face - Cut asolid along an existing face.

10. Embed Face - Extrude aface into a new solid and embed it into the existing one.

11. Shell - Convert asolid to athin walled shell by offsetting faces (Not Available in ACIS
Modeler).

Three utility commands exist for solid modeling.
1. Stitch - Sew surfacesinto a FEMAP solid. Particularly useful for IGES files.

2. Explode - Explode a solid into individual surfaces created from each face. The original-
solid datawill be lost.

3. Cleanup - Remove extra curves/points that are not required to define the solid.

5.2 Elements and Meshing

521

As mentioned above, the entire reason for creating geometry isto produce a good finite ele-
ment mesh. This section will describe the different element types contained in FEMAP, as
well as meshing procedures to obtain these elements.

Element Types

There are four basic element groups in FEMAP. They are line, plane, volume and “others”.
A list of all the elements currently supported by FEMAP, including a brief description, is
provided below.

5.2.1.1 Line Elements

Rod- Uniaxial element with tension, compression and torsional stiffness. No bending or
shear. Typically used to model trusses.

Tube- Rod element with tubular cross section. Some analysis programs will support bending
and shear. Often used to model pipes.

Curved Tube Tube element with an arc for the neutral axis.

Bar - Uniaxial element with tension, compression, torsion and bending. Used to model gen-
eral beam/frame structures. Similar to beam.

Beam- Uniaxial element with tension, compression, torsion and bending. It can be tapered
and have different properties at each end. Used to model beam/frame structures.

Curved Beam Beam element with an arc for the neutral axis.

Link - Rigid link with six stiffnesses at each end. Used to represent members that are very
stiff compared to their connections.

Spring- Stiffness and damper element. Can be torsional or axial. Used to represent purely
torsional or axial structural members.
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DOF Spring - Spring element used to connect any one degree of freedom from one node to
any one degree of freedom of another node with a specified stiffness.

Gap - Nonlinear element with different tension, compression and shear stiffness. Used to
represent surfaces or points which can separate, close or slide relative to each other.

Plot Only - Nonstructural. Used to represent structural features that are not being analyzed
but aid in the visualization of the model. Also used to define ABAQUS rigid elements for
contact.

5.2.1.2 Plane Elements

Shear Panel - Resists only shear forces. Used to model structures which contain very thin
elastic sheets, typically supported by stiffeners.

Membrane - Resists only in plane normal forces. Used to represent very thin elastic sheets.
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Bending - Resists only bending forces. Used to model plates that will only resist bending.

Plate - Resists membrane, shear and bending forces. Used to model structures comprised of
thin plate shells.

Laminate - similar to plate except that it is composed of up to 90 layers (180 if symmetrical).
Each layer can represent a different material. Used to represent laminated composite shells.

Plane Strain - Biaxial plane element. Create a 2-D model of a solid which does not vary
through its depth. Used to model very thick solids which have a constant cross section.

Planar Plot Only - Nonstructural. Used to represent structural features that are not being ana-
lyzed but aid in the visualization of the model. Also used to define ABAQUS rigid elements
for contact.

5.2.1.3 Volume Elements

Axisymmetric - Two dimensional element used to represent volumes of revolution.
Solid - Three dimensional solid element used to represent any three dimensional structure.

5.2.1.4 Other Elements
Mass - Three dimensional mass and/or inertia element located at a node. Used to represent
parts of a structure which contain mass but do not add stiffness.

Mass Matrix - Generalized mass element. Mass and inertia properties are defined as a 6x6
mass matrix.

Rigid - Rigid connection between a master and unlimited number of slave nodes. Used to
model connections which are very stiff compared to the rest of the model.

Stiffness Matrix - General stiffness element defined by a 6x6 stiffness matrix. Models cus-
tom stiffness connections not adequately represented by other stiffness elements.

Contact - Element formed from two contact segments of geocemtry or nodal entities simulat-
ing contact (including friction properties) between bodies of a finite element mesh. Bodies
can berigid or deformable.
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Slide Line - Contact element which allows input of frictional and stiffness contact informa-
tion between nodes and surfaces. Modeling of finite sliding surface interaction between two
deformable bodies.

5.2.1.5 Analysis Output

Please check the element reference and the translator reference to determine which elements
are supported and how they are translated for your analysis program before you create them.

5.2.1.6 Mesh Sizing

Before you create elements, you should first determine the mesh size using theM ESH M ESH
CoNTRoOL command. You can set a default mesh size or default number of elements, which
isused for al geometry where a specific size or number of elementsis not defined. You can
also define a specific mesh size or number of elements along aline or on a surface.

Mesh sizes can also be biased so that afiner mesh can be obtained at either end or in the
middle. Mesh sizes can be set interactively. You can a so define hard points on curves or sur-
facesto ensure anodeis placed at that location. You can even define a particular mapped
meshing approach on a surface.

Always define mesh sizes carefully to ensure good element aspect ratios, high resolution
in areas of large stress gradients and proper matching of nodeswhere curves, surfaces,
boundariesor volumes/solids meet. The last point is especially important because if nodes
are not coincident, your model will have free edges or faces at these points and will not solid
mesh or solve properly. Remember to always merge coincident nodes before attempting to
solid mesh or analyze your model.

5.2.1.7 Mesh Attributes

5.2.2

If you are meshing geometry with different element types or properties you may find it help-
ful to set meshing attributes. These commands allow you to specify various meshing param-
eters directly on geometry in FEMAP. This can save you time by allowing you to select
multiple entities to mesh at the same time while still meshing with different parameters.
Parameters that can be set include: properties, offsets, rel eases, orientations.

Element Creation
In FEMAP there are seven methods to create elements:
1. Create an element one at atime - Model Element command.
Useful for simple geometry, line elements, and to fix areas of distorted elements.
2. Create multiple elements on geometry (curves, surfaces, solids and volumes).

Mesh Geometry - line elements on curves, plane (or axisymmetric) elements on surfaces,
and solid elements in volumes and solids. When meshing surfaces, you can also combine
multiple surfaces by creating a multi-surface boundary which will be meshed to ignore
interior features.

3. Copy existing elements
Mesh Copy - make copies of existing elements along a vector.
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Mesh Radial Copy - similar to copy except in aradial direction.

Mesh Scale - create a scaled copy of the element around a given location.
Mesh Rotate - rotate the duplicate copies around a vector (axis of rotation).
Mesh Reflect - reflect (or flip) elements through a plane.

4. Convert 2-D model (curvesor elements) into a 3-D model of planar or solid ele-
ments.

Mesh Extrude - often used to generate 3-D solids from a 2-D mesh.
Curve - creates 2-D elements by moving existing curves along a vector or curve.

-
I
m
1
m
p
v
%
o
(2}
m
]
7]

Element - creates 2-D from 1-D and 3-D from 2-D elements by moving along a
vector, acurve, or element normals.

Mesh Revolve - similar to Mesh Extrude except revolves around a vector.
Often used to solid mesh volumes of revolution.
5. Non-Geometry M eshing Commands
Mesh Between - produces meshes (1-D, 2-D or 3-D) between corners.
Mesh Region - creates aruled region of nodes and/or elements between patterns of nodes.
Mesh Transition - produces an automatic mesh between existing nodes.
Useful to “fix” regions between surface meshes that are improperly connected.
Mesh Remesh/Smooth - used to modify an existing mesh.
Useful for fixing or “cleaning-up” a distorted area of a mesh
Mesh Connection - zip or unzip elements at the nodes.
Connect with line elements, rigid elements, or constraint equations.
6. Solid Meshing - automatic meshing with 3-D tetrahedral elements.
Most useful when a 3-D solid mesh of a fairly complex geometry is required.
Mesh a solid created in FEMAP with the ACIS or Parasolid modeling engine.
Automatically mesh any enclosed volume of planar elements.
Import and mesh geometry from any ACIS or Parasolid-based CAD package.
Import, stitch and mesh IGES trimmed surface data.
Import STEP solid body entities and mesh automatically.

The solid mesher also incorporates the capability to import a triangular surface mesh from
a Stereolithography file. The triangular surface representation found in most STL files is
not of sufficient quality (element shape and aspect ratio) to be fed directly into the auto-
matic mesher. The Mesh Remesh Menu contains commands which can help you trans-
form the poor triangular surface mesh into a better one.

7. Solid Meshing - semi-automatic meshing with 3-D hexahedral elements.
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Useful for creating partial or full solid hexahedral meshes.
Subdividing of solid into hex meshable regionsis required.

Mesh sizes on al solids to be hex meshed must be set at the same time using the Mesh
Mesh Control Size On Solid command with the hex meshing option chosen. Matching
surfaces are linked and mesh sizes set so the hex mesh can propagate between solids.

5.2.2.1 Surface Meshing Guidelines

The mesh generation tools above provide awide array of methods to generate your mesh.
Examine your part before you begin the meshing process to determine which method is most
applicable to your part. The guidelines below provide afew handy tips for the mesh genera-
tion process for surface element meshing.

O Most meshesinvolve creating geometry first. Define these accurately from the begin-

ning, keeping in mind you are using it for meshing purposes only (i.e remove small fea-
turesif they are not critical to the analysis).

Use the Geometry Surface command to create four(4)-sided surfaces whenever possible,
specifically for critical stress areas. Subdivide your part into regionsiif required. Four(4)-
sided surfaces enable an all quad mapped mesh with little or no distortion.

Use the Geometry Boundary Surface command to define boundaries that cannot be gen-
erated as surfaces. Remember the boundary mesher will work best with areas that have
similar length and width dimensions (globular as opposed to long and thin).

If you have solid geometry that has surfaces that are highly skewed, or you just have sur-
faces that are split at places that you do not want to split the mesh, use the Geometry
Boundary Surface From Surfaces on Solid command to create a multi-surface boundary.
This boundary surface will then be meshed, and will ignore the “interior” curves and
other features. Many surface models will generate much better meshes using this
approach.

Define your default mesh size before you start meshing by using Mesh Mesh Control
Default Size.

Use the Mesh Mesh Control Size on Curve/Surface command to individually define
mesh sizes for curves and surfaces that are used in more than one mesh region. Do this
before you start meshing to prevent misalignment between meshes in your model.

Once mesh sizes are established, use Mesh Geometry Surface/Solid commands to mesh
your model. When performing a free/boundary mesh, take note of allowable distortion
for quad elements. You may want to change the default to allow more or less distortion.

Use the Mesh Control - Approach on Surface to link surfaces or specify mapped meshes
on surfaces that would otherwise be free meshed.

You can use the Mesh Revolve/Extrude command to generate 2-D elements from 1-D
elements or curves whenever possible. This can be useful for cylindrical shapes.
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QO Utilize symmetry whenever possible to reduce meshing effort. Model size is signifi-
cantly reduced (and therefore run time) if the loading/constraints are also symmetrical. If
loads/constraints are not symmetrical, you can use the Mesh Reflect Element command
to reflect the mesh through a plane.

O Remember, you may also want to use Mesh Copy and Mesh Rotate to produce replica
elementsinstead of performing more surface or boundary meshing.

O Usethe Tools Check Coincident Nodes command to merge coincident nodes and connect
the meshes.

O Usethe View Select command and change the View to Free Edge to verify that you do
not have any unwanted free edges in the model.
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The above guidelines provide a good basis for surface element meshing. It iscritical, even
when solid meshing is the ultimate goal, that you establish a good surface mesh.

5.2.2.2 Solid Meshing Guidelines

O Often times you can avoid using volumes or solids by simply extruding or revolving
truly planar elements into solid elements. If your part has a consistent third dimension,
use Mesh Extrude or Mesh Revolve to create solid elements.

O Use the Mesh Edge Members command if planar elements are required on faces of solid
elements. Once planar elements are created, you can extrude them into solid elements.

O For simple solid parts, use volume meshing, Mesh Between, or Mesh Region to create a
solid mesh. These procedures cannot be used, however, if there are voids in the volume.

O If you have solid models with holes or other complicated intricacies, use the Solid Tetra-
hedral Mesher. The solid tetrahedral mesher creates a surface mesh first, so al items
applicable to surface meshing apply. If you have purchased FEMAP Professional you
may import in ACIS, Parasolid, IGES, STEP, or STL files or use the FEM AP solid mod-
eling commands to define geometry to create 3-D meshes.

O If you do frequent hexahedral meshing, become familiar with the types of solid shapes
that can be hexahedral meshed, and focus on dlicing your solid models into shapes of
those types. When dlicing your solid, take care to avoid creating sliver surfaces or solids.

O Thereare awide array of solid and surface modification tools. Take thetimeto learn
what each one does. Used in combination they can be very powerful and accomplish
many different tasks useful for solid meshing preparation.

O Use the explode command to create surfaces that you can cleanup, and then stitch back
into a solid for meshing.

If you follow the above guidelines for both surface and solid meshing, creating high quality
element meshes can be a simple task. Simply select where to create the elements, what type
to create, and with what property and FEMAP will do the rest. Typically, you must define
the property before creating the elements, although if no property is specified, FEMAP will
prompt you to create one.
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5.2.2.3 Element Shape Quality

Onceyou have created a mesh, always check all elementsfor distortion with the Tools
Check Distortion command. You can set maximum distortion criteriaand make a group of
any distorted elements. Fix all distorted elements if possible before adding any loads or con-
straints. Thisis especially important if the distorted elements are in a key region of the
model.

5.3 Hexahedral Modeling and Meshing

5.3.1

The following section gives an explanation of the steps necessary to perform Solid Hexahe-
dral meshing. Refer to the FEMAP Commands manual for a more complete description of
the commands.

Geometry Preparation

Preparing the geometry isthe most critical part of the hex meshing process. Complex
solids cannot be automatically hex meshed, but if divided properly into simpler solids, afull
or partial hex mesh can easily be generated.

5.3.1.1 Identifying Hex-Meshable Solids

Thefirst step in solid hex meshing is to be able to identify hex-meshable solids or regions
within solids. These would include, but are not necessarily limited to, six sided solids,
extruded solids and revolved solids. Some examples are shown below.



Subdividing the Solid ~ D=15

Examples of Solids that can be automatically Hex Meshed
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You must follow afairly strict procedure for most solids to crete a hex mesh.

1. Subdivide your model into hex-meshable solids.
2. Set the Mesh Sizes using Mesh Mesh Control Size on Solid, with the hex meshing option.

3. Verify that all solids are hex-meshable, and are properly linked to adjacent solids. If not,
return to step 1, and continue dividing your solids.

4. Hex mesh using the Mesh Geometry Hex Mesh Solids command.
Each of these steps is extremely important if you are going to succeed in creating a com-
plete, correct hex mesh.

5.3.1.2 Subdividing the Solid

Once you are familiar with the types of solids that are hex-meshable you must divide your
solid into these regions. FEMAP offers a number of commands for this process.

They include the following commands all contained on the Geometry Solid menu (refer to
the commands manual for descriptions and use):

Add, Remove, Common, Embed, Slice, Slice Match, Slice Along Face, Embed Face.
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The Slicing and Embed commands are particularly useful when attempting to create hex-
meshable regions. If you need to clean up particular surfaces on solids you can use Geome-
try Solid Explode. You can then modify these surfaces or create new surfaces with the sur-
face modeling commands. The Geometry Solid Stitch forms the surfaces back into a solid.

5.3.2 Mesh Sizing

Consistent mesh sizing throughout the model is necessary for hex meshing. Itisnot possible
to transition from alarge number of elementsto asmall number of elementswith hexahedral
elements. Sizes of elements can change but the number must be consistent. This consistent
sizing must propagate through the model, across the multiple solids that you have created.
For this reason, local mesh sizing operations have little use in hex meshing. Global sizing
and mapped surface approaches and surface linking are much more important.

The Mesh Mesh Control Size on Solid command (with the Hex Meshing option selected) is

the primary mechanism to setup the necessary mesh sizing for successful hex meshing.

Since many surfaces on your solids must be mapped meshed, curves on opposite sides of

those surfaces must have the same number of element divisions. Once you have properly
subdivided your part, the “Size on Solid” command handles all sizing automatically. Simply
specify a nominal size.

If further mesh grading is required, or you want to modify the sizes that “Size on Solid” has
created, you must use great care. If you manually change the mesh size along a curve, you
must also manually change the mesh sizes (to the same settings) on all other curves in your
solids that must match the first curve to maintain mapped meshable surfaces.

5.3.2.1 Ensuring Surface Linking

— Size For

If you have subdivided
your solid surface linking is

€ Tet Meshing required to guarantee a
—Basic Curve Siging——— | [ SurfaceInteior Mesh Growth————————————————— Contlnuous meSh Thls IS
Element Size IU_1EEEE? I~ Growth Factor I'I. done when you SpeCIfy the
¥ Replace Mesh Sizes on Al Curves — Curvature-Based Mesh Refinement Hex MeShlng Size Wlth
_ _ Mesh Mesh Control Size
¥ Min Elements on Edge ™ Refinement Ratio ID_1 on SO“d

—

v

I gt T zmee [ ~ Assembly / MultiSolid Sizing
B

¥ Max Elem on Small Feature e If you select Hex Meshing
Mas Size of Small Feature  [0-168667 :;::Immt;e\tmgl;vi:gg in the Size For area, Adja-
¥ Mapped Meshing R efinement ¥ Adiust Colors —I cent Surface Matching is
checked and grayed.
FEMAP automatically
looks at all surfaces in all selected solids and finds any coincidentl bigignportant to
remember that FEM AP will only look at the solids you select. If thiscommand isrun
multiple times on different regions of the subdivided solid, the meshes will not match.
To hex mesh the whole part you must select all subdivisions at the sametime. If adjust
colors is checked you can visualize which surfaces have been linked, and what solids are
hex-meshable. Remove previous slaving will delete any surface approaches.
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5.3.2.2 Specifying Sizes and Surface Approaches

5.3.3

5.3.4

FEMAP has the ability to use several different meshing approaches on surfaces viathe Mesh
Mesh Control Approach on Surface command. These approaches can be used to map mesh
surfaces that would otherwise free mesh, and to match surface meshes. These methods are
very useful in getting a solid to hex mesh or simply to get a better hex mesh. Please see the
FEMAP Commands manual for information on the different approaches that are available.

Free Mesh

Four Corner
Mapped Approach

kS
Specifying individual mesh sizes on curves or surfacesin hex meshing is not recom-
mended. The nature of hex meshing dictates that changes in the number of elementsin one
areamust propagate throughout the model. FEMAP will not automatically update other sizes
based on a change. You must do this manually. Be very careful, however, since because you
can easily get a discontinuous hex mesh, or no hex mesh at al.

Hex Meshing

If you have properly subdivided your solid, and set mesh sizes and surface linking correctly
the actual hex meshing is easy. Simple Mesh Geometry Hex Mesh Solids and select the sol-
ids. The nodes on the linked surfaces can be automatically merged.

HexMesh From Elements

There are times when the hex meshing fails due to bad geometry or adjacent solids with dif-
ferent edge lengths. The command HexMesh From Elements provides a way to mesh geom-
etry that has become corrupt thus causing the normal hex meshing technique to fail. This
command allows you to individually map mesh the surfaces that make up the solid and then
generate solid hexes from the surface mesh.
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5.4 Midsurface Modeling and Meshing

Midsurfacing isatool designed for usein certain instances. It isnot ageneral purpose design
tool. The Solids used must be thin in relation to overall size, sheet metal parts or plastic
injection molding parts are good examples.

Although, it is only useful for these type of “thin-walled” parts, it is an extremely valuable
modeling tool for these parts. You can produce a much smaller and much more accurate
model by meshing midsurfaces formed from a “thin-walled” part, than solid meshing the
thin-wall. Differences in model sizes can literally be an order of magnitude in some cases,
thereby significantly reducing run time. You even get the added benefit of a more accurate
solution in most cases.

The tools for creating Midsurfaces are contained on the Geometry Midsurface menu. Their
operation is discussed more fully in the FEMAP Commands manual, but a general overview
is provided below.

\Wte:

In addition to creating midsurfaces and meshing them, FEMAP provides another capability
that can be helpful in creating midsurface meshes on constant thickness parts. In this case,
you can simply mesh the outer or inner surfaces of the part, and use the Modify Move By
Offset Element command to move the elements to the midsurface. The use of this command
is described in the FEMAP Commands manual.

5.4.1 Creating Midsurfaces

The ease of midsurface creation depends greatly on the geometry of your model. Thin flat
parts will be nearly completely automatic. Parts with widely varying curvature,small fea-
tures and/or fillets etc. will take longer and require manual work. Become familiar with
FEMAP’s midsurfacing capabilities and attempt to prepare your model ahead of time for
easy midsurface generation.

5.4.1.1 Automatic

O Fully Automatic - the Geometry Midsurface Automatic command simply runs the three
steps of the midsurface sequence. Be careful when running this command because the
delete process may delete surfaces that you need, and they may be hard to recreate.

O Three Step Automatic - Generate midsurfaces, Intersect them and then Cleanup unneces-
sary midsurfaces. The Cleanup command when run manually does not actually delete the
surfaces. It places them on a separate layer so you can review them to be sure you want
to delete all of them. This approach is often better for very complex solids.

With either of these automatic approaches chances are good you will still need to do some
manual cleanup unless the part is a simple thin-walled solid.
5.4.1.2 Manual

Manual midsurface creation and cleanup will involve all facets of Geometry modeling in
FEMAP. You need to be familiar with all curve, surface, and solid modification tools.
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5.4.2

A good general approach for midsurfacing amodel is provided below.
1. Perform the Three Step Automatic Process above.

2. Compare midsurface geometry with the solid geometry

3. Manually trim pieces which are not needed to represent the solid.

4. Manually create midsurfaces it the automatic procedure did not produce them. This may
require modifying the solid and/or its surfaces.

5. Run Geometry Solid Cleanup on the midsurfaces to remove internal slices.(This option
will require you to then reintersect all surfaces so nodes match when you mesh).

6. Carefully check your midsurface geometry.

Preparing for Meshing

5.4.2.1 Mesh Attributes

Automatically assigning mesh attributes will create properties of the correct thickness for
any midsurface that was generated from a section of constant thicknessin your model. The
same material will be used for all of these properties, so if you are using different materials
edit the properties or assign mesh attributes manually. If you have surfaces that vary in thick-
ness you will have to mesh the surface and then use Modify-Update Elements-Adjust Plate.
Refer to the commands manual for more information.

5.4.2.2 Mesh Sizing

5.4.3

Mesh sizing is carried out in the same manner as for any plate mesh. Use approaches on sur-
facesto get mapped meshes. Specify sizes along curves, custom sizes, and use hard points if
necessary. Remember to check that mesh sizes match along coincident curves and surfaces.

Meshing

If you have set up your mesh sizes properly and assigned mesh attributes to all of the sur-
faces, meshing is simple. Select al the surfaces and FEMAP will use their associated
attributes. If you have not assigned mesh attributes you will have to mesh surfaces with dif-
ferent properties separately. Once meshing is complete, merge coincident nodes and check
your model for free edges. If you have done a good job with the geometry creation there
should be no internal free edges, otherwise you will have to fix them. Use the manual mesh-
ing commands or go back to the geometry and perform further manipulations.

5.5 Materials and Properties

5.5.1

Thefollowing section provide an overview of material and property information required for
input in FEMAP. These sections do not provide a comprehensive description of all options
of properties and materials. For more information, please see the FEMAP Command Refer-
ence Manual under the Modeling Chapter.

Materials
FEMAP supports four regular material types and a general tabular data type:
1. Isotropic
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Constant propertiesin all directions.

All properties entered as a single value.
2. Orthotropic (Both 2-D and 3-D)

Material properties are direction dependent

Parameters defined in two (2) planar directions or three (3) principal directions.
3. Anisotropic (Both 2-D and 3-D)

Similar to Orthotropic except more general.

Specify parameters as ageneral 3x3 (2-D) or 6x6 (3-D) elasticity matrix.
4. Hyperelastic

Materials subject to large deformations, such as rubber.

Input distortional and volumetric deformation or stress/strain data.

Limited solver support - many solversdo not support this material type - please
check your solver before using this material type.

5. General

Solver specific types- LS-Dyna, MARC, Abagus. Refer to solver documentation for uses
and variables

User defined types - Accessible only in the FEMAP Neutral file or through the API.

I sotropic, orthotropic, and anisotropic materials can also have nonlinear material properties
associated with them. You set the type of nonlinearity (Linear Elastic, Elastic/Plastic, or
Plastic) and input material data such as yield stress and stress-strain curves.

FEMAP aso has alibrary of material types. Although by no means complete, the material

library shipped with FEMAP does contain common materials with their respective proper-

ties derived from the U.S. Government’'s MIL-HDBK-5. This library is designed to demon-
strate that a material library can be maintained. Many companies prefer to enter their own
material properties and structural allowables than accept ones provided from any outside
source. Any time you create a new material in FEMAP, and wish to save that material to the
library, simply press the Save button in the Material creation dialog box.

\yo'te:

Through the File Preferences Libraries command in FEMAP, you can load a different mate-
rial library than the one that is shipped with FEMAP. This makes it possible for a company
with multiple FEMAP users to post a material library on the network that all users can
access to obtain the “approved” material properties and allowables. This is also true of all
other libraries in FEMAP including the property library.
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5.5.2 Properties

Properties are used to define additional analysisinformation for elements. Most property
datais geometric (thickness, area, etc.) but some typeswill also include inertia, stiffness or
mass, as well as other data depending on the type of element/property. Thereisadirect rela-
tionship between the element type and the property type. All elements, except for certain
speciaized elements like Plot Only or Rigid, must reference a property. Ther efore, when-
ever you want to use a particular element type, you should first create the correspond-
ing property. Similarly, most properties require a reference to a material, so you should
create your materials first, and then create properties.
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Like materials, a property library exists. You can save any properties you create for future
use. Check the FEM AP Reference Manual for complete information on the data for all prop-
erty types. Always check the trand ation reference in this manual to be certain the property
will tranglate correctly into your analysis program.

5.6 Loads and Constraints

It isvery important to accurately simulate the real world loads and constraints that are
applied to your model. FEMAP provides an extensive array of load types, constraints and
methods that make this possible.

5.6.1 Loads

FEMAP provides awide variety of load types and awide variety of methods for placing
these loads on your FEA model. Loads and Constraints are Set based, making it possible to
categorize them into different cases for different analyses. FEMAP provides four main load
categories, with several types of loads under each category, to choose from:

1. Body or Global Loads
a) Acceleration - Trandlationa (i.e. gravity) and Rotational
b) Velocity - Rotational
¢) Thermal - Default Temperature.

2. Nodal Loads

a) Force/Moment

b) Displacement
¢) Velocity
d) Temperature
€) Heat Generation (Heat Energy/Unit Volume)
f) Heat Flux (Heat Energy/Unit Area)
3. Elemental Loads
a) Distributed (Load/L ength Across a Line Element)
b) Pressure
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c) Temperature
d) Heat Generation (Heat Energy/Unit Volume)
€) Heat Flux (Heat Energy/Unit Area)
f) Convection
g) Radiation
4. Geometry Based Loads
a) Points
b) Lines
c) Surfaces
All four load categories can be used for static, nonlinear or dynamic analyses.

Body |oads are applied to the entire body, therefore only one block of body load information
can be specified for each load set. The body |oads are most often used to simulate gravity, or
to define default temperatures for thermal analyses.

Nodal loads can be applied by both the Model Load Nodal command, and the Model Load
Nodal on Face. With Model Load Nodal, you directly select the Nodes for |oad application.
With Model Load Nodal on Face, you select aparticular face of Elements, and Nodes on that
face will be automatically selected by FEMAP. The Model Load Nodal on Face command
also enables you to select the Adjacent Faces method for load application. This method will
be discussed further below.

Elemental loads can be distributed, pressure, temperature, heat generation, heat flux, con-
vection or radiation. The distributed loads allows you to define aload/length value for line
elements, while pressure defines aload/area for faces of planar elements or volumetric ele-
ments. Heat flux, convection, and radiation loads are also applied directly to aface, while
temperature and heat generation loads are applied just to the element itself.

Geometry based |oads can be either nodal or elemental. You apply the loads to geometry
(points, curves, surfaces) and use the geometry to orient the loads. Any nodes or elements
that are associated with the geometry will have the loads applied to them appropriately upon
export for analysis. You may check how your geometry based loads actually apply to exist-
ing nodes and elements using the Model Load Expand command.

Nodal, elemental and geometry based |oads can be time, temperature, or frequency depen-
dent. You must first create the function with Model - Function, and choose the appropriate
types (vs. Time, vs. Temperature, or vs. Frequency). You simply need to define the magni-
tude variation as a function of one of these types, and then reference this function when
applying the loads. There will be more on functions, nonlinear and transient analyseslater in
this manual.

When creating nodal |oads on faces or elemental loads, you must supply the face of the ele-
ment(s). There are four methods available to you in FEMAP:

1. FacelD
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2. Near a Surface
3. Near aPlane
4. Adjacent Faces - the most powerful method for solid or planar elements.

The Adjacent Faces method is the most often used method. Here you choose just one face,
easily done graphically, and then specify atolerance angle. FEM AP will search all the
selected elements for faces that are connected to the face you chose and that are within the
specified tolerance from being coplanar with an already selected face. This can be used to
easily find all faces on an outer surface of a solid, regardless of the surface shape, or other
similar operations.
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Geometry based loads can be oriented in a number of ways depending upon the load and
geometry type. Some typical methods are normal to surface, components, along curve, etc.
The different methods will be available in the Create L oad dialog box depending on what is
chosen. These methods are also available for orienting Nodal Loads.

There are also other methods of load creation including Model Loads From Output. Thisis
especially valuable when results such as forces and temperatures are returned to the model.
You may convert them to the appropriate load type for further analysis. Nonlinear forces can
also be defined which creates forces based upon results from values at other nodes.

The other major command under Model Load are Heat Transfer Analysis, Dynamic Analy-
sis, and Nonlinear Analysis. These commands control options for heat transfer (steady state
and transient), dynamic (transient, frequency response, and random response) and nonlinear
(static and transient) analysis types, respectively. When performing any of these analyses,
you must first define the appropriate conditions for your load set with these commands. It is
also important to note which options are supported by your solver, since FEM AP does not
support al these options for the different analysistypes. These |oad type are more fully
explained in the Command Reference.

5.6.2 Constraints

Like loads, constraints must be created in sets. You can create nodal constraints, geometry
based constraints or constraint equations. You can use either the Model Constraint Nodal
command or the Model Constraint Nodal on Face command to apply constraints to prevent
nodes from moving in any of six degrees of freedom (DOF), X, Y, & Z trandation, and rota-
tions about the X, Y, & Z axes. The only difference between the two commands is that for
Model Constraint Nodal, you select the nodes directly, and for Model Constraint Nodal on
Face, you select the elements and their faces and FEMAP automatically determines the
nodes.

With either of the nodal constraint commands, you may also constrain the DOF in any coor-
dinate system. This enables you to more easily simulate real world conditions, as well as
take advantage of symmetry in your model. It would be an extremely difficult modeling task
if you had to build all models such that they are constrained only in a global coordinate sys-
tem.

Geometry based constraints allow you to select points, curves or surfaces to constrain before
or after nodes are on them. Geometry based constraints have three options, fixed, pinned or
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no rotations. This command does not alow you as much flexibility asthe Nodal Constraint
command but is more efficient for large or complex areas with simple boundary conditions.

Constraint Equations, unlike constraints, do not fix the DOF to a zero value, but they relate
the motion or displacement of different degrees of freedom. You can specify as few as 2
degrees of freedom or up to atotal of 70.

Both load sets and constraint sets may be duplicated (Model Load/Constraint Copy) or com-
bined with other sets (Model Load/Constraint Combine).
5.7 Functions

Functions allow you to create general X vs. Y tables of information. They are usually used
for time or frequency dependent loads or to attach nonlinear information to material proper-
ties. Functions are very specialized in their application in FEMARP. If you are planning on
doing any nonlinear or transient analyses, you should review this section. If instead you are
planning to concentrate on static, modal, or buckling analyses, you may want to skip this
section.

There are thirteen types of functions available. They are listed below with the type of analy-
sis or application for which they are most often used.

1. Dimensionless

2. vs. Time - time dependent loads for transient analysis

. vs. Temperature - temperature dependent material properties

. vs. Frequency - frequency dependent loads for frequency response analysis.
. VS. Stress - stress dependent curves for nonlinear material properties

o 01 b~ W

. Function vs. Temperature - multiple stress/strain curves as a function of strain rate for
nonlinear material properties

7. Viscous Damping vs. Frequency - damping for transient/frequency response analysis
8. Critical Damping vs. Frequency - damping for transient/frequency response analysis

9. Amplification vs. Frequency - damping for transient/frequency response analysis

10. vs. Strain Rate - yield stress as function of strain rate for nonlinear material properties

11. Function vs. Strain Rate - multiple stress/strain curves as a function of strain rate for
nonlinear material properties

12. vs. Curve Length - define load magnitude as a function of curve length.
13. vs. Parametric Length - define load magnitude as a function of parametric length.
14. Stressvs. Strain - stress/strain curve for nonlinear material properties

15. Stressvs. Plastic Strain - stress/strain curve for nonlinear material properties for export
to those analysis codes that require input in plastic strain.

16. Function vs. Value - multiple curves associated with a given quantity
17. Function vs. Critical Damping - tables obtained for/from Response Spectrum analysis
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It isimportant to identify the proper type for the function you are defining, otherwise it will
not be properly used when you attempt to analyze your model.

There are three ways to create data for afunction in FEMAP. You can choose single value to
enter the X and Y values one at atime. You can use alinear ramp where you pick a starting
X andY vaue, an ending X and Y value and a delta X. The data points will then be inter-
preted linearly from the start to end for each delta X. The last is an equation.

For an equation, you simply enter the starting and ending values of X and the delta X. Then
enter Y asafunction of X using the Ix variable, e.g. sin(!x). These type of equations can be
created easily with the Equation Editor. Press Control-E in atext box to activate the Equa
tion Editor. Refer to the User Interface Chapter of this manual for more information on the
Equation Editor.

-
I
m
1
m
p
v
%
o
(2}
m
]
7]

You can also use the Get and Put commands to transfer data from and to other Windows pro-
grams such as MS Excel. In addition to loading conditions, functions can also be used to
define material properties. You must create the functions first. Then, in the material creation
dialog box, press the Functions >> button and place the functions in the correct property.

Again, Functions are highly specialized for properly pre-processing for nonlinear or tran-
sient analyses.

5.8 Groups, Layers and Viewing Your Model

In addition to the numerous Pre- and Post-Processing options provided by FEMAP to make
the generation and interpretation of FEA easier, FEMAP also provides awide array of view-
ing options that play akey rolein increasing your FEA productivity.

The options and methods for controlling how your model is displayed on screen can be
divided into two broad categories:

View Select and View Options:

View Select controls the top level display options. With View - Select you can control
whether your model is displayed in hidden line or plain wireframe mode, turn on and off
stress contours, animations and deformed plots, etc. View - Options provides the detailed
control over how entities are displayed, i.e. what color el ements are drawn with, whether or
not |abels for nodes are displayed, whether or not perspective isturned on, etc. View -
Options also provides extensive control over the display of post-processing optionsthat is
more fully described later in this chapter.

Groups and Layers:

By using groups and layers, you can segment your model into smaller, more manageable,
discrete pieces. These pieces can then be used to minimize the amount of information pre-
sented in the graphics windows or in printed reports by specifying which group will be seen
or which group will be used to create a report. Groups and layers also make it easier to
manipulate, update, and apply loads to your model.
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5.8.1 Working with View Select and View Options

5.8.1.1 View Select
View Select providestop level control of how your model is displayed.

Yiew Select
Wiew 1 Default 25 Wisw
o0t Style — Maodel St_l,lle—| — Deformed Style r— Contour St}lle—|
' Diraw Model * None - Model Only ' None - Model Only
Ry vz D
' Features € Dieform " Contour
%Y v St . ) . . _
= Quick Hidden Line € Animate " Criteria
307 v Set Value ) . : : .
- = Full Hidden Line ' Animate-MultiSet " Beam Diagram
™37 vz Position
™ Free Edge = Weckar " lsoSurface
_ € Free Face € Trace " Section Cut
<l Function | : _
I™ | SkipVefarmation = Wector
. |
wr Data... Model Data... | Deformed and Contour Data... |

Cancel

We will concentrate on the Model Style and Model Data optionsin this section. The XY
Style, Deformed Style, and Contour Style options will be discussed in the next section on
Post-Processing.

FEMAP provides numerous stylesin which you can display your model. Each style provides
certain benefits. Choice of the best style depends upon what you need to accomplish. The
following table describes all of the styles, their advantages and disadvantages:

Syle Description Advantages Disadvantages
Draw |Simply displaysall Fast. Everything visible. Complex 3D models can be
Model | entities. Usually best “working hard to visualize. Entities
mode”. Good for screen |drawn on top of each other
selection. may make it difficult to
locate a particular detail.
Fea- |Draws all entities. |Fast. Results in a plot Not usually appropriate fa
tures |Lines of the same |which only shows color |screen selection. Resultin
color, which overlap,| boundaries. With proper | display depends on your
alternately draw and| color assignments can shoaolor choices.
erase themselves. |property or material bound-
aries.
Quick |Sorts all elements, |Good for final display and Not usually best for pickin
Hidden | then displays from thevisualization of complex |- many entities are not visi
Line back of view. Only | 3D models. Can be helpfuble. Does not properly
shows entities which for screen selection in conremove hidden lines for
are visible - hidden | plicated models. some elements (see Full
lines are removed. Hidden Line).
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Syle Description Advantages Disadvantages
Full Same as Quick Hid- | Same as Quick Hidden Same as Quick Hidden
Hidden | den Line, but does Line. Line. Slower than Quick
Line |additional checkingto hidden line due to the addi-
properly remove all tional checking required.
hidden lines.
Free Finds and displays all | Can quickly point out holes | Not appropriate as awork-
Edge |element edgeswhich |or disconnectionsinyour |ing mode. Really just
do not join to another | model. intended for checking your
element. model.
Free Finds and displays all | Can quickly point out dis- | Usually not used for a
Face |element faceswhich |connections between solid |working mode. Intended
do not join to another | elements. Reduces com- for checking model.
element. plexity of solid model
plots. Can help to find
duplicate plate elements.
Render | High speed graphics | Increased drawing speed | Some limitations in plots
Mode | mode utilizing the for al plots. Dynamic rota-
OpenGL graphicslan- | tions of solid shaded mod-
guage els and elements.

The pictures below show examples of the various model styles.
Hidden Line

Draw Model

Free Edge

Although the hidden line removal options do require substantial calculations, and are there-
fore somewhat slower, they can often be the best approach to understanding a complex
model. Thisis especialy true for 3D models. After you make the first hidden line display,

FEMAP retains a display list of the sorted information. This dramatically speeds up redraw-

ing hidden line views. Refer to the View Redraw and View Regenerate commandsin the
Command Reference Manual for more information.
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then go to the Free Edge and Face option and set the Free Edge Color to “Use View Color”.

For Solid Element Models, you can also use the Free Face option

to simulate a hidden line view. In fact, you can even use this

mode to show hidden linesin adifferent line style (like dashed),
instead of removing them. To remove backfaces, use the Fill,
Backfaces and Hidden Option, in the View Options command,

and chose one of the “Skip” methods. Choose the “Show All
Faces” method to show hidden lines as a different color/style,

Finally, choose the color and linestyle that you want to use.

Render Mode

Render Mode is generally the same as in the regular view mode with the following additions
and exceptions

Additions

1
2

3

Can take advantage of OpenGL hardware acceleration

Dynamic pan, zoom and rotate will work with curves, surfaces, nodes and elements,
in hidden line, shaded, and contoured view styles.

Solids and surfaces can be drawn transparent so curves may be seen behind them.

Exceptions

ga b~ WODN

Free Face plots are not drawn

Labels are not drawn for entities

Perspective and Stereo plots are not supported
Boundaries are drawn as curves only

Deformed Vector and Trace Plots are not available

Selecting Data for a Model Style

You can control what portions
of your model are displayed by = _

Wiew 1 Untitled
any of the model styles by ~ Load Set
pressing the Model Data com- | | & € Nore € Select | =]
mand button in the View Select
Dialog Box. The Select Mode| || Fensiant/DOF st
Data for View dialog box will Qisie @ s e | -
then be displayed. — B
Here you can choose the Load | < #etive & Nene C Select | =
Set, Constraint Set and Group | pstion
which will be displayed in the ; Select | =
view. By default, whatever load
and constraint set you activate oK | Cancel

will be displayed. You can how-

ever eliminate loads and/or
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congtraints by choosing the None options, or you can Select a particular set for display
whether or not it is active. If you choose the Select option, you must specify an existing set
in the appropriate drop-down list.

By default, your entire model will always be displayed. Since the Group option is set to
None, activating a Group will not change the display. This enables you to activate a Group
and then graphically select entities from your entire model into the Group. If you want to
display only a portion of your model, switch this option to either Active or Select. Then only
the entities which are in the appropriate Group will be displayed.

Thefinal section of this dialog box, Function, is used to select the function that will be dis-
played when you choose the XY of Function display style. Even though thisis obviously an
XY style of plot, you must choose the function to be displayed from this dialog becauseit is
adisplay of model information, not postprocessing information like all other XY plotting
styles.

5.8.1.2 View Options

The View Options command in FEMAP provides detailed control of the display of all enti-
tiesin the FEM AP graphics window(s). Each view in FEMAP isindependent, and the View
Select and View Options changes will affect only that view, unless you select the All Views
option. The quickest method to assess how View Options can help you tailor the display of a
finite element model isto experiment with the various settings.
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Asyou can see from the View - Options Dialog Box thereis
an enormous amount of control over how your model isdis- Vi1 Defaul 7 isn

- Category

played. Describing how each option affects the display of B e BB | i E

Label Mode

your model is beyond the scope of this manual. Detailed (o IR F‘F_
2..Definition CSys
3.Mesh Size

" PostProcessing

descriptions of each option can be found in the FEMAP T
Command Reference, and in the on-line help. Lobel Poometes S
5.8.2 Groups and Layers Overview e
Boundary _
Some main pointsabout groups and layersthat will helpyou  fres™ == e
understand them better: Hord - Peim Constrint

Element
Element - Directions
Element - Offsets/Releases

O Each entity in FEM AP can have only one layer refer- Elemert - OisntiondShaps

Element - Beam ‘v-Axis

ence. Load - Force =l D
. . Quick Options .. Ciil+0 oK Cancel
An entity can be in more than one group. pors. 00| | |

Only one group can be displayed, by itself at one time.
Any combination of layers from noneto all can be displayed at any time.

A model can have only one “active” group at a time.

© 00 O0O0

FEMAP graphics windows can use the entities in a group to display one of the following:
- Entities from the active group.
- Entities from a specified group.
- All Entities, i.e. no group.
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Groups are designed to mimic how FEA models were numbered and arranged when there
were built by hand. For example, in the aircraft industry, amodel of a complete aircraft
would be very carefully numbered. All the nodes and elements at aframe at a particular
location along the fuselage would be numbered in such away to clearly identify them as
belonging to that frame. FEM AP grouping makesit very easy to isolate portions of afinite
element model that are numbered in such a manner.

Layers are designed similar to layering in most CAD systems. The name layer comes from

the clear sheet of paper analogy for CAD layering, where all the entities associated with a

given layer would be drawn on a clear sheet of paper, and only the “active” clear sheets
would be overlaid to produce a visual image.

Automatic Generation of Groups

Once you become proficient in FEMAP, you will probably find yourself creating groups as
you build a finite element model to keep important areas of the model together for use down-
stream. If you do not do this, or if you import an existing model, FEMAP has several tools
for automatically grouping together portions of your model based on changes in material
properties, element properties or even geometric regions.

Combining Grouping, Layers and View Options

5.8.3

Between Grouping, Layers, and the wide array of View Options, there is a tremendous
amount of control over how your model will be displayed on screen. However, with all these
different methods of control you can have problems. These three methods of view controls
are not exclusive. They each affect one another.

For example, say you create a hew group, add all elements of property 1, and all the nodes
associated with these elements, and then use View Select Model Data command to display
just that group. You would expect to see the exact entities that you just put in the group. The
problem arises out of the fact the layering and the options picked in View Options also come
into play. If all the nodes that were added into this group were on a layer that is not currently
being displayed, they will still not be displayed. Similarly, if the nodes have been turned off
in View Options, they will not be displayed.

If you ever get into the situation where you think something should be visible on the display
and it is not, first check View Options and verify that it is on. Next, check View Layer and
verify that the layer associated with the missing entities is being displayed. Finally, make
certain that if a group is being used for the view, that the missing entities are actually in the
group. Once you become more familiar with FEMAP and the various options which control
the model display, the benefits of the multiple view options methods will become apparent.

Printing

As a Windows application, FEMAP provides What You See is What You Get printing. By
default, graphics sent to any printer are vector images, the actual lines, curves and polygons
that comprise the graphical representation of your model on screen. As a vector image, the
printer driver will break the components down into the colored (or gray scale) dots that form
that actual print out. In this manner, FEMAP takes full advantage of the resolution of the
output device. Traditional DOS-based FEA (and some Windows ones too), simply dump the
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bitmap of the screen to the printer. By doing so you are limited to the resolution of the
screen, and not that of the printer.

To print any graphics window, select FILE - PRINT from the FEMAP menu. If you have
more than one graphics windows displayed, you will need to make the window that you
want to print from the active graphics window. To do so, simply click the mouse in the win-

dow.

File Print will display the PRINT

dialog box that provides control over ade{ || )
how your FEMAP graphics will be ‘Fm‘ I

pri nted —W'h-at to Print — Page Preview

You can quickly add a Header and 9 delalzy P |
Footer to describe the plot being e . § § Piner setp » |
made in more detail and adjust sev- (ol

eral aspectsof the print including the £ Messages -

Page Setup and Printer Setup. ~Fiesolution ; :
Printer Setup is most useful for € Sereen

changing the orientation of the plot @ PintrPlater =l
between landscape and portrait and

for controlling aspects particular to

your printer.

Page setup makes it possi- Page Setup [X]
ble to control aspects more ~ Page Header and Footer

closely related to FEA. The Header |

most important being in the Footer |

Plot and Metéfile Style. 5 Default Fised Fitch Font € Other Fant [Cauier = renesre 12000 =
Here’ you fl nd the SNap — Other Printed Text

Black and White very use- ' Default Fised Fitch Font € Other Font [Couier =i romesree 120 F

ful if you work in the
FEMAP default black back-
ground with white elements.
Without Swap Black and
White any prints made
would be What You See Is
What You Get including the

— Page Marginz

Left ID.?S Right ID.?E

Top |1. B ottom |1.

— Plot and Metafile Style
™ Draw Border
¥ Swap Black and White

— Plat Position and Size
W Maintain ‘Window Aspect Fatio
[ Integer Scaling

& Fill Printer Marging

" Custorn Size  Height I‘I.
ety I‘I.

HaR

Reset

Permanent

- " Monach e e
black background. With e o o
) V¥ Tiansparent Backaround & T/B Center (% L/ Center Cancel
Swap Black and White, all € Botom € Right

black entities are switched
to white and vice-versa,

saving you both toner and making the plot easier to see.

Pen ‘width Factor

—

-
I
m
1
m
p
v
%
o
(2}
m
]
7]




5'32 The FEA Process

5.9 Postprocessing

5.9.1

Thefirst step in postprocessing isto obtain the results. If your analysis program does not
launch from FEM AP and automatically return the results, you must import them. Use File
Import Analysis Results and select the proper format. Select the resultsfile for your model
from the standard file selection box using the default file extension for your analysis pro-
gram.

Similar to Loads and Constraints, output datais also stored in sets. If you run your model
with several different loading conditions or through several different analysistypes, FEMAP
will keep the output data from each analysis, each mode shape, or each time step in a differ-
ent output set. Postprocessing can be divided into two main categories, graphical and report.
Graphical postprocessing can be further divided into:

1. Deformation Plots

2. Contour/Criteria Plots
3. Free Body Plots

4. XY Plots

Deformation and Contour/Criteria plots can be combined in the same view. All model style
options (such as Hidden Line) are available for deformed and contour styles. Free Body
Plots can be shown in any view with either a Deformed and/or Contour Plot on or off.

Report based post-processing is fairly straight forward, providing text output of results data
in avariety of formats, printing options, and sorting options.

Deformed and Contour Plots

: Thefirst stepin
View Select postprocessing isto
View 1 Default 3 View .

e Style — Model St_l,lle—| — Deformed Style — Contour Style defl ne the type Of
% velD & Draw Model & Mone - Model Only % MNone - Model Only pl ot deg red: and the
- % va5el ® Gezes " Defom « Contour datato be used in
A XszSe; Value :: Ej:c:-:iddel_r? Line :: in?mateM ” :: grjtenaD. the d|sp| ay. The
s Position ull Hidden Line rimnate-kulkis et Eeam Diagram main Control fOI’

" Free Edge © Yector  lsoSurface .
I " Fres Face © Trace " Section Cut hOW your mOdeI IS
S I Render l 1= | S 0 efrmation " Vector dISplayed includ-
| || ing what postpro-
Wy Data.. | Model D ata... | | Dieformed and Contour Dats q cessi ng Optl onsare
0K | Cancel | being used isthe
View Select menu
option.

From View Select you can invoke five different types of deformed style plots:
1. Deformed - Show aplot of the deformed shape.
2. Animate - Animate the deformed shape.

3. Animate Multi-Set - Perform animation across several sets. Good for transient, nonlinear
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and frequency response analyses.
4. Vector - Show vectors representing direction and magnitude of output.

5. Trace - Similar to Multi-Set Animation except displays trace lines connecting historical
positions of nodes.

For Multi-Set Animation and Trace plots, you may also decide to only animate the contours
by selecting the Skip Deformations plot. This can be extremely useful for heat transfer and
similar types of analyses.

From View Select you can invoke six general contour style options:
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1. Contour - Provides smooth representation of data.

2. Criteria- Elemental values displayed at centroid of element.

3. Beam Diagram - Similar to 3-D shear and bending moment diagrams. Display results
along the length of Line Elements.

4. |soSurface - Provides interior surfaces of constant values in solid models.
5. Section Cut - Shows contours through any planar cut of a solid model.
6. Vector - Vectors at centroids of elements.

Post-Processing in Render Mode

Postprocessing in Render Mode is generally the same asin the regular view mode with the
following additions and exceptions

Additions.

1 | View - Advanced Post - | Worksin undeformed or deformed contour plot mode only,
Dynamic Cutting Plane | and only with solid elements. Allows you to choose an
arbitrary cutting plane and dynamically passit through a
solid model. The value associated with the plane isthe dis-
tance from the global origin to the plane along the normal
vector of the plane. Colorsindicate the value associated
with the corresponding color on the contour legend.

2 | View - Advanced Post -| Worksin undeformed or deformed contour plot mode only,
Dynamic IsoSurface | and only with solid elements. Allows you to dynamically
change the value of the isosurface being shown. The value
is from the current output set and vector chosen as the con-
tour vector. The color of the IsoSurface is controlled in the
view options postprocessing category. |If Contour
Deformed is chosen, the vector for the deformed dataiis
contoured across the isosurface. Otherwiseit isasingle
color chosen from the palette.
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3 | Dynamic Rotation of | Render mode allows dynamic rotation of deformed and/or
Deformed/Contour contour plots. Normal mode must switch to awireframe
Pots with no contours and no deformation to dynamically rotate

4 | Dynamic Rotation of | If the Rotate Animation option under File Preferences,
Animations Views is on, Render mode can dynamically rotate an ani-
mation, although a Contour Legend will not be visible.

Exceptions
1 | Quick Hidden Line or Full Hidden Line must be used as the view mode
2 | Vector plots are not drawn
3 | Trace plots are not drawn
4 | Criteriaplots are drawn in the no limits mode only
5 | The user defined contour palette is not used. Contour/Criteria colors ranges may be

changed by changing the standard palette’s six defining colors.

Selecting the Data to use for Post-Processing

Control over what dataiis used in deformed or contour plotsis provided by the Select Post-
Processing Data dialog box. This dialog box is accessed through the View Select command
or the Quick Access Menu (right mouse) menu as Post Data. It allows you to control the out-
put set and output vectors shown with the deformed and contour plots.

To choose what

dataisused in the Select PostProcesszing Data
display, simply View 1 Defaul ¥ View | |
Cho()% A ) the out — Data Selection Sechot St W Etet:
put set B) the data Categany ID"An}I Dutput j L [Define Sector.. |
vector ’tO Use for Type |U..Value or Magnitude j €71 Contaun Sestions
deformation. and [T Data at Comers flbimies I Spacit I
— Output Set
C) the data vector SR Program Analyzis Tupe SetValue

MIC/MHASTRAN Static: 0.

to use for contour- E>

ing. You can limit

— Output Wech
the Category and Duefpol:ma:z:[s Type 1n] Yalue
type of output you = -
yp . th dp y B I‘I..Total Translation j Node m;?:uu: 215 0'00408?821
(;we n | e r0ph h Contour :
own lists with the I?D33..Plate Top YorMises Stress j Elernent Mfa:n.umum 13 136466
data selection area. Miririurn g 2897767
If yOU are an| mat' i fitaal [otmtSet Trace Locations. .. | Contour Options. .. |
ing amulti-set you I j Contour Vectars. .. oK I
can Choosethefi na' [ tput S et Aerenment |1 |
Freebody Display... | Cancel |
output set and the

output set incre-
ment to animate as well. Section cuts are defined with the standard plane definition dialog
box and are accessed here by pressing the Define Section button.
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Contour Options
The contour options dialog box

a”OWS access to the type Of Select Contour Options _|
. Yiew 1 Drfault 3 Wisw I

contour and data conversion to _ B m

perform When yOU %I ect thl s — Contour Type Data Conversion — Elemental Contour Discontinuities —— -
. ) " Nodal i+ Average ™ Mo dveraging m

opti on, TheSeIect Contour & Eona © Maxvalue r Biopety T Lager :

Options dialog box appears. " Min Value I Matwisl | Color =

These options are very impor- WV lse Camer D ¥ Angle Between [20. §

tant to Underaand S nce they — Other O ption — Rendered Contours g

ContrOI the type Of contour and ™ Double-Sided Planar Contours & Continuous

how the data is converted from Additional Element Data " Level Colors

pure discrete numbers toa | 2| T | conce

visud representatlon. Improper

selection of Contour Type or
Data Conversion can lead to erroneous interpretation of the results.

Thisdialog box is separated into five major sections: (1) Contour Type, (2) Data Conversion,
(3) Rendered Contours, (4) Element Contour Discontinuities, and (5) Other Options. Each of
these areas are discussed more fully below. All of these options can also be accessed through
the View Options command (Category - Postprocessing, Option - Contour Type).

Contour Type

This section allows you to pick from either Nodal or Elemental contouring. Nodal contour-
ing simply averages all values at the nodes and cannot account for any discontinuitiesin
material or geometry. When Nodal is selected, arelatively smooth contour will appear,
although the results will not be accurate at material boundaries or property breaks. In addi-
tion, the Other Options section will not be available. Nodal contouring should not be used
across material boundaries or changes in properties such as plate thickness since averaging
stresses across these areas results in inaccurate results at the interface.

If Elemental contouring is chosen, the user can specify which discontinuities in the model to

use in the contouring to obtain an accurate representation of the results. Thistype of contour-

ing isvery useful for multiple material models as well as models with plates with that inter-

sect at large angles or have varying thickness. Stresses will not be averaged across these

values. The resulting graphics may not be as “smooth” as nodal contouring, especially at
material breaks, but it provides a more accurate representation of the results when disconti-
nuities exist in the model. In addition, element contouring allows you to view both top and
bottom stresses of plates on one plot, as well as an additional output vector (see Other
Options below).

te:

Element contouring has the additional feature that if you select No Averaging under Element
Contour Discontinuities (discussed more fully below), the pure data at the element centroid
and corners is plotted without any manipulation. This provides a graphical representation of
the pure data.
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Data Conversion

This section controls how FEMAP converts the results from pure data at element centroids,
corners, and nodes to the actual continuous graphical representation. There are three options
to convert the data: (1) Average, (2) Max Value, and (3) Min Value. If Averageison,
FEMAP will take an average of the surrounding values to obtain a result, whereas Max or
Min Vauewill just use the max or min value, respectively, of the pertinent surrounding loca-
tions. The Min Value option should only be used when performing contours for vectors
where the minimum values are actually the worst case, such as Safety Factor or large com-
pressive stresses. The user can also choose to use any elemental corner data (if it has been
recovered from the analysis program) or to skip it for any of these methods.

The easiest way to understand the data conversion process is through an example. If an inte-
rior node of a continuous mesh (no geometric or material breaks and averagingison) is
attached to four elements, there will be four values associated with it for a given stress vector
(either corner dataor if Use Corner Datais off elemental centroidal data). If these values are
100, 200, 300 and 400, an Average conversion would result in 250 at that node, aMax con-
version with 400, and a Min conversion of 100. This procedure would be used at all nodal
locations to get the basis of the plot, and then FEMAP would produce the corresponding col-
ors between locations. Thus, the data conversion can significantly affect theresultsif thereis
alarge gradient across adjacent elements.

N\ Hint:
You can use the difference in Max, Min and Average results to make a quick estimate of the
fidelity of the model. If thereis alarge difference between these two contours, especially at
locations that do not have sharp corners or breaks in the model, your FEA model may
require afiner mesh.

Rendered Contours

This section allows you to choose between Continuous Colors and Color Levels for Render
Mode. Versions prior to v6.0 required continuous colors due to limitations in render mode.
FEMAP v6.0 and beyond now provide support for Color Levels by producing a texture map,
but this can be significantly slower than the Continuous Colors depending upon your graph-
ics card.

The speed of the Color Levels option depends upon the ability of the graphics board to pro-
duce texture maps. If your graphics board supports acceleration of texture maps, this option
will not be much slower than the Continuous Colors option. If the graphics board does not
accelerate texture maps, this option could be significantly slower.
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Elemental Contour Discontinuities

This section controls averaging for elemental contouring. It is
only available when Contour Type is Elemental. If No Average
is selected, contours for each element will be created without

~Elemental Contour Dizcontinuities

. . . i 3 ™ Layer
consideration to any connected elements. This can lead to a - Mo T Color
very discontinuous plot but is useful for certain models such as ¥ | AngeBetween [0

variable thickness plate models to speed the data conversion

process. It is also useful to obtain a graphical representation of

the pure data, both centroidal and corner data, since only pure datais plotted. If thisoption is
not checked, the user can create averaged elemental contours, and must therefore choose the
type of discontinuities across which they do not want to average.

Valid discontinuitiesinclude Property, Material, Layer, Color, or Angle. If Angleis selected,
the user must input a tolerance. This can be very important with plate models that have inter-
secting edges. For example, you do not want to average stresses of plates that intersect at
right angles.

If Property is selected, the material option will be grayed since Property is a more discrete
choice than Material (aMaterial can be on Multiple Properties but typically a Property can
only reference 1 Material). Again, you do not typically want to average across material or
property boundaries. If Property is off, the user can select to use Materials as the break.

In addition, Layers and Colors are also avail able since many users separate their model into
specific key areas based upon layer or color, even if they contain the same property.

Other Options

This section isalso only available for Elemental Contours. If you select a standard Top or
Bottom Plate Vector for contouring, such as Plate Top Von Mises Stress, FEMAP can auto-
matically contour both Top and Bottom Stresses on the same plot. Simply select the Double-
Side Planar Contours option. When you rotate the model from top to bottom, you will see
the stresses change from Top to Bottom stresses. These are only available for the standard
plate output vectors.

You may also select an Additional Output Vector to contour. Thisisvery useful if you havea
combined Plate and Solid Model. You could select Plate Top Von Mises Stress for the origi-
nal Contour Vector, select Double-Sided to also view the Bottom Von Mises Stress, and then
select Solid Von Mises Stress for the Additional Output Vector to see these values contoured
on the solids.
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Specifying Detailed Post-Processing Display Options

Yiew Options

Yiew 1
— Category
€ Lahels, Entitiez and Colar
" Tools and Wiew Style

+ PostProcessing

Default 5 View

Options

Post Titles
Deformed Style
YWector Stple
Animated Style
Deformed Model

| v

Undeformed Model
Trace Stule

Contour/Criteria Style
Contour/Criteria Levels
Contour/Criteria Legend
Criteria Limitz/B eam Diagrams
Criteria - Elements that Pass
Criteria - Elemerts that Fail
lzo5urface

Contour Wector Style

[ |

Quick Options... Crl+Q |

X' Titles

Double-Sided r
Contaur Type

’1 ..Elemnental Contour

Rendered Contours

|1 ..Level Colors

Contour Options... |

Apply |
oK I

Cancel I

Post Titles ‘\

Options for controlling the detailed aspects of
post-processing can be found in the FEMAP
View Options command. Each graphics win-
dow can have its view options modified inde-
pendent of other views. The number and depth
of the various view optionsis such that afull
discussion of each is hot possible in this man-
ual. Pleaserefer to the FEMAP Command Ref-
erence Manual (Postprocessing Chapter) for a
detailed description of what each option does,
and how to useit.

Post Titles

Controls whether an additional legend is dis-
played for deformed or contour views. This
legend contains information about the output
set and output vectors which are displayed.
You can position the legend in any of the eight
locations. Make certain it does not overlap the
View Legend or the Contour/Criteria Legend.

Output Set: NASTRAN Case 1

[Contour: Plate Top Mean Stress

Deformed(4.251E-3): Total Translation

6028.
5173.
4317.
3461.
2606.
1750.
894.5
38.85
-816.8
-1672.
. -2528.
-3384.
-4239.
-5095.
-5951.
-6806.
-7662.

Deformed Style View Options
The following options control the Deformed Plot.

o
o

© 0 0O

Deformed Style - determines on-screen scale of deformations.

Vector Style - controls % of vectors displayed and arrowheads for Deformed Vector Plots
aswell as color for both Deformed Vectors and FreeBody displays.

Animate Style - number of frames, delay, and shape of the animation (Sine, Linear, etc.)

Deformed Model - controls colors for Deformed Style display.

Undeformed Model - can display or remove Undeformed Model, as well as set its color.

Trace Style - controls labeling and display of Trace Plots.
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Contour Style View Options

O Contour Options - controls type of contour and render mode levels option (see Contour
Options section above for more details).

QO Contour/Criteria Style - allows choice of solid/filled or line contours, controls data con-
version between Nodal and Elemental Data, and controls |abeling options.

QO Contour/CriteriaLevels - controls number and spacing of levelsfor a Contour or Criteria
Plot. User may define own levels (and colors), or have FEMAP automatically scale the
plot.
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O Contour/Criteria Legend - controls style, color, and visibility of the contour legend.

QO CriteriaLimits/Beam Diagrams - selects criteria for Criteria Plots and controls direction
of Beam Diagram plots.

QO Criteria-Elements that Pass - controls display of elements and their values that pass Cri-
teria

QO Criteria-Elements that Fail - controls display of elementsthat fail Criteria.
O IsoSurface - controls color and mode for Isosurface plots.

O Contour Vector Style - allows you to choose where vectors are |ocated, whether their
lengths are adjusted, and the color of the vectors for the Contour Vector

5.9.2 FreeBody Plots

FreeBody information for an entire body or a specific group of elements can be displayed in
FEMARP. The Freebody display can be performed at any time, whether you are showing a
Deformed and Contour plot, or asimple undeformed plot. The one exception to thisis that
you must be in a hidden line mode when in Render to view these vectors. You can access
FreeBody Display either through the Post Options button on the Postprocessing Command
toolbar, or through View Select, Deformed and Contour Data, Freebody Display.

te:

The External and Internal Element Loads will only be available if you have recovered Grid
Point Force Balance from NASTRAN. If you are not using NASTRAN, or have not recov-
ered the Grid Point Force Balance, you will only have access to the Applied and Reaction

Loads (including MultiPoint), thereby limiting the overall usefulness of FreeBody displays.
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The View FreeBody
View FreeBody Options Onti .
ions dialog box
Wiew 1 Drefault Y Wiew . pSh h g
—Freebody Style—————————— — Freebody Group IS Snown nere. Spe'

W Show Freehody Display " Active @ Mone © Select lﬁ Cl-f|C details of this
¥ #pplied Loads dialog box are con-

V' Reaction Loads r - tained in the Post-

¥ MuliPoint Beaction Loads ¥ ShowForees W .Show Moments ¥ Erttity Colars proceg ng SeCtl on Of
¥ Show Load Summation

:z :E:ternTIElEllemer:tLLozds [~ Show Freebody on All Intemal Nodes the FEMAP Com-
nternal Element Loads
[ Scale Vectors by Magnitude mandS GUI de. and
M sl S e Display Lenth - Min [25. M [100 will not be reiter-
M

s | ¥ Minimum Yector Magnitude I'I.E-E ated hﬁre’ hO.V(\j/e\/ef,

~ Freebody Total Load I Display Vestor Components Py By Bz we will provi : ea
™ Show Load on Interface i G S IW general 9VerV|aN Of
Coler[o8 | R using this command.
[Lazatiar.. | oK | Cancel | The most typl cal use

of thiscommand is
to examine the
forces across a specific interface in your model to check the load transfer path, examine the
results and their validity, and possibly even create |oads to drive another analysis. To do this,
simply create a group of the elements on one side of the interface. After thisgroup is created,
access the above dialog box through the Freebody Display button, set the Show Freebody
Display On, and change the Freebody Group to either Select the group or to the Active group
(if the desired group is currently active).

The picture shown hereis
141.42 asimple example of aFree
F.2652 / Body diagram. The eight

= ™, elementsin the two col-
Q@ ‘ Q umns on the right of the
Q diagram were grouped,
5 /«1 4142 and the Freebody dis-
Q played. The result was a
X % }?53 diagram containing the
,gm%m external plate forces at the

interface, and the original
applied loads on the ends (there were no constraints on this section of the mode!).

By using some of the other viewing options for the FreeBody, you could check that the total

loads summed to zero (Total Summed L oads option) to verify that equilibrium conditions

were met and "leaking” of loads did not occur. You could also examine results as compo-
nents in any desired coordinate system. You could even specify a location to calculate the
Total Force and Moment of the Force Balance to a particular location in space. If you wanted
to create loads at particular locations to replace portions of your model, you could employ
the Model Load From Freebody command to automatically create these loads.



Xy style  5=-44

5.9.3 XY Style
FEMAP can aso provide XY plots of results. Just like the Deformed

and Contour options discussed above, View - Select controls whether ;'

an XY Plot isdisplayed, and what type of XY Plot to display. sy Siyle :

The available types are: %0 vsID E

Q XY vs. ID - Plots XY Dataasafunction of 1D number for an Output | = e .
Vector in one Output Set. £ 7 vs Posiin e

O XY vs. Set - Plots XY data versus the output set number for an Out- € v of Furcton §
put Vector across several Output Sets.

QO XY vs. Set Value - Similar to XY vs. Set except uses Output Set xroas. |

valuefor X.

O XY vs. Position - Plots XY data versus the position of nodes or ele-
ments in an axis direction for an Output Vector in one Output Set.

O XY asalunction - Plots XY datafor functions. Not a Post-Processing option.

Controlling an XY Plot
Control over the

contents of an XY Select X Curve Data
| . ded b Wiew 1 Drefault < Wiew
p otis prOVI y —DataSelection——— | [~ Fasition [same far &l Curves]
he Select XY
the Select
Curve Data Dialog S oo (R |
BOX a:Cessed by Tupe ID..VaIue or Magnitude vl — Group [same for all Curves)
pr ng the XY [~ Data at Comers © Active ™ Mome 0 Select I vl
DatabuttoninView | Eure -Output Set ;
Pragram Analyziz Tupe Set'Value
Select, or from the i =l
right mouse button c2
shortcut menu as LN e = o v
r" 4 Ype alue
XY daIa- - ; Il awirnLirm
n I J Minimum
It allowsyou to Cg o —
i et e atia o Lt Sets [ B arhtke
control the output Cig (I baeie oo
set and output vec- ; 8 | Fom | = l
tors shown on the . To | o | coesl |

XY dataplots. Sim-
ply choose the out-

put set and the output vector from the appropriate drop down boxes. You can limit the
category and type of output you see in the drop down lists with the data selection area.

If you are plotting by position you can choose which direction. If you are plotting multiple
sets you can choose a starting and ending set and a node or element to plot. You can also
choose a group to limit the data viewed. If you are plotting by Position or limiting the plot to
a Group, you must pick the same Position and/or Group for all curves. You can plot up to
nine curves on the same plot.
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View Options Post-Processing

View - Options (F6) Post-Processing is where you control the appearance of the XY plots.
Each of the options are briefly described below. For more detail on these options, please see
the FEMAP Command Reference Manual, Postprocessing Chapter.

O XY Titles - specify/locate Title and Subtitle.
O XY Legend - controls location and format of XY Legend.

O XY Axes Style - defines colors of the X and Y axes, number of axis divisions (tics), and
type of plot (Rectilinear, SemiLog Y-Axis, Log-Log, and SemiLog X-Axis).

O XY X Range/Grid - controls the minimum and maximum X axis values, and display of
vertical grid lines.

O XY Y Range/Grid - controlsthe Y axis and the horizontal grid lines.

O XY Curve1through XY Curve9 - controlsthe visibility, style, color, and labeling of the
data curves for an XY-plot. You may also use this option to scale individual curves.

5.9.4 Reporting Results

In addition to the graphical post-processing capabilities of FEMAR, there is also a powerful
set of report based tools for examination of FEA results.

Directing Output
Reports are created using the command in

the List Output SubMenu
Desti Page Length
7 &' Continuous By default, all listings go to the Messages
= Pinter O Lines [ and Lists Window. You can also direct list-
e ingsto a printer and/or afile. To control
- x| where listings appear, choose List Destina-

Sl Fll | Cancel | tion from the FEM AP menu and select the

desired options.

te:

Make certain to toggle off listings to printer or file when you finish listing the desired infor-
mation. FEMAP will continueto send al listings to whatever destinations have been chosen
until they are turned off.

Listing Formatted Output

The most powerful commands associated with listing output are List Output Standard and
List Output Use Format. Both are used to process the nodal and elemental data recovered
from afinite element analysis and repackage that data into standard formats or ones you
define, and then list that datain printed format.
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Describing how to create your own report formats is beyond the scope of this manual.
Details are provided in the FEMAP Command Reference and in the on-line help. One of the
easiest methods of creating your own format is to load a standard format and then edit it.

Querying Your Model

There are two methods to quickly query your model for postprocessing information, List
Output Query command, and Dynamic Query. If you would like to examine large amounts
of datafor asingle entity, simply use the List Output Query command. This command pro-
vides a quick method for retrieving the output results for a particular node or element, or
group of nodes or elementsin your model. The results, as always, will be written to the List
File Destination area(s).

Dynamic Query

The Dynamic Query capability in FEMAP can be T
accessed by clicking the right most tray on the Status el

Bar. By selecting any of the items on the menu, you BDE?E%[ E ]D_éuztggﬁfan oo B FUEL
activate Dynamic Query for that entity type. If you are | Tatal Translation = 00217735
graphically post-processing during Dynamic Query, T1 Translation = -5.3195E-3

the exact information that is being used to create the T2 Translation = -0.031325

o . . ; T3 Translation = -6.4474E-5
graphic is also displayed in the pop-up windows. SalidYon Mises Stress = 6564529
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While a pop-up window is displaying Dynamic Query

information, if you click the left mouse button, the information will be echoed to the List
Destination, typically the Messages and Lists window. Using this capability, you can quickly
walk around the model, recover important information at specific nodes and elements, and
by transferring the information to List Destination, you can easily create a report of that crit-
ical information.

Nt
You can also use the Dynamic Query option to annotate your model with the information it
contains. Simply hit the right mouse button inside the Dynamic Query box when it isvisible,
and FEMAP will create a Text entity identical to the Dynamic Query box at that location. Be
careful when using this capability, however, because the Text is not drawn until you redraw
the Graphics Window.
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Element Reference

This chapter describes the FEMAP element library, the geametry used to create the elements
and apply loads, and the properties which can be specified. The descriptions given for the var-
ious element types define typical characteristics of the elements as they are translated to vari-
ous analysis programs. Check your analysis program documentation for additional
capabilities or limitations of each element type in that program.

6.1 Line Elements

All of the elementsin this section structurally connect two nodes. The different types repre-
sent different structural conditions.

6.1.1 Rod Element

Description
Uniaxia element with tension, compression and tor-
sional stiffness. It does not have any bending or shear
capability.

Application
Typically used to model truss, or other “pin-ended”
members.

Shape
Line, connecting two Nodes.

Element Coordinate System

The element X axis goes from the first node to the
second.

Properties

Area (of cross-section), Torsional Constant, Coefficient for Torsional Stress, Nonstructur
Mass/Length.

Formulation
None or Hybrid. Hybrid formulation only affects ABAQUS export (hybrid TRUSS).
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6.1.2 Tube Element
Description

Variation of the Rod element with atubular cross
section. It isalso a uniaxia element with tension,
compression, and torsional stiffness. Some analysis
programs also include bending and shear stiffness
when they use this type to represent a pipe.

Application

Often used to model pipes. Also used as a more
convenient way to specify properties for aRod ele-
ment if the cross section is tubular.

Shape

Line, connecting two Nodes.

Element Coordinate System
The element X axis goes from the first node to the second.

Properties
Inner Diameter, Outer Diameter, Nonstructural Mass/Length.

Formulation

None or Hybrid. Hybrid formulation affects ABAQUS export (hybrid PIPE) and MARC
export (element 14 for hybrid, otherwise 31).

6.1.3 Curved Tube Element

Description
Another Tube type element. This element is curved. The neutral axisisan arc, not aline,
which goes between the nodes. You can often use multiple tube elements, arranged in an arc,
instead of this element.

Application
Modeling of bends and elbows in piping systems, or other curved members.

Shape
Arc, connecting two nodes.

Element Coordinate System
Same as Beam/Curved Beam element. The element is curved in the elemental XY plane,
with the outward radius pointing toward the third node (or in the direction of the orientation
vector). Refer to the Curved Beam Element, for a picture of the element definition.
Properties
Inner Diameter, Outer Diameter, Nonstructural Mass/Length.

Formulation
None.
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Additional Notes

Unlike the Beam Element, Offsets, Stress Recovery Locations and rel eases are not supported
for this element type.

6.1.4 Bar Element

Description

Uniaxia element with tension, compression, torsion, and bending capabilities. The more
general Beam element is often used instead of this element. The figure, at the end of this sec-
tion, defines both element types. For some analysis programs, FEM AP translates both types
to the same element type.

Application
Used to model general beam/frame structures.

Shape
Line, connecting two nodes. A third node can be specified to orient the element Y axis.

Element Coordinate System

The element X axis goes from the first node to the second. The element Y axis is perpendic-
ular to the element X axis. It points from the first node toward the orientation (or third) node.
If you use an orientation vector, the Y axis points from the first node in the direction of the
orientation vector. The element Z axis is determined from the cross product of the element X
and Y axes.

Properties

Area, Momentsof Inertia (11, 12, 112), Torsional Constant, Shear Areas(Y, Z), Nonstructural
Mass/Length, Stress Recovery Locations. All required input properties for this element can
be automatically calculated for standard or arbitrary shapes by using the FEMAP Beam
Property Section Generator (accessed under Model Property Shape). The Shear Areas calcu-
lated by the Beam Property Section Generator and the input to FEMAP are the effective
areas for shearing, not a shear factor. If you are inputting values directly and have a shear
factor, simply multipleit by the actual areato obtain the shear area.

Formulation

Nine available formulationsfor DY NA defining value for ELFORM on * SECTION_BEAM
card. Standard (MARC - 98, ABAQUS - B21, B31) or Euler-Bernoulli (MARC - 52,
ABAQUS B23, B33) options. The Hybrid formulation option only affects ABAQUS export

by adding an “H" to the element name, thereby calling the ABAQUS hyrbrid form of the
element.

Additional Notes

Refer to the Beam element for further descriptions regarding Releases, Offsets and Stress
Recovery Locations.
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N Ze
Plane 2 (XZ) | "~
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Plane 1 (XY) \ " Nay 1
Third Node, or CyJ

Orientation Vector

Offset A

Bar / Beam Elements

6.1.5 Beam Element

Description
Uniaxial element with tension, compression, torsion, and bending capabilities. This element
can be tapered. You can specify different properties at each end of the beam.

Application
Used to model beam/frame structures.

Shape
Line, connecting two nodes. A third node can be specified to orient the element Y axis.

Element Coordinate System
The element X axis goes from the first node to the second. The element Y axis is perpendic-
ular to the element X axis. It points from the first node toward the orientation (or third) node.
If you use an orientation vector, the Y axis points from the first node in the direction of the
orientation vector. The element Z axisis determined from the cross product of the element X
and Y axes.

Properties

Area, Moments of Inertia(l1, 12, 112), Torsional Constant, Shear Areas(Y, Z), Nonstructural
Mass/Length, Warping Constant, Stress Recovery Locations, Neutral Axis Offsets (Nay,
Naz, Nby and Nbz). All required input properties for this element can be automatically cal-
culated for standard or arbitrary shapes by using the FEM AP Beam Cross Section Generator
(accessed under Model Property Shape).The Shear Areas calculated by the Beam Property
Section Generator and the input to FEMAP are the effective areas for shearing, not a shear
factor. If you are inputting values directly, and have a shear factor, smply multipleit by the
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actual areato obtain the shear area. If the beam is tapered, you can specify different proper-
ties at each end of the element.

Formulation
Nine available formulationsfor DY NA defining value for ELFORM on * SECTION_BEAM
card. Standard (MARC - 98, ABAQUS - B21, B31) or Euler-Bernoulli (MARC - 52,
ABAQUS B23, B33) options. The Hybrid formulation option only affects ABAQUS export
by adding an “H” to the element name, thereby calling the ABAQUS hybrid form of the ele-
ment.

Additional Notes

You can specify Releases which remove the connection between selected element degrees
freedom and the nodes.

Offset vectors defined on the Element move the neutral axis and shear center from the
Neutral Axis Offsets (,Z) defined on the Property card move the neutral axis away fro
shear center. If there are no Neutral Axis Offsets, the neutral axis and shear center arg
dent. If there are no offsets, both the neutral axis and shear center lie directly betwee
nodes.

Stress Recovery Locations define positions in the elemental YZ plane (element cross
tion) where you want the analysis program to calculate stresses.

FONZHIATY LIN37F

Specifying moments of inertia for Beam (and Bar) elements can sometimes be confusi
FEMAP, 11 is the moment of inertia about the elemental Z axis. It resists bending in the
outer Y fibers of the beam. It is the moment of inertia in plane 1. Similarly, 12 is the moment
of inertia about the elemental Y axis. If you are familiar with one of the analysis program
conventions, the following table may help you convert to FEMAP's convention.

FEMAP 11 12
MSC/pal & CDA/Sprint | Iww v
NASTRAN Izz lyy
ANSYS 121 Y1l
STARDYNE 13 12
ALGOR, mTAB & SAP | I3 12
ABAQUS 122 111
MARC lyy IXx
LS-DYNA3D Itt Iss
WECAN Izz lyy
COSMOS Izz lyy
STAAD 4 Y

6.1.6 Link Element

Description
This element is a rigid link with six spring (bushing) stiffnesses at each end. Link elements
are only supported by MSC/pal and CDA/Sprint I.
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Application
Can be used to represent members that are very stiff compared to the stiffness of their con-
nections. Can also simulate arigid connection if you specify large spring stiffnesses.

Shape
Line, connecting two nodes.

Element Coordinate System
The elemental X axis goes from the first node to the second.

Properties
Six stiffnesses at each node.

Formulation
None.

6.1.7 Curved Beam Element

Description
Another Beam type element. This element is curved. The neutral axisis an arc, not aline,
which goes between the nodes. You can often use multiple beam elements, arranged in an
arc, instead of this element.

Application
Modeling of bends and elbowsin pip-
ing systems, or other curved members.

Third Node or
Orientation Vector

Shape
Arc, connecting two nodes.

Element Coordinate System

Same as Beam element. The element is
curved in the elemental XY plane, with

the outward radius pointing toward the

third node (or in the direction of the ori-
entation vector).

Center of Curvature Properties

Bend Radius, Area, Moments of Inertia
(11,12, 112), Torsional Constant, Shear Areas (Y, Z), Nonstructural Mass/Length, Stress
Recovery Locations.All required input properties for this element can be automatically cal-
culated for standard or arbitrary shapes by using the FEM AP Beam Cross Section Generator
(accessed under Model Property Shape). The Shear Areas calculated by the Beam Property
Section Generator and the input to FEM AP are the effective areas for shearing, not a shear
factor. If you are inputting values directly and have a shear factor, simply multipleit by the
actual areato obtain the shear area.
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Additional Notes

Refer to the Beam element for further descriptions regarding Offsets and Stress Recovery
L ocations. Note that releases are not supported for this element type.

Formulation
None.

6.1.8 Spring Element

Description

A combined stiffness (spring) and damper element. It can be either axial or torsional. The
DOF spring is an alternative formulation.

Application

Used to represent any purely axial, or purely torsional, structural member.
Shape

Line, connecting two nodes.

Element Coordinate System
The element X axis goes from the first node toward the second.

Properties
Stiffness, Damping

Formulation
None.

6.1.9 DOF Spring Element
Description

A combined stiffness (spring) and damper element. This element connects any (of six) nodal
degree of freedom at the first node, to any nodal degree of freedom at the second node. The
spring element is an alternative formulation for axial members.

Application
Used to connect two degrees of freedom with a specified stiffness. Depending on the degrees
of freedom and the position of the nodes, this can be an axial member or something much
more complex.

Shape
Connects two nodes. Drawn as aline by FEMAP, but more complex depending on degrees
of freedom that you connect.

Element Coordinate System
Determined by nodal degrees of freedom.

Properties
Degree of Freedom (at each node), stiffness, damping.
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Formulation
None.

6.1.10 Gap Element

Description

A nonlinear element which has different tension, compression, and shear stiffnesses. Check
your analysis program for further descriptions. The exact capabilities of this element type

vary widely between analysis programs.
Application
Used to represent surfaces or points which can separate, close, or slide, relative to each
other.
Shape
Line, connecting two nodes.

Element Coordinate System

The element X axis goes from the first node to the second. The element Y axis is perpendic-
ular to the element X axis. It points from the first node toward the orientation (or third) node.
If you use an orientation vector, the Y axis points from the first node in the direction of the

orientation vector. The element Z axisis determined from the cross product of the element X
and Y axes.

Properties

Initial Gap, Compression Stiffness, Tension Stiffness, Transverse Stiffness, Y and Z Friction

Coefficients, Preload Force, Interface Plane Normal (ABAQUS Only), Interface Width/Area

(ABAQUS Only). Many of these properties are not supported by all analysis programs.
Formulation

None.

6.1.11 Plot Only Element

Description
This element is nonstructural. It does not add any stiffnessto your model. It is only used for
plotting.

Application
Used to represent structural features that are not being analyzed, but that aid in the visualiza-
tion of the model. Plot-only elements are also used by the ABAQUS interface to create inter-
face elements and rigid bodies.

Shape
Line, connecting two nodes.

Element Coordinate System
None
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Properties
None

Formulation
None.

6.2 Plane Elements

The plane elements are used to
represent membrane, shell, and
plate structures. They all follow
the same shape and numbering
conventions. The simplest for-
mulation of these elements are
just athree-noded triangle and a
four-noded quadrilateral. In
addition, six-noded “parabolic”
triangles and eight-noded “para-
bolic” quadrilaterals are also

available.
1 2 5
Linear Quadrilateral Parabolic Quadrilateral
In most cases, loads on plane @
elements will be applied to face 1. In

this case positive pressure acts in the 4

3 Triangular elements do
same direction as the face normal (as nothave a face 6.
determined by the right-hand rule).
Conversely, if loads are applied to face @
2, their positive direction will be oppo-
site to the face normal. Therefore a
positive pressure on face 2 is equivalent to a negative pressure on face 1. If you need to
apply edge loads, they can be applied to faces 3 thru 6 as shown. Their positive direction is
inward, toward the element center..

Whenever possible, you should try to use elements which closely resemble equilateral trian-:
gles or squares. These shapes will usually result in the best analysis accuracy. Consult your
analysis program documentation for specific shape limitations of that program.

6.2.1 Shear Panel Element

Description
A plane element that only resists shear forces, tangential forces applied to the element edge:

Some analysis programs also allow this element to resist normal forces through the use of
effectiveness factors.
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Application
Representing structures which contain very thin elastic sheets, typically supported by stiff-
eners.

Shape
Planar, three-noded triangle, four-noded quadrilateral, six-noded triangle, eight-noded quad-
rilateral. Some shapes are not available for all analysis programs.

Element Coordinate System
Refer to the figurein Section 6.2. The material angle can be used to rotate the element X
axis.

Properties
Thickness, Nonstructural mass/area, Effectiveness Factors (not supported by many analysis
programs).

Formulation
None.

6.2.2 Membrane Element

Description
A plane element that only resists in-plane normal (membrane) forces. In some analysis pro-
gramsthisis a degenerate form of the genera plate element.

Application
Used to represent very thin elastic sheets.

Shape
Planar, three-noded triangle, four-noded quadrilateral, six-noded triangle, eight-noded quad-
rilateral. Some shapes are not available for all analysis programs.

Element Coordinate System
Refer to the figure in Section 6.2. The material angle can be used to rotate the element X
axis.

Properties
Thickness, Nonstructural mass/area.

Formulation

DY NA option between Standard or Fully Integrated Belytschko-Tsay Membrane. ABAQUS
option for Standard or Reduced Integration Membrane. This formulation has no affect on
MARC.

6.2.3 Bending Element

Description

A plane element that resists only bending forces. In some analysis programs this is a degen-
erate form of the general plate element.
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6.2.4 Plate Element

Application
Used to model plates that will only resist bending.

Shape
Planar, three-noded triangle, four-noded quadrilateral, six-noded triangle, eight-noded quad-
rilateral. Some shapes are not available for all analysis programs.

Element Coordinate System
Refer to the figure in Section 6.2. The material angle can be used to rotate the element X
axis.

Properties
Thickness, Nonstructural mass/area, Bending Stiffness parameter (NASTRAN only), Fiber
distances for stress recovery.

Formulation
None.

Description

A combined planar shell element. This element typically resists membrane (in-plane), shear,
and bending forces. Some analysis programs also include transverse (through the thickness
of the element) capabilities.

Application
Any structure which is comprised of thin plates/shells.

Shape
Planar, three-noded triangle, four-noded quadrilateral, six-noded triangle, eight-noded quad-
rilateral. Some shapes are not available for all analysis programs.

Element Coordinate System
Refer to the figure in Section 6.2. The material angle can be used to rotate the element X
axis.

Properties

Thickness (average, or varying at each corner), Nonstructural mass/area, Bending Stiffness
parameter (NASTRAN only), Transverse shear/Membrane thickness (NASTRAN only),
Bending, Shear and Membrane-Bending Coupling Materials (NASTRAN only), Fiber dis-
tances for stress recovery.

Additional Notes

Many analysis programs do not support tapered plate elements. For those that do, you can
specify adifferent thickness for each corner of the plate. You can always specify asingle
thickness for all corners simply by entering the average thickness.
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Plate Offsets (NASTRAN Only) can be defined to offset the plate a particular distance from
its Nodes. Only one offset may be specified, and it will be in the plate’s positive or negative
normal direction.

Formulation

DYNA choice between ten different element formulations. User selection is written to the
SECTION_SHELL card. No MARC options are available for this element type.

ABAQUS Plate options for Standard (S3, S4, STRI65, S8R), Reduced Integration (S3R,
S4R, S8R5, S8R), or Thin shells (STRI35, S4R5, STRI65, S8R5) can be defined. In addi-
tion, you can select Flat Triangles to export STRI3 elements instead of STRI35. The Warp-
ing option is only applicable to ABAQUS EXPLICIT, which causes S4RSW elements to be
written instead of S4RS elements.

6.2.5 Laminate Element

Description
7e Similar to the plate element, except that this element is
composed of one or more layers (lamina). Each layer
can represent a different material. FEMAP supports up
to 90 layers for a laminate (180 layers are available if
:\ Layern 1 the laminate is symmetrical and your analysis program
Layer n-1 supports symmetrical laminates).
: : Thickness Ap p lication
tzz:;‘ Usually used to represent laminated composite shells.
Layer 2 Shape
Lerl 1 Planar, three-noded triangle, four-noded quadrilateral,

six-noded triangle, eight- noded quadrilateral. Some
shapes are not available for all analysis programs.

Element Coordinate System
Refer to the figure in Section 6.2. The material angle can be used to rotate the element X
axis. In addition, the material axes of each layer can be rotated in the element XY plane, rel-
ative to the element X axis.

Properties
For each layer - Material, Orientation Angle, and Thickness. Also, Bottom Surface, Non-
structural mass/area, Bond Shear Allowable and a Failure Theory. Not all of these options
are available for all analysis programs

Formulation

DYNA choice between ten different element formulations. User selection is written to the
SECTION_SHELL card. No MARC options are available for this element type.

ABAQUS Plate options for Standard (S3, S4, STRI65, S8R), Reduced Integration (S3R,
S4R, S8R5, S8R), or Thin shells (STRI35, S4R5, STRI65, S8R5) can be defined. In addi-
tion, you can select Flat Triangles to export STRI3 elements instead of STRI35. The Warp-
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ing option isonly applicableto ABAQUS EXPLICIT, which causes SARSW elementsto be
written instead of SARS elements.

6.2.6 Plane Strain Element

Description
Thisisabiaxial plane element. It creates atwo-dimensional model of a solid structure which
does not vary through its depth, the plane strain condition.

\ydte:

Some analysis programs use two-dimensional elements for plane strain analysis. Those pro-
grams usually require that the elements be located in a specific global plane. The required
planes for each program are given with the description of Axisymmetric Elements, later in
this chapter. Refer to the chapter on translation, and your analysis program documentation,
for more information about which programs use two dimensional elements. You must build
your model in one of the listed planesif you plan to use one of these analysis programs.

Application
Modeling of very thick solids which have one constant cross section.

Shape
Drawn as planar, but really avolume. Triangles represent wedges, quadrilateral s represent
hexahedra. Three-noded triangle, four-noded quadrilateral, six-noded triangle, eight-noded
quadrilateral. Some shapes are not available for all analysis programs.

Element Coordinate System
Refer to the figure in Section 6.2. The material angle can be used to rotate the element X
axis.

Properties
Thickness and fiber distances (often not needed), Nonstructural mass/area.

Formulation
DY NA choice between Plane Strain or Plane Stress Elements. You can aso select Plane
Stress for ANSY S by checking Plane Stress under the ABAQUS/MARC and ANSY S
options area. The default is Plane Strain.

For ABAQUS and MARC, the elements will be written as Plane Strain unless the Plane
Stress option is selected. The following table provides the elements associated with the dif-
ferent options. These elements correspond to linear and parabolic triangular and quadrilat-
era topologies. Certain options may only effect specific element topologies.
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PLANE STRAIN/STRESS Formulations

Analysis Program--> ABAQUS ABAQUS MARC MARC
Plane--> Srain Stress Srain Stress
Standard CPE3, CPE4, |CPS3,CP+A4 6, 11, 3
CPE6, CPE8 | CPS6, CPS8 125, 27 124, 26
Reduced Integration CPE3, CPE4R, | CPS3, CPHAR, |6, 115, 114,
CPE6, CPESBR |CPS6, CPSBR | 125,54 0r58 |53
Incompatible Modes | CPE3, CPE4l |CPS3, CP4l | Standard 3 (Assumed Strain)
Modified Contact CPE6M CPS6M No effect No effect
Hybrid Add “H” Add “H” 6, 11, No effect
128, 32 or 58

6.2.7 Planar Plot Only Element

Description

This element is nonstructural. It does not add any stiffnessto your model. It is only used for
plotting. Planar plot-only el ements are also used by the ABAQUS interface to create inter-
face elements and rigid bodies.

Application
Used to represent structural features that are not being analyzed, but that aid in the visualiza-
tion of the model.

Shape
Linear quadrilateral and linear triangular shapes are allowed (midside nodes cannot be cre-
ated) connecting 3 or 4 nodes.

Element Coordinate System
None

Properties
None

Formulation
None

6.3 Volume Elements

These elements are all used to model three-dimensional solid structures. They can provide
very detailed results, but usually require additional modeling and analysis time and effort.
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Axisymmetric Element

6.3.1 Axisymmetric Element

Description

The axisymmetric element isa
two-dimensional element used to
represent volumes of revolution.

\ydte:

Before using axisymmetric ele-
ments, it is very important to con-
sult your analysis documentation.
Most analysis programs require
you to construct your model in a
specific global plane.

The following table lists the
required conventions for the sup-

Linear Triangle
3

Xm
Y o
1

Linear Quadrilateral

Parabolic Quadrilateral

ported programs.

Program Global Model Plane | Radial Direction
NASTRAN XZ Globa X
MSC/pal & CDA/Sprint | XZ Global X
STARDYNE XY Globa X
ANSYS XY Globa X
COSMOS XY Global X
ALGOR, mTAB & SAP |YZ Globa Y
WECAN XY Global X
ABAQUS XY Globa X
MARC XY Globa Y
LS-DYNA3D XY Globa X

If possible, you should always build your model in the convention of the program you plan
to use. To properly translate your model to any of the programs, FEMAP requires that you
build the model using one of the listed conventions. When you write your model using one
of the program translators, FEM AP checks to seeif the model isin the correct plane for that
program. If it is not, you will be given several options to automatically rotate it into the cor-
rect plane. If you do not use one of the above conventions, FEMAP will translate your

model, but the results may be incorrect.

Application

Modeling of axisymmetric solid structures with axisymmetric constraints and loading.
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Shape
Drawn as planar, but really represent axisymmetric rings. Three-noded triangle, four-noded
quadrilateral, six-noded triangle, eight-noded quadrilateral. Some shapes are not available
for all analysis programs.

Element Coordinate System

See the figure above (in this section). The material angle can be used to rotate the element X
axis. Note the differences between the axisymmetric element coordinate angles and those for
the plane elements. In this case, the angles are from a global axis, not from the first side of
the element.

Properties
None.

Formulation
For DY NA you can choose between an Area or Volume Weighted formulation.

Both ABAQUS and DY NA have typica axisymmetric elements (2-DOF) aswell as axisym-
metric elements with twist. The 2-DOF elements will be used unless the Twist option is
selected. The following table provides the elements associated with the different options.
These elements correspond to linear and parabolic triangular and quadrilateral topologies.
Certain options may only affect specific element topologies.

Axisymmetric Formulations

Analysis Program--> ABAQUS ABAQUS MARC MARC
Type--> 2-DOF Twist 2-DOF Twist
Standard CAX3, CAX4 CGAX3,CGAX4 2,10 20
CAX6, CAX8 CGAX6,CGAX8 |126,28 67
Reduced Integration CAX3, CAX4R |CGAX3,CGAX4R |2, 116, Standard
CAX6, CAX8R |CGAX6, CGAXS8R |126, 55
Incompatible Modes CAX3, CAX4l Standard Standard Standard
Modified Contact CAX6M” No effect No effect No effect
Hybrid Add “H" Add “H” 2,10 66
126, 33
Hybrid+Reduced (MARQ) 2,116 66
129, 59
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6.3.2 Solid Element

Description

A three-dimensional solid ele-
ment.

Application
Modeling of any three-dimen-
sional structure.

Shape
Four-noded tetrahedron, Six- 6
noded wedge, Eight-noded
brick (hexahedron), Ten-noded
tetrahedron, Fifteen-noded
wedge, and Twenty-noded

brick. Some shapes are not Positive pressure on
; ; solid elements acts inward, o i
available for all analys1 Spro- toward center of element. Linear Wedge

grams.

Element Coordinate System

Can be aligned based on the node locations or aligned to a coordinate system. Check your
analysis program documentation for supported options.

Properties
Material axes, integration order (not all programs).

Formulation
For DY NA you can choose between 13 element formulations, although you will typically
want to choose one of thefirst four: (1) 1-Stress Point, (2) Fully Integrated S/R, (3) Fully
Integrated 6-DOF/Node, or (4) Tetrahedral 6-DOF/Node. The selected option is output to the
SECTION_SOLID card.

Both ABAQUS and DY NA have element metric elements with twist. The 2-DOF el ements
will be used unless the Twist option is selected. The following table provides the elements
associated with the different options. These elements correspond to linear and parabolic tri-
angular and quadrilateral topologies. Certain options may only affect specific element topol-
ogies

Solid Formulations

Analysis Program--> ABAQUS MARC
Standard C3D4, C3D6, CRD8 134, 7
C3D10, C3D15, C3D20 127,21
Reduced Integration C3D4, C3D6, C3D8R 134, 117
C3D10, C3D15, C3D20R 127,57
Incompatible Modes C3D4, C3D6, C3D8I 7 (Assumed Strain)
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Solid Formulations

Analysis Program--> ABAQUS MARC
Modified Contact C3D10M No effect
Hybrid Add “H” 2,10
126, 33
Hybrid+Reduced (MARCQC) 2,116
129, 59
Additional Notes
If you want to
apply pressure
loads to Solid ele-
ments, you must
specify aface

number. The pre-
vious and follow-
ing figures, show

the face numbers
5 (F1through F6,in
Zm the circles) for
Q’" 1 each element
Xm shape. Positive

pressureisalways
directed inward,
toward the center
of the element.

Parabolic Wedge

6.4 Other Elements

This category of elements allows you to define masses, rigid connections, general stiff-
nesses, contact pairs and slide lines.

6.4.1 Mass Element

Description
A generalized three-dimensional mass and/or inertia element located at anode. The center of
mass can be offset from the node. An even more general form is the Mass Matrix element.
Application
Representing parts of a structure which contain mass, but which do not add any stiffness.

Shape
Point, connected to one node.
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Element Coordinate System

Aligned with a coordinate system that you specify. Some analysis programs require that you
define masses relative to global rectangular coordinates or the nodal degrees of freedom.

Properties
Mass (or MassX, MassY, and MassZ for some programs), Inertias (Ixx, lyy, 1zz, Ixy, lyz,
1zx), Offsets.

Formulation
None

6.4.2 Mass Matrix Element

Description

A generalized three-dimensional mass and/or inertia element. The mass and inertia proper-
ties are defined as a 6x6 mass matrix. In most cases, the Mass Element is easier to define.

Application
Representing parts of a structure which contain mass, but which do not add any stiffness.

Shape
Point, connected to one node.

Element Coordinate System

Aligned with a coordinate system that you specify. Some analysis programs require that you
define masses relative to global rectangular coordinates or the nodal degrees of freedom.

Properties
Upper triangular portion of a 6x6 mass matrix.

Formulation
None

6.4.3 Rigid Element

Description

Represents arigid connection between a master node and one or more other nodes. FEMAP
has no limit on the number of additional nodes, or the degrees of freedom which may be con-
nected on these additional nodes. Weighting factors for these connections may also be
defined.

Some analysis programs require that the rigid element connects all six degrees of freedom.
Other programs let you limit the connection to selected degrees of freedom. In addition, sup-
port for the Rigid Element weighting factorsin analysis programsis limited.

Application
Modeling connections which are very stiff relative to the remainder of the structure.

Shape
One master node, connected to one, to nineteen, additional nodes.
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Element Coordinate System
None, depends on nodal degrees of freedom.

Properties
None.

Formulation

Rigid Element Formulations are only currently supported for ABAQUS. These formulations
allow you to export FEMAP rigid elements as ABAQUS MPC type. There are currently thir-
teen different ABAQUS *MPC types supported by FEMAP. The following table provides a
list of the different supported MPCs, the number of required dave nodes, whether the order
of the dave nodes are important, the total number of MPCs written for each rigid element,
and the output format. If any of these options are unclear, please cross-reference thistable
with the Multi-Point Constraints section in the ABAQUS/Standard users Manuad. The refer-
encesto Node a, b, S, etc. are taken directly from this manual.

RIGID ELEMENT FORMULATION

No. of Slave No. of

MPC Type Nodes/Or der MPCs Output For mat/Comments
BEAM, TIE, PIN | 0 iont No. Slave | Same Master (2nd Node in ABAQUS MPC) for all
LINK, ELBOW P Nodes | MPCsbut Different Slave Node.
SSLINEAR Master Node as Shell Node, S.

SSBILINEAR >1/Important Single | Slave Nodes exported as solid nodes, p values.
SSF BILINEAR

First 2 Slave Nodes (s1, s2) written as Pipe Axis.

SSBEAM >2/Important Single Master then written as Beam Node, b.
Remaining Slaves (s3, etc.) written after Master.
Master as Node a

REVOLUTE 2/Important Single First Slave as Node b.

Second Slave as Node c to define rotation.

Master Node as Sliding Node, p

SLIDER Z/important Single First 2 Slave Nodes as dliding axis, a, b.

Master as First Edge Node a
CYCLSYM 3/Important Single First Slave as Second Edge Node b.
Second and Third Slaves as cyl symmetry axisc, d

Master as First Node a.

UNIVERSAL 3/Important Single First Slave as Node b.

Second and Third Slaves (c, d) define rotation.
Master as Vel ocity Constrained Node a.

V LOCAL 3/Important Single First Slave defineslocal rotation direction (Node b)
Second Slave defines velocity (Node c)
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6.4.4 Stiffness Matrix Element
Description
A general stiffness element. This element lets you define a 6x6 stiffness matrix that will be
symmetrically applied (expanded to a 12x12 matrix) to two nodes.
Application

Modeling of custom stiffness connections between two nodes that can not be adequately rep-
resented by other available element types.

Shape
Drawn asaline. Real shape is undefined.

Element Coordinate System
Depends on nodal degrees of freedom.

Properties
Upper triangular portion of a 6x6 stiffness matrix.

None.

6.4.5 Contact Element

Description
An element which defines geometry of surface contact between two bodies. Input includes
two Contact Segments, one Master and One Slave. The Contact Segments may be comprised
of Nodes, Element Faces, Curves, Surfaces. Self-Contact can be modeled by choosing the
same Contact Segment for both Master and Slave.

Application
Modeling of multiple body parts that come into contact.

Shape
Drawn as lines between Master and Slave Contact Segments.

Element Coordinate System
None. Depends on Coordinate System of Nodes.

Properties

Varies depending upon analysis program. Friction and contact tolerances (largest allowable
penetration, largest separation force, etc.) are typical inputs.

6.4.6 Slide Line Element
Description

A contact element which allows input of frictional and stiffness contact information between

Nodes on Surfaces. Input includes a series of Master and Slave Nodes to define geometry of
surface contact.
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Application
Modeling of finite-sliding surface interaction between two deformable bodies.

Shape
Drawn as lines between Master and Slave Nodes.

Element Coordinate System
None. Depends on Coordinate System of Nodes.

Properties

Width of contact surfaces and stiffnhess/frictional data including Stiffness Scale Factor, Non-
sliding Frictional Stiffness, and Static Friction Coefficient.
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This chapter defines the use of the FEM AP interfaces to CAD and Finite Element analysis
programs.

The first section shows how FEMAP entities are translated to and from the analysis programs.
The second section provides detailed instructions about using each of the FEMAP interfaces
to analysis programs. The final section provides information related to importing and export-
ing geometry from/to CAD programs.

Each subsection in section 7.2 and 7.3 are devoted to an interface between FEMAP and
another program.

7.1 The Translation Table

The following pages contain a table which shows how FEMAP entities are translated to and
from the supported analysis programs.

The superscripts in the table refer to the notes which follow the table. You will find the notes
(and the superscripts) are numbered from 1-N for each analysis program. Therefore, if you see
superscript 6 in the column for ANSY S Write trandlator, that refersto Note 6 for ANSY' S, not
note 6 for one of the other programs.

You will see numerous < symbols listed for the various read translators. Wherever you see

this symbol, it means that the read translator supports the same entities as the corresponding

write translator. The column for the write translator is to the left of the column for the read
translator, hence the < symbol. In some cases, the read translator will support more entities

than the write translator. In those cases you will se€™followed by the additional entities
that are supported. Whenever an entity is not supported by the corresponding read or wri
translator (or by the analysis program), you will see “---"




ST ABAQUS ALGOR ANSYS COSMOS I-DEAS MTAB/SAP IV
Write Read Write | Read Write Read Write Read Write Read Write Read
Coordinate Systems
Rectangular |- LOCAL & CSMATRIX | Dataset 2420' | <o
(KCS=0)° (type 0)
Cylindrical LOCAL @ CSMATRIX | & Dataset 2420' | ¢
(KCs=1)® (type 1)
Spherical LOCAL @ CSMATRIX | & Dataset 24201 | ¢
(KCs=2)% (type 2)*
Nodes
All *NODE, & Nodal Datal | <718 N, &+ ND* G~ Dataset 2411 | <= Nodal Datal | <18
*TRANSFORM NROTAT? NMODIF!
1
Elements
Rod T2D2T2D2H, | Type 1 &~ EN (stifg)?® | <& +ERZ EL (truss3d) = Dataset 2412 | <= Type 1 G0
T3D2, T3D2H, (fe11)
DC1D2, C1D2,
C1D2H*
Bar B21, B23, 1314 Type2!®  |asBeam EN (tif4, & +ER EL (beam3d) |asBeam Dataset 748, &+ (2438) | Type 2 asBeam
B21H, B23H, if33)223 op[1]=11 2412 (fe 21)
B31, B33,
B31H, B33H2
*RELEASE
Tube PIPE21, = Type 1210 | <2025 EN (stif16) Y EL (pipe) = Dataset 2412 (fe | <2 Type 1210 G209
PIPE21H, 21)
PIPE31,
PIPE31H®
Curved Tube |ELBOW31° = Type 1210 | <2025 EN (stif18) Y EL (elbow) = Dataset 748, <G4 (2438) | Type 1210 G209
2412 (fe 23)
Link --- ---

c-L
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A NASTRAN MARC PATRAN LS-DYNA3D STARDYNE WECAN
Write Read Write Write Read Write Write Read Write
Coordinate Systems
Rectangular CORD2R! S+ -1 Type5! =" *DEFINE_COORDINATE |---1 NEWSYS, |-t
CORDIR _SYSTEM NEWSYSA,
NEWSY SJ
Cylindrical CORD2C! S+ -1 Type5! = - -1
CORDIC
Spherical CORD2S! F+ _— Type 5t & -1 _—
CORD1S
Nodes
All GRID, SPOINT, | <2 COORDINATES! Type 12 =" *NODE NODE, <~+ODEG, |Series4.1!
EPOINT TRANSFORM ASYSG! NODEGRD1,
CYLINDRICAL NODEGRD2
Elements
Rod CROD < +CON- |9 Packet 23 =" BEAM! BEAMG? as STIF8, STIF332
ROD (Cfg=3) (001111) Beam
Bar CBAR & 52, 98% Packet 23 & BEAM? BEAMG® BRECT STIF4>6
(Cfg=1)
Tube CTUBE (not | <& 14, 312 BEAM? PIPEG a7 STIF7®
UAI, Cosmic)
Curved Tube |CBEND (not | <= 31 PIPEG =k STIF293
UAI, Cosmic)
Link - - - - ---

3|gel uone|suel] ayl
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s=AE ABAQUS ALGOR ANSYS COSMOS I-DEAS MmTAB/SAP IV
Write Read Write | Read Write Read Write Read Write Read Write Read
Beam B21, B23, ~1B14 Type 2213 [ <2021 EN (stif44, S +ER EL (beam3d) | <= Dataset 748, G4 (2438) | Type 2 G202
B21H, B23H, if33)2 op[1]=1,2* 2412 (fe 22)
B31, B33,
B31H, B33H?
*RELEASE™
Spring SPRINGA, = EN (stif14) Y EL (spring) & Dataset 2412 (fe | <3 Type 71 &
DASHPOTA® ko[3]=0,17 op[1]=0,1 136, 137)
DOF Spring | SPRING2, @ EN (stif14) | +ER
DASHPOT2% ko[2]=1-6
Curved Beam  |--- Dataset 748, G+ (2438) |
2412 (fe 23)
Gap GAPUNI” @ Type14t | 2 EN (stif52) | < +ER
ko[1]=1
Plot Only R2D2, RAX2, |R2D2, RAX2, KNODE,L |- Dataset 2431 | <o
RB2D2, ISL21, | RB2D2, RB3D2,
ISL21A, ISL31, | SAX1, FAX2,
IRS21, IRS21A%| SAXAL
Shear EN (stif28) | < +ER EL (shell4) &
quad only® op[2]=2 (+shell3)™°
Parabolic Shear |---
Membrane M3D3, M3D4, | Type 3° G022 EN (stif63) &+ R EL (shell4) = Dataset 748, = Type 3° F2022
M3D4R8 ko[1]=1° + (tif42) op[2]=1 (+shell3)1® | 2412 (fe 41, 44)
ko[3]=0,3
Parabolic M3D6, M3D8, | <& (+ M3D8R, EN + E12 Dataset 748, S (2438) |
Membrane M3D8RE M3D9, M3D9R) + (sif82) 2412 (fe 42, 45)
ko[3]=0,3
Bending EN (stif63) & +ER
ko[1]=2°
Parabolic --- ---
Bending
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T NASTRAN MARC PATRAN LS-DYNA3D STARDYNE WECAN
Write Read Write Write Read Write Write Read Write
Beam CBEAM, = 52, 98% Packet 2° = BEAM? BEAMG, [= STIF64>6
(Cosmic-CBAR) (Cfg=2) BEAMTPR3* |BEAMI®
Spring CROD? asRod SPRING MADDEL, &5 STIF14, STIF478
CVISC MADDX?
DOF Spring  |CELAS2, (= SPRINGS Packet 23 & MADDXINC |<3 4
CDAMP2* CELASI, (Cfg=6) 19
CDAMP12 MADDX
Curved Beam |CBEND®(not | <= 31 ELBOWZ <
UALI, Cosmic)
Gap CGAP (not Cos- | <=
mic)
Plot Only PLOTEL &
Shear CSHEAR quad | <2 68 Packet 23 & TRIABS ="
only (Cfg=7) (type-4)
Parabolic Shear [--- Packet 2° &
(Cfg=7)
Membrane CTRIA3, (= 18 Packet 23 =" SHELL? TRIAB, & STIF13
CQUAD4, CTRMEM, (Cfg=5) _BETA QUADB(H) ke[1]=1°
CQUADR, CQDMEM (type 2)
CTRIAR
Parabolic CTRIAS, = 30 Packet 2° ="
Membrane CQUADS? (not (Cfg=5)
Cosmic)
Bending CTRIA3, & Packet 23 @ TRIAB, & STIF13
CQUAD4, + CTRPLT, (Cfg=10) QUADB(H) ks[1]=2°
CQUADR, CQDPLT (type 3)
CTRIAR
Parabolic CTRIAS, = Packet 23 ="
Bending CQUADS? (not (Cfg=10)
Cosmic)

3|gel uone|suel] ayl
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s=AE ABAQUS ALGOR ANSYS COSMOS I-DEAS MmTAB/SAP IV
Write Read Write | Read Write Read Write Read Write Read Write Read
Plate S3, $4, STRI3, |S3, 3R, 4, AR, | Type 6° S02329  EN (stif63, S +ER EL <A (+shell3, | Dataset 748, <G4 (2438) | Type6® 202313
STRI35, S3R, | 4R5, STRI3, 57, if43) (shell4,shell4t)® | shell3)l® | 2412 (fe 91, 94)
AR, SARF, STRI35, DS4 ko[1]=0° op[2]=0
S4RS5, DS48
Parabolic Plate | STRI65, S8R, | STRI65, S8, S8R, | - EN (stif93)® |< +ER EL (shell9) & Dataset 748, G+ (2438) |
SBR58 S8R5, S9, DS8 quad only® 2412 (fe 92, 95)
DS8
Plane Strain CPE3, CPE4, |CPES3, CPE4, Type 48 2022 EN (stif42, F+ER EL (plane2d) | <= Dataset 748, &+ (2438) | Type 45 G022
CPE4I, CPE4R, | CPE4H CPE4R, 155, if56) | (donotread | op[3]=0,2 2412 (fe’51, 54)
CPS3,CP4, |CPE4RH, CPE4I, ko[3]=23 any hyper)
CPS4l, CPS4R | CPE4IH, CGPES,
DC2D3, DC2D4| CPS3,CPS4,
CPS4l, CPSAR,
DC2D3, DC2D4
Parabolic Plane | CPE6, CPES, | CPE6, CPE6H, |- EN (stif82, S +E, EL (plane2d/ | <2 Dataset 748, G4 (2438) |
Strain CPESR and CPES, CPESH, sif77, tif74) | +(stif2)? triang) 2412 (fe 52, 55)
hybrid®, CPS6, | CPEBRH, CPS6, ko[3]=2% 0p[3]=0,22
CPS8, CPSBR | CPS6M, CPS8,
DC2D6, DC2D8| CPS8R, CGPES,
DC2D6, DC2D8,
Laminated Plate| STRI3, STRI35, | <F+ (S3, $4, AR, [ Type 15628 | <7 + Type |EN (tif53) G +ER2 EL (shell4l) =
4, AR, ARF, | 4R5) 1628 ko[3]=NL tri ko[2]=NL (+shell31)1®
SR80 only8°
Parabolic STRI65, S8R, | <3(+ STRI6, EN (stifo1, F+ER EL (shell9l) =
Laminated Plate | S8R5810 sif99) quad only®
S9RS) ko[3]=NL®
Planar Plot Only| R2D3, R3D;1, <7+ (R3D3,R3D4, | --- --- --- - - Dataset 2431 & - -
IRSS, IRS4 F3D3, F3D4)
Axisymmetric |CAX3, CAX4, | <7+ (CAXA4, Type 4 2022 EN (stif42, F+ER EL (plane2d) | <= Dataset 748, &+ (2438) | Type 4 F2022
CAX4l, CGAX3, CGAX4 1if55, if56) ko[3]=1 2412 (fe 81, 84)
CAX4R, hybrid, | hybrid and reduced ko[3]=1%
DCAX3, integration)
DCAX4 (-DCAX3,
DCAX4)

9-L
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T NASTRAN MARC PATRAN LS-DYNA3D STARDYNE WECAN
Write Read Write Write Read Write Write Read Write
Plate CTRIA3, [ 75, 138, 139, 140° Packet 23 @ SHELL2 TRIAB, @ STIF13
CQUAD4, CTRIAL, (Cfg=4) _BETA QUADB(H)’ ks[1]=0
CQUADR, CQUADI, _THICKNESS (type user) STIF59°
CTRIAR CTRIA2,
CQUAD2
Parabolic Plate |CTRIAG, = 22 Packet 23 =
CQUADSZ (not (Cfg=4)
Cosmic)
Plane Strain | CTRIAS3, = 6, 11, 115° Packet 2° =" SHELL? TRIAB, as Plate® STIF53, STIF56
CQUAD4, 3,114 (Cfg=11) _BETA QUADB(H)® ks[1]=2, ks[2]=2,
CQUADR, (type user) STIF58, STIF68
CTRIAR (not
UAI, Cosmic)
Parabolic Plane |CTRIAS, = 27, 54, 125° Packet 23 =" STIF53, STIF56
Strain CQUADSZ (not 32,58, 128 (Cfg=11) ks[1]=1, k§[2]=2,
UAI, Cosmic) 26, 53, 124 STIF58, STIF68
Laminated Plate| CTRIA3, = 753, SHELL? QUADC® [
CQUADA4, 138, 139, _BETA QUADCMZ
CQUADR, 140
CTRIAR
Parabolic CTRIAS, & 22
Laminated Plate| CQUADS? (not
Cosmic)
Planar Plot Only|--- - &
Axisymmetric | CTRIAXS, & 2,10 Packet 23 SHELL? QUADAB®S & STIF53, STIF56
CTRIARG, 116 (Cfg=8) _BETA ke[1]=2, kg[2]=0,
CTRIAX, 20 STIF58, STIF68
CQUADX’

3|gel uone|suel] ayl
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s=AE ABAQUS ALGOR ANSYS COSMOS I-DEAS MmTAB/SAP IV
Write Read Write | Read Write Read Write Read Write Read Write Read
Parabolic Axi- [CAX6, CAX8, | <=+ (CAXA8, |[-- EN (stif82, &S +E, EL (plane2d/ | <o Dataset 748, &S+ (2438) |
symmetric CAX8R and CGAXS, sif77, tif74) | +(stif2)? triang) op[3]=1? 2412 (fe82,85)
hybrid, DCAX6, | CGAX8)hybrid ko[3]=13
DCAX8 and reduced inte-
gration) (-DCAXS,
DCAX8)
Solid C3D4,C3D6, |<-(DC3D4, Type5, G~ EN (stif450r | <= +ER2 EL (solid/ = Dataset 748, <F24+ (2438)| Type5, F0
C3D8, C3D8I, |DC3D6, DC3D8) |Type 9° if73, tif70, |+ (stif72) tetrad) (+tetradr)® | 2412 (fe 111, Type 8+5
C3D8R and sif58) 112, 115)
hybrid® ko[4]=1%2
DC3D4,
DC3D6, DC3D8
Parabolic Solid [C3D10, C3D15, | <4+ (C3D27R |- EN (stif95, & +ER EL (solid/ & Dataset 748, P2+ (2438)| Type 8° [=EY
C3D20, and hybrid) &if87, stif90, |+ (tif92) tetral0O) no 2412 (fe 118,
C3D20l, - (DC3D10, ifo2) wedge® 113, 116)
C3D20Rand | DC3D15, EMORE?
hybrid® DC3D20)
DC3D10,
DC3D15,
DC3D20
Mass MASS, = Load Mass!| <2 EN (stif21) S +ERB | EL (mass)® = Dataset 2412 (fe | <2 Load Mass* | =
ROTARY |31 ko[3]=0%0 161)
Mass Matrix |- Load Mass'®| as Mass EN (stif27) S +ERD | Load Mass!® |asMass
ko[3]=2%0
Rigid *MPC = Type 1312 | <2026 CP,CEAVE, |14 CPDOF® = Dataset 748, G4 (2438) |
CERIG# 2412 (fe 122)
Stiffness Matrix | --- Type10? | <2024 EN (stif27) S +EL2 B (genstif)! | <27
ko[3]=41
Contact *CONTACT |18 see’t
PAIR
SlideLine - - -

8-L
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T NASTRAN MARC PATRAN LS-DYNA3D STARDYNE WECAN
Write Read Write Write Read Write Write Read Write

Parabolic Axi- |CTRIAXS, @ 28, 553 Packet 23 @ STIF53, STIF56

symmetric CTRIAX, 66, 67 (Cfg=6) kg[1]=1, ks[2]=0,
CQUADX’ (not 33, 59 STIF58, STIF68
UAI, Cosmic) 126, 129

Solid CTETRA, = 7, 1343 Packet 23 =" SOLID CUBEGH)® |« STIF48, STIF55,
CPENTA, CHEXA1, |117 (Cfg=0) STIFT78,
CHEXA (Cos- |CHEXAZ2, ke[1]=1,2
mic-CTETRA, |CWEDGE STIF49, STIF65,
CWEDGE, STIF79414
CHEXA1,
CHEXA2,
CIHEX1)

Parabolic Solid |CTETRA, (= 21,57, 1273 Packet 2° =" STIF48, STIF55,
CPENTA, CHEX20 35, 61, 130 (Cfg=0) STIF78ks[1]=1,2
CHEXA (Cos- STIF49, STIF65,
mic-CIHEX2) STIF79*14

Mass CONM28 = MASSES Packet 23 = *MASS- WGHTO [ STIF4410

(Cfg=7) WGHTG,
WGHTGEN

Mass Matrix ~ |CONM1 = MASSX 2

Rigid RBE2, RBE3 | <7 + RBAR? |TYING* BEAMGY [ STIF72Y
(CRBE2, (CRBAR- (rigid) PIPEG,
CRBE3 Cosmic) BRECT
-Cosmic)

Stiffness Matrix | --- MADDX?*

Contact CONTACT TABLE *CONTACT

SlideLine BLSEG,
BCONP

3|gel uone|suel] ayl
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s=AE ABAQUS ALGOR ANSYS COSMOS I-DEAS MmTAB/SAP IV
Write Read Write | Read Write Read Write Read Write Read Write Read
Properties
Rod *SOLID SEC- | < Typel & R (1% &5 RCONST (1) | Dataset 776, <=3+ (789) | Typel =
TION 2437
Bar *BEAM GEN- | < Type 23 asBeam R (1-6,8- S +R(MY®  |RCONST (1-10, | <2 Dataset 776, <=3+ (789) | Type 23 asBeam
ERAL SEC- 10,12) 15-20, 2437
TION, 25-27)
*SECTION
POINTS,
*CENTROID,
*SHEAR CEN-
TER
Tube *BEAM SEC- | <P Type12l® | R(1,2) &~ RCONST (1,2) |<= Dataset 776, &34+ (789) | Type 1210 &
TION (PIPE) 2437
Curved Tube |*BEAM SEC- | <P Type12'® | & R (1-3) 15 RCONST & Dataset 776, &34+ (789) | Type 1210 &
TION (1,24 2437
(ELBOW)
Link - -
Beam *BEAM GEN- | T+ (*TRANS- |Type22® |& R(1-2455) |< +R(53)'> |RCONST & Dataset 776, | <33+ (789) | Type 223 &
ERAL SEC-  |VERSE SHEAR op[1]=1 (1-10, 2437
TION, STIFFNESS) 15-20,25-27)
*SECTION op[1]=2 (1-16)
POINTS,
*CENTROID,
*SHEAR CEN-
TER
Spring *SPRING, = R(1,2) &5 RCONST (1,2) | <o Dataset 2437 | <35+ (789) | Type7 &
*DASHPOT
DOF Spring  |*SPRING, @ R (1,2 Qs
*DASHPOT
Curved Beam |- Dataset 776, | <%+ (789) |---
2437
Gap *GAP,*FRIC- |7 Type14 | R(1,2,MU* |[R(@12*® |-
TION
Plot Only --- --- - - - - -
Shear R(1) < +ESYSY |[RCONST (1) |<a
Parabolic Shear |--- - --- --- --- --- ---

oL-L
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T NASTRAN MARC PATRAN LS-DYNA3D STARDYNE WECAN
Write Read Write Write Read Write Write Read Write
Properties
Rod PROD & GEOMETRY Packet 4% & *SECTION_BEAM BPROP1, as Arez?
BPROP2 Beam
Bar PBAR & BEAM SECT Packet 44 & *SECTION_BEAM BPROP1, BPROP2, Area, Ixx, 12z,
BPROP2, BPROP4, lyy, THz, THYy,
BPROP4, BPROP5 THET, Rayr,
BPROP52 TAUi, Dxi, Dyi,
Dz, Yi, Zi%8
Tube PTUBE® = GEOMETRY *SECTION_BEAM BPROP3 =" Do, Twall®
Curved Tube  |PBEND & GEOMETRY BPROP3 = Do, Twall,
Reurve3
Link - - - - - - -
Beam PBEAMY! & BEAM SECT Packet 4* & *SECTION_BEAM BPROP1, & AREAI, IXXi,
(PBAR-Cosmic) GEOMETRY BPROP2, 1ZZi, 1YYi, THZi,
BPROP4, THYi, THET,
BPROP512 RGYRI, TAUI,
DXi, DYi, DZi,
Yij, Zij>87
Spring PROD? as Rod *MAT_SPRING MADDX = K8
PVISC *MAT_DAMPER
DOF Spring  |on Elem <& +PELAS, | SPRING Packet 4* =" MADDXINC | < +
PDAMP MADDX?!®
Curved Beam |PBEND® @ BEAM SECT BPROP3, @
GEOMETRY BPROP5%?
Gap PGAP &
Plot Only --- - -
Shear PSHEAR & GEOMETRY Packet 4* & on Elem &
Parabolic Shear |- GEOMETRY Packet4* |G

3|gel uone|suel] ayl
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ABAQUS ALGOR ANSYS COSMOS I-DEAS MmTAB/SAP IV
FEMAP
Write Read Write | Read Write Read Write Read Write Read Write Read

Membrane *SOLID SEC- | < Type 3’ = R (15) & +ESYS® [RCONST (1) | Dataset 2437 | <23+ (789) |Type3’ =
TION

Parabolic *SOLID SEC- | <@ Dataset 2437 | <73+ (789) |---

Membrane TION

Bending R (1,5) & +ESYSY |- Dataset 2437 | <73+ (789) |---

Parabolic Dataset 2437 | <73+ (789) |---

Bending

Plate *SHELL SEC- | < Type 6° &2 R (1-5) <& +ESYSY® [RCONST (1) | Dataset 2437 | <23+ (789) |Type6® G113
TION

Parabolic Plate |*SHELL SEC- | < R (1-4,6) <& +ESYSY® [RCONST (1)  |<a Dataset 2437 | <23+ (789) |-
TION

Plane Strain ~ |[*SOLID SEC- | < Type 4’ =" none ESYS!® RCONST (2) | &= Dataset 2437 | <23+ (2438, | Type 4’ =
TION 2412)

Parabolic Plane |*SOLID SEC- | <@ none ESYS RCONST (2) | Dataset 2437 | <73+ (789) |---

Strain TION

Laminated Plate| *SHELL SEC- | <= Type152 | < +Type |R(1-60) <& +ESYSY® |[RCONST (1,3 | <=
TION 1628 62)10

Parabolic *SHELL SEC- |2 R(1-37-913- | < + RCONST (1,3- |<a

Laminated Plate| TION 15..)% ESYS®2L | 62)10

Axisymmetric |*SOLID SEC- | <P Type 4’ = none ESYS!® RCONST(2) |¢& Dataset 2437 | &3+ (789) | Type 4’ =
TION

Parabolic *SOLID SEC- | < none ESYS RCONST (2) | Dataset 2437 | <73+ (789) |---

Axisymmetric | TION

Solid *SOLID SEC- | < Type5, =" ESYS 15 RCONST (1-9) | <= Dataset 2437 | <73+ (789) |Type5, &
TION Type 9* Type 8*

Parabolic Solid |*SOLID SEC- | <@ ESYS 15 RCONST (1-9) | <= Dataset 2437 | <73+ (789) |Type8®
TION

cl-L
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T NASTRAN MARC PATRAN LS-DYNA3D STARDYNE WECAN
Write Read Write Write Read Write Write Read Write
Membrane PSHELL12 & GEOMETRY Packet 4 = *SECTION_SHELL on Elem = Thick, V11
+PTRMEM,
PQDMEM,
PQDMEMI,
PQDMEM2
Parabolic PSHELL'? = GEOMETRY Packet 4* &
Membrane
Bending PSHELL12 <F+PTRPLT, | GEOMETRY Packet 4* & on Elem & Thick, V11
PQDPLT
Parabolic PSHELL12 & GEOMETRY Packet 4% ="
Bending
Plate PSHELL'? <F+PTRIAL, | GEOMETRY Packet 4% & SECTION_SHELL on Elem & Thick, V11°
PQUADI,
PTRIA2,
PQUAD2
Parabolic Plate |PSHELL12 = GEOMETRY Packet 4* ="
Plane Strain PSHELL, = GEOMETRY Packet 4* =" *SECTION_SHELL on Elem® =" Angle
PLPLANE™?
Parabolic Plane | PSHELL, & GEOMETRY Packet 4% & Angle
Strain PLPLANE"?
Laminated Plate| PCOMP!3 & GEOMETRY *SECTION_SHELL QCSTAK, (=
COMPOSITE *INTEGRATION_RULE | QCBLOC® QCSTACK?
Parabolic PCOMPL3 & GEOMETRY
Laminated Plate COMPOSITE
Axisymmetric |PLPLANE & GEOMETRY Packet 4* & *SECTION_SHELL none none Angle
Parabolic PLPLANE = Packet 4* =" Angle
Axisymmetric
Solid PSOLID™ = GEOMETRY Packet 4* =" *SECTION_SOLID none none none*
(+PIHEX-Cos-
mic), PLSOLID
Parabolic Solid |PSOLID = Packet 44 =" none?
(+PIHEX-Cos-
mic), PLSOLID

3|gel uone|suel] ayl
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I ABAQUS ALGOR ANSYS COSMOS I-DEAS MmTAB/SAP IV
Write Read Write | Read Write Read Write Read Write Read Write Read
Mass *MASS, = Load Mass!| <o R (1-6) (=] RCONST (1-6) | &= Dataset 2437 | <™3+(789) |Load Mass™ | <o
*ROTARY
INERTIA
Mass Matrix ~ [--- Load Mass!®| as Mass R (1-78)% R (1-6, Load Mass!® |asMass
13-17,
24-27,
34-36,
43,44,51) 1520
Rigid none none Type 132 | o none none none none none none ---
Stiffness Matrix |- Type10® | <& R (1-78)1 R (1-6, RCONST (1- | <7 Dataset 2437 | <73+ (789) |---
13-17, 78)7
24-27,
34-36,
43,44,51) 15
SlideLine - - -
Materials
Isotropic *MATERIAL, |*MATERIAL, with =" EX, GXY, (C MPROP (EX, | <14 Dataset 1710 | <4 with Elems’® | ¢
*ELASTIC *ELASTIC (1SO), |Elems'® NUXY, DENS, | MPDATA, | GXY, NUXY,
(1S0), *EXPANSION, ALPX, DAMP, | MP16 DENS, ALPX,
*EXPANSION, |*DENSITY, *SPE- TREF, KX, C, SIGXT,
*DENSITY, CIFIC HEAT, REFT(RS5), SIGXC,
*SPECIFIC *DAMPING, KXX, C, SIGXYT,
HEAT, * DAMP-|*CONDUCTIV- MPTEMP, SIGXYC),
ING *CON-  |ITY,*PLASTICS, TB(BKIN, TREF
DUCTIVITY, |*DRUCKER MKIN, MISO,
*PLAS PRAGER, BISO, DP,
TIC*CREEP, |*DRUCKER MELAS)
*DRUCKER | PRAGERH
PRAG *MOHR COU-
*PLASTIC LOMB,*MOHR-
*MOHR COU- | COULOMBH
LOMB

vi-L
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T NASTRAN MARC PATRAN LS-DYNA3D STARDYNE WECAN
Write Read Write Write Read Write Write Read Write
Mass on Elem @ MASSES Packet 4% @ *ELEMENT_MASS onWGHT @ Mx, My, Mz, Ixx,
lyy, 12210
Mass Matrix | on Elem = MASSX 2
Rigid none none none -—- -—- BPROP6 & nonelt
Stiffness Matrix | - MADDX?*
SlideLine BFRIC, BOUT- |---
PUT, BWIDTH
Materials
|sotropic MAT1, MAT4, | <+ ISOTROPIC Packet 3 = ELASTIC MATLG = EX, NUXY,
MATTL, TABLEM1, |WORK HARDENING ISOTROPIC_ELASTIC_P DENS, ALPX,
MATT4, TABLEM3 | TEMPERATURE LASTIC KDAM1415
TABLEM2%5 EFFECTS PLASTIC_KINEMATIC
CREEP, STRAIN RATE ELASTIC_PLASTIC_THE
MATSL, RMAL
TABLESL,
TABLEST
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s=AE ABAQUS ALGOR ANSYS COSMOS I-DEAS MmTAB/SAP IV
Write Read Write | Read Write Read Write Read Write Read Write Read
Orthotropic -2D | *MATERIAL, |*MATERIAL, with = EX, EY, GXY, | & + MPROP (EX, |14 Dataset 1710 | <4 with Elems®® | ¢
*ELASTIC *ELASTIC (LAM-| Elems!® NUXY, DENS, |MPDATA, | EY, GXY,
(LAMINA), INA), *EXPAN- ALPX, ALPY, | MP630 NUXY, DENS,
*EXPANSION, |SION,*DENSITY, DAMP, TREF, ALPX, ALPY,
*DENSITY, * SPECIFICHEAT, REFT(R5), KX,KY,C,
*SPECIFIC *DAMPING, KXX,KYY,C, SIGXT,SIGXC,
HEAT, *DAMP-| * CONDUCTIV- MPTEMP® SIGYT,SIGYC,
ING *CON-  |ITY,*PLASTIC, SIGXYT,SIGX
DUCTIVITY |*DRUCKER YC), TREF
DUCTIVITY, |PRAGER,
*PLAS- *DRUCKER
TIC*CREEP, |PRAGERH
*DRUCKER  |*MOHR COU-
PRAG LOMB,*MOHR-
*MOHR COU- |COULOMBH
LOMB
Orthotropic -3D | *MATERIAL, |*MATERIAL, with & EX,EY,Ez, |+ MPROP (EX, |14 Dataset 1710 | &4 with Elems'® | <
*ELASTIC *ELASTIC Elems'® GXY,GYZ, |MPDATA, |EY,EZ GXY,
(ENGR (ENGINEERING GXZ, NUXY, |MpPL6:30 GYZ, GXZ,
CONST), CONSTANTS, NUYZ, NUXY, NUYZ,
*EXPANSION, |ORTHRO), NUXZ, DENS, NUXZ, DENS,
*DENSITY, *EXPANSION, ALPX, ALPY, ALPX, ALPY,
*SPECIFIC *DENSITY, *SPE- ALPZ DAMP, ALPZ KX, KY,
HEAT, *DAMP-| CIFIC HEAT, TREF, Kz, C, SIGXT,
ING *CON-  |*DAMPING, REFT(R5), SIGXC, SIGYT,
DUCTIVITY, |*CONDUCTIV- KXX, KYY, SIGYC,
*PLASTIC, ITY, *PLASTICS, Kzz,C, SIGXYT,
*CREEP, *DRUCKER MPTEMP® SIGXYC),
*DRUCKER  |PRAGER, TREF
PRAG *DRUCKER
*MOHR COU- | PRAGERH
LOMB *MOHR COU-
LOMB,*MOHR-
COULOMBH
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e NASTRAN MARC PATRAN LS-DYNA3D STARDYNE WECAN
Write Read Write Write Read Write Write Read Write
Orthotropic -2D | MAT8, MAT5, | <= + ORTHOTROPIC Packet 3 @ ORTHOTROPIC_ MATLGL, @ EX, EY, NUXY,
MATTS, TABLEM1, |WORK HARDENING ELASTIC MATLG2, GXY, ALPX,
TABLEM2'® |TABLEM3 |TEMPERATURE COMPOSITE_DAMAGE |MATLG3, ALPY, DENS,
EFFECTS MATLGA4, KDAM1415
STRAIN RATE MATLGSJ'S
Orthotropic -3D | MAT3, MAT5, | <= 9% ORTHOTROPIC Packet 3 @ ORTHOTROPIC_ MATLGL, @ EX, EY, EZ,
MATTS3, TABLEM1, |WORK HARDENING ELASTIC? MATLG2, NUXY, NUYZ,
MATTS. TABLEM3 | TEMPERATURE COMPOSITE_DAMAGE |MATLG3, NUXZ, GXY,
TABLEM2%7 EFFECTS MATLG6 GYZ, GXZ,
STRAIN RATE ALPX, ALPY,
ALPZ, DENS,
KDAM 14,15
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T ABAQUS ALGOR ANSYS COSMOS I-DEAS MmTAB/SAP IV
Write Read Write | Read Write Read Write Read Write Read Write Read
Anisotropic -2D |*MATERIAL, |*MATERIAL, with = EX, EY, GXY, |--- MPROP (MCij, | @14 Dataset 1710 | <4 with Elems®® | ¢
*ELASTIC *ELASTIC Elems'® NUXY, DENS, DENS, ALPX,
(ANISO), (ANISO), ALPX, ALPY, ALPY, KX, KY,
*EXPANSION, [*EXPANSION, DAMP, TREF, C, SIGXT,
*DENSITY, *DENSITY, *SPE- REFT(R5), SIGXC, SIGYT,
*SPECIFIC CIFIC HEAT, KXX,KYY, C, SIGYC,
HEAT, *DAMP-| *DAMPING, TB(BKIN, SIGXYT,
ING *CON-  |*CONDUCTIV- MKIN, MISO, SIGXYC),
DUCTIVITY, |ITY,*PLASTIC!, BISO, DP, TREF®
*PLAS *DRUCKER MELAS),
TIC*CREEP, |PRAGER, MPTEMP>30
*DRUCKER  |*DRUCKER
PRAG PRAGERH
*PLASTIC *MOHR COU-
*MOHR COU- |LOMB,*MOH,
LOMB RCOULOMBH
Anisotropic -3D | *MATERIAL, |*MATERIAL, with = EX,EY,EZ, |-- MPROP ( MCij, | <714 Dataset 1710 | <4 with Elems’® | &
*ELASTIC *ELASTIC Elems'® GXY, GYZ, DENS, ALPX,
(ANISO), (ANISO), GXZ, NUXY, ALPY, ALPZ
*EXPANSION, [*EXPANSION, NUYZ, KX, KY, Kz, C,
*DENSITY, *DENSITY, *SPE- NUXZ, DENS, SIGXT, SIGXC,
*SPECIFIC CIFIC HEAT, ALPX, ALPY, SIGYT, SIGYC,
HEAT, *DAMP-| *DAMPING, ALPZ SIGXYT,
ING *CON-  |*CONDUCTIV- DAMPTREF, SIGXYC),
DUCTIVITY, |ITY,*PLASTICS, REFT(RS), TREF®
*PLAS *DRUCKER KXX, KYY,
TIC*CREEP |PRAGER, Kzz,C,
*DRUCKER  |*DRUCKER TB(BKIN,
PRAG PRAGERH MKIN, MISO,
*MOHR COU- |*MOHR COU- BISO, DP,
LOMB LOMB,*MOHR- MELAS),
COULOMBH MPTEMP>30
Hyperelastic ~ [*HYPERELAS- | <417
TIC
OTHER *HYPERELA- | < -
SITIC,OGDEN
(200)
*HYPER-
FOAM(201)
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T NASTRAN MARC PATRAN LS-DYNA3D STARDYNE WECAN
Write Read Write Write Read Write Write Read Write
Anisotropic -2D | MAT2, MAT5, | < + ANISOTROPIC Packet 3 @ ANISOTROPIC_ MATLGL, as Eij or Aij, Bij,
MATT2, TABLEM1, |WORK HARDENING ELASTIC MATLG2, Ortho Dij, and ALPX,
MATTS, TABLEM3 | TEMPERATURE MATLGS3, ALPY, ALPZ,
TABLEM2%5 EFFECTS MATLG4, DENS,
CREEP, STRAIN RATE MATLG5!® KDAM415
MATSL,
TABLESL,
TABLEST
Anisotropic -3D | MAT9, MAT5, |+ ANISOTROPIC Packet 3 = ANSIOTROPIC_ MATLGL, as Eij or Aij, Bij,
MATTS, TABLEM1, |WORK HARDENING ELASTIC? MATLG2, Ortho Dij, and ALPX,
MATTS, TABLEM3 | TEMPERATURE MATLGS3, ALPY, ALPZ,
TABLEM2, EFFECTS MATLG6™ DENS,
CREEP, STRAIN RATE KDAM415
MATSL,
TABLESL,
TABLEST
(Cosmic-MAT6)
Hyperelastic ~ |MATHP MOONEY
Other OGDEN (300) *MAT (1 to 126)°
FOAM(301)
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s=AE ABAQUS ALGOR ANSYS COSMOS I-DEAS MmTAB/SAP IV
Write ‘ Read Write ‘ Read Write ‘ Read Write ‘ Read Write ‘ Read Write ‘ Read
Functions
All *AMPLITUDE ‘@15 ‘ ‘ CURDEF ’c:. ’ ’
Constraints
Nodal *BOUNDARY | onNodes | D (=0.), M 1718 DND (=0.), DND (=0.)Y| Dataset 791 &5 on Nodes =
RFND8
Equation *EQUATION | <= CE 19 CcPEQNY =k Dataset 754 6
Nodal Loads
Forceand *CLOAD = Load Mass*’| <o F 18 FND = Dataset 790 &7 Load Mass? | ¢
Moment
Displacement  |*BOUNDARY, | <o Type7Ele- | <& D (not 0.) {1718 DND DND (not  |--- Type7Ele |
TYPE=DIS ment (not 0.), 0.)1215 ment
PLACEMENT RFND1218
(not 0.)
Velocity *BOUNDARY, | <
TYPE=VELOC-
ITY
Acceleration  [*BOUNDARY, | <=
TYPE=ACCEL-
ERATION
Temperature  |*BOUNDARY | < on Nodes!’ | =19 T(R4), =" NTND and INI- | ¢&2 Dataset 792 &7 onNodest’ | <719
(DOF 11), BF(R5)%® TIAL,TEMP
*TEMPERA-
TURE
Heat Generation|--- BF(HGEN) |<= QND &
Heat Flux *CFLUX F(HEAT) =
Nonlinear ---
Transient

02-L
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e NASTRAN MARC PATRAN LS-DYNA3D STARDYNE WECAN
Write ‘ Read Write Write ‘ Read Write Write ‘ Read Write
Functions
All |- [ [ [ [*DEFINE_CURVE [-- [-- [
Constraints
Nodal SPC, ASET, <& +SPC1, |FIXED DISP Packet 8° = *BOUNDARY_ RESTG, e Series9.1
BSET, CSET, |ASET1, DISP CHANGE SPC_NODE BOUNG, RESTGADD
QSET, OMIT, |BSET1, GUYAN BOUNGADD
SUPORT16 CSET1, GUYANADD
QSET1,
OMIT1,
SUPORT1
Equation MpCY’ = SERVO LINK *CONSTRAINED Series 7.3
LINEAR?
Nodal Loads
Force and FORCE, G+ POINT LOAD Packet 7 & *LOAD_NODE_ CONC <7 + CONCG, | Series 9.2
Moment MOMENT FORCEL, POINT CONCGBL
MOMENT1
Displacement | SPCD® = FIXED DISP Packet 8 = *BOUNDARY _ DISPG [ Series 9.12
TIC DISP CHANGE PRESCRIBED_ DISPGEN
MOTION
Velocity TIC INITIAL VELO *BOUNDARY _
PRESCRIBED_
MOTION
INITIAL_VELOCITY_NO
DE
Acceleration |- FIXED ACCE *BOUNDARY_
PRESCRIBED_
MOTION
Temperature | TEMP, & POINT TEMP Packet 10 | <o *INITIAL_TEMPERATUR | --- Series 9.41°
Heat Transfer INITIAL TEMP E_LOAD
SPC, TEMPBC *LOAD_THERMAL_CON
STANT_NODE
Heat Generation| SLOAD Series 9.4
Heat Flux QHBDY Series 9.2
Nonlinear NOLIN1thru4, |---
Transient TF

3|gel uone|suel] ayl
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s=AE ABAQUS ALGOR ANSYS COSMOS I-DEAS MmTAB/SAP IV
Write Read Write | Read Write Read Write Read Write Read Write Read
Elemental Loads
Distributed *DLOAD(PX, = on Elems & SFBEAM & PEL & on Elems &
Load PY, PZ, P1, P2)
Pressure *DLOAD (P) | onElems!” | & EP(R4), =" PEL 16 Dataset 790 &7 onElems’ | &
SFE(R5)28
Temperature |- on Elems!’ | <19 TE(R4), = onElems’ | <19
BFE(R5)%"
Heat Generation| *DFLUX(BF) |- BFE(HGEN) |<a QEL &
Heat Flux *DFLUX(Sn) |- SFE(HFLUX) |- HXEL &
Convection *FILM SFE(CONV) | ... CEL &
Radiation *RADIATE REL @
Body Loads
Translational  [*DLOAD & Element e ACEL @ ACEL @ Dataset 790 &8 Element Load | &'19
Acceleration | (GRAV) Load Multi- Multipliers ¥
pliers 17
Rotational *DLOAD & DCGOMG & DCGOMEGA | <o Dataset 790 &
Acceleration (ROTA)
Rotational *DLOAD & Centrifuga | <& CGOMGA & CGOMEGA & Dataset 790 & Centrifugal &
Velocity (CENT) Load!’ Load™”
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T NASTRAN MARC PATRAN LS-DYNA3D STARDYNE WECAN
Write Read Write Write Read Write Write Read Write
Elemental Loads
Distributed PLOAD1 @ DISPLOADS (1,2,3) Packet 6 @ LOAD_BEAM_ BMLOAD Series9.3
Load ELEMENT
Pressure PLOAD, @ DISPLOADS Packet 6 @ *LOAD_SEGMENT TPRS, QPRSN, | <7 + QPRS?! | Series9.3
PLOAD2, *LOAD_SHELL_ CPRS?
PLOAD3, ELEMENT
PLOADA4,
PLOADX1'°
Temperature | TEMPRB, & Packet 11 & BMTEMPG, |+ Series 9.4%°
TEMPP1%° TPTEMP, BMTEMP!®
QPTEMP,
CUTEMP!®
Heat Generation| QVOL Series 9.4
Heat Flux QBDY1
Convection CONYV, Series 9.3
CONVM,
PCONV,
PCONVM
Radiation RADBC,
RADM,
RADMT,VIEW,
VIEW3D, RAD-
CAV, RADSET
Body Loads
Translational | GRAV @ DISP LOADS (102) LOAD_BODY_X5 ACCEL(-1) @ Series9.0.1
Acceleration LOAD_BODY_Y
LOAD_BODY_Z
Rotational RFORCE? = ACCEL(-1) ="
Acceleration
Rotational RFORCE? = DISP LOADS (103) LOAD_BODY_RX® ACCEL(0) & Series 9.0.11%
Velocity LOAD_BODY_RY
LOAD_BODY_RZ
*INTIAL_VELOCITY_
GENERATION
Rotation Origin | RFORCE & ROTATION A On Above ACCEL(0) &

3|gel uone|suel] ayl

€ec-L



s=AE ABAQUS ALGOR ANSYS COSMOS I-DEAS MmTAB/SAP IV
Write Read Write | Read Write Read Write Read Write Read Write Read
Rotation Origin |--- Centrifugal | <& CGLOC & CGLOC & Dataset 790 & Centrifugal &
Load?” Load’
Default *INITIAL = on Nodest’ | TUNIF (C TUNIF = Dataset 792 = onNodest” | &
Temperature CONDITIONS, BFUNIF,
TYPE=TEM- TEMP(R5)
PERATURE,
VELOCITY
Heat Transfer |*PHYSICAL |-
CONSTANTS
Miscellaneous
RMODIF @
CONTACT CONTA171,
CONTA172,
CONTA173,
CONTA174,
TARGE169,
TARGE170,
ko[2,4-9,11-
12]31
*NSET, *NSET, *ELSET, CSYS, MAT, REAL, ET, ACTSET (ECS, EG MP, RC, | Dataset 164
*ELSET, *RIGID SUR- KEY OPT, TYPE, ESYS® CS,LC,TC,TP), EGROUP
*SLIDE LINE, |FACE <& +NUMSTR (demonly) | <&
*INTERFACE,
*RIGID SUR-
FACE, *VER-
TEX, *PATCH
*ORIENTA- | *ORIENTATION Rev 4 only:
TION,*NOR- RSIZE, CPSIZE, CESIZE
MAL
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= NASTRAN MARC PATRAN LS-DYNA3D STARDYNE WECAN
Write Read Write Write Read Write Write Read Write
Default TEMPD = - CTRL & Series 9.0.11°
Temperature
Heat Transfer |PARAM,TABS |---
and SIGMA
Miscellaneous
CONTACT CONTACT *CONTACT
CONTACT NODE *DEFINE_BOX
CONTACT TABLE *DEFORMABLE_
TO_RIGID
CHBDYP, DEFINE *CONTROL
CHBDYG, END OPTION _SOLUTION
PHBDY, CONTINUE _TERMINATION
TLOAD1, DYNAMIC *DAMPING
DLOAD, RECOVER _GLOBAL
LOADZ MODAL SHAPE _PART_STIFFNESS
EIGR, EIGRL CONTROL, SOLVER ~ |---
AUTO INCREMENT®
PARAM - GRDSET, |PLASTICITY, *SET
AUTOSPC, BAROR, ELASTICITY, _SOLID_LIST
GRDPNT BEAMOR, |LARGEDISP _SHELL_LIST
PARAM- | UPDATE, _PART_LIST
WTMAsss |ELASTIC _NODE_LIST
_BEAM_LIST
TSTEPNL, TIE, DIST LOADS, Packet 25 -Title, Packet 26 - | *DATABASE ENDGEOM, START, TITLEL,
NLPARM, SIZING, Summary _BINARY_D3PLOT TITLE2, TITLE3, TITLE4,
NLPCI, FREQ, FOLLOW FOR, @ _BINARY_D3THDT TITLES5,
RLOAD2, PROCESSOR _NODOUT ENDCASE, OPTION, OUT-
TLOAD1, ELSO _ELOUT PUT, TAPEAG, ALLDONE,
DPHASE, SETNAME, _HISTORY ENDMODEL
LSEQ, TITLE
TABDMP1 SHELL SECT,
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SEVE ABAQUS ALGOR ANSYS COSMOS |-DEAS MTAB/SAP IV
Write Read Write | Read Write Read Write Read Write Read Write Read
*STEP, *END |*STEPR, *END Rev 4. LWRITE, TEDELE, TIMES, TOFFSET,
STEP, *AMPLI-| STEP, *AMPLI- TDELE, FDELE, EPDELE, SB_CONST
TUDE, TUDE, DDELE, CEDELE
*VISCO, Rev 5: BFEDELE,BFDELE,
*STEADY FDELE, SFEDELE,DDELE,
STATE CEDELE
DYNAMICS, <ERev4: LWRITE
*MODAL Rev5: LSWRITE, SOLVE
DYNAMIC,
*DYNAMIC
*HEADING, *INCLUDE Header, Master Control, /PREP7, INOPR, /GOPR, / TITLE, DATA_CHECK, Header, Master Control,
*STATIC, Mode Shapes & Freq., VIEW, /ANGLE, TOTAL, RENUMBER,PRINT_OPS, Mode Shapes & Freq.,
*FRE- FINISH STRESS, A_STATIC,
QUENCY, Rev 4. A_STRESS, A_FRE-
*BUCKLE,*EL KAN, ITER, AFWRITE QUENCY, R_STATIC,
PRINT, *NODE Rev 5. R_FREQUENCY,
PRINT, *FILE ANTYPE, OUTPR, OUTRES |A_BUCKLING,
FORMAT, *EL R_BUCKLING HT_SOLN,
FILE, *NODE HT_OUTPUT,
FILE A_THERMAL,
R_THERMAL

9¢-L
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NASTRAN MARC PATRAN LS-DYNA3D STARDYNE WECAN

FEMAP : : : - : :
Write Read Write Write Read Write Write Read Write
BEGIN BULK, ENDDATA, EXTENDED, STATIC, HQR, INVITR,
Executive and Case Control $NOLIST DYNAMIC
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7-28 Translator Reference

Entity Translation Notes

The following subsections provide additional information for each of the translators
described in the previous table.

7.1.1 ABAQUS Translation Notes

1. Nodal coordinates are always written by FEMAP in the Global Cartesian coordinate sys-
tem, no matter how they are defined in FEMAP. However, if output coordinate systems
are selected, additional * TRANSFORM commands are written to properly orient the
degrees of freedom.

2. Beam/Bar offsets are supported, but all offsets at both ends of the element must be equal,
and they must not have any components along the length of the beam. Nonstructural mass
and tapered beams are likewise not supported. Beam/Bar offsets can only be applied to
ABAQUS 3-D beam elements.

3. Solid elements can use coordinate systems to orient their material axes, and Mass ele-
ments use coordinate systemsto orient their inertial axes. The coordinate systems that you
pick are written as* ORIENTATION commands. You should not typically use spherical
coordinate systems for this purpose because the ABAQUS spherical degrees of freedom
are different than the FEM AP degrees of freedom.

4. Rod elements do not support torsional properties or nonstructural mass.

ABAQUS Link Elements C1D2 and C1D2H were replaced by the TnDn series of Truss
elementsin ABAQUS v5.4. C1D2 and C1D2H elements will only be written if pre-ver-
sion 5.4 format is checked.

5. Tube and Curved tube elements do not support nonstructural mass.
6. Spring/Dashpot elements are axial only - torsional springs/dampers are not supported.

FEMAP Spring and FEMAP DOF Spring Elements must be defined in one of two ways.
Elements that reference a property card with a non-zero stiffness value (property written
as* SPRING) will be written as ABAQUS Spring Elements. Elements that reference a
property with zero stiffness and non-zero damping (property written as* DASHPOT) will
be written as ABAQUS Dashpot Elements. Both Spring and Dashpot properties are not
supported on the same property card. DOF Springs can be used to connect any degrees of
freedom.

7. Gap friction can be specified. It istrandated to GAP FRICTION ANISOTROPIC.
8. Nonstructural mass is not supported for membrane, plate or laminate elements.

9. Plot Only and Plot Planar elements are only trandlated if they are selected as part of acon-
tact segment (rigid), slide line, rigid surface or rigid body.

10. The symmetric laminate flag is not supported. All laminate plys must be specified
directly in FEMAP.

11. Mass element must be defined in one of two ways - either pure mass, or pure inertia.
Elements that are defined with aMassX term will be translated to * MASS commands.
Other mass elements will be translated to *ROTARY INERTIA commands. In either
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case, only MassX, 111, 122 and 133 terms are supported - other entries are skipped.

12. Beam Releases are only supported in the Elemental Rotational Degrees of Freedom.
Also, DOF 5 in FEMAP correspondsto M2 in ABAQUS and DOF 6 corresponds to M 3.

7.1.2 ALGOR Translation Notes

1. Nodal coordinates are aways written by FEMAP in the Global Cartesian coordinate sys-
tem. Algor does not support Output Coordinate Systems. There is no way to rotate nodal
degrees of freedom. You will receive an error message for any node that references a non-
zero Output Coordinate System. All coordinate systems are supported when you read an
Algor model.

2. Tapered Beam Elements are not supported by Algor. Only thefirst end of the element will
be considered.

3. FEMAP nonisotropic materials can be used to define the three thermal expansion coeffi-
cientsfor Type 2 elements. FEMAP only uses the first fiber location to cal culate the sec-
tion moduli for Algor. All other fibers are ignored. FEM AP does not support Fixed End
Force or Intermediate L oad data for Type 2 elements, other than the thermal (TL and TN)
loads.

4. Algor Type 5 Elements only support isotropic materials. Other FEM AP material types
will be converted to an effective isotropic representation. You should review this approx-
imation carefully.

5. Algor does not support tetrahedral (4-noded) Type 5 elements, these will be translated as
Type 9. Both 8-noded bricks and 6-noded wedges will be translated as Type 5 elements.
FEMAP supports uniform face pressures, but does not support hydrostatic pressure.
FEMAP can not write pressure |oads for more than one face of a single solid element.

6. FEMAP does not support writing pressures for Type 3 or Type 4 el ements, since these are
edge, not face, pressures. During Read, FEMAP converts any edge pressures to equiva
lent nodal forces.
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7. Algor only supports an orthotropic material formulation for Type 3 and Type 4 elements.
FEMAP will convert any anisotropic materials to an equivalent orthotropic representa-
tion. You should review this approximation carefully.

8. Algor does not support any orientation angles for Type 6 elements. If you use nonisotro-
pic materials with this element type, FEMAP will write the material constants, but will
give you an error message. You must make sure that the constants are properly oriented.
Element orientation angles are simply ignored.

9. FEMAP's Stiffness Matrix element only allows entry of a 6x6 matrix. This is automati-
cally expanded to a 12x12 during trandlation to the Type 10 element. The expansion how-
ever does not take into account the geometric transformations required for non-coincident
nodes. You will therefore receive awarning for each Stiffness Matrix element that you
translate which connects non-coincident nodes. When reading these elements, you will
receive an error message if the 12x12 real constants are not equivalent to the internal 6x6
representation.
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10. FEMAP writes Tube elements as Type 12. These elements only support isotropic mate-
rials. FEM AP does not support internal pressure on tubes, curved tubes, or branching
tubes. You can simulate the weight of an internal fluid by defining a nonstructural mass
property. This mass is added to the material density when the property is written.

11. Algor only supports simple tension or compression gaps, with an initial gap that is either
zero or the distance between the nodes. You can specify both tension and compression
stiffness, and an arbitrary initial gap, in FEMAP. FEMAP will try to match your gap ele-
ment to one of the available types. If it does not match, you will receive error messages.

12. All Rigid elements must be written in the first element group. FEMAP will therefore
find al rigid elementsin your model and write them into the first group. FEMAP uses
Mass Matrix Option 4. This uses very stiff massless beams for the rigid elements. You
may want to review and change this selection.

13. Algor only supports one stress free temperature per element group. You will receive an
error if you have different material temperatures defined for various elements in the same

group.
14. All Mass elements must be defined at a Node, in global coordinates. Offsets are not sup-

ported. Inertias are not written for static analysis. For modal analysis the moments of iner-
tiaare written, but the products of inertia are skipped.

15. All Mass Matrix elements will generate error messages to warn you that only the diago-
nal terms of the matrix can be used for Algor. You will see these errors even if the off-
diagonal terms are zero.

16. Algor supports different material types for each element type. Refer to the Algor docu-
mentation, and the element portion of this table, for the types of materials supported. If
you use a material typethat is not available, FEMAP will approximate it with the avail-
able materia type. These approximations can not fully represent the desired material
behavior. You should always review your model carefully if you get this type of error
message.

17. FEMAP usesthe Algor Element Load Cases A, B, and C for gravity loads. Element
Load Case D is used for both Temperature and Pressure Loads. You can only select one
load case for Temperatures and one load case for Pressures. Forces, Moments, and other
loads are written from all load cases, as they are defined in your model.

18. Master Nodes for Beams are not supported, but coordinates may be specified in any of
the available coordinate systems.

19. FEMAP does not support al possible Elemental L oad Factor combinations. FEMAP can
only apply gravity loadsto an entire model. You must therefore have a consistent set of
gravity load factors for all element groups. Thermal load factors must also be consistent
across groups, and in addition, must be either 0.0 or 1.0. FEMAP can not apply fractional
thermal loads. Thermal load multipliers must also be 0.0 or 1.0. Elemental thermal |oads
on beams, which are included as part of the intermediate |oads can not be read, even
though they can be written.

20. Because of the differencesin the way Algor and FEM AP handle temperatures, you must
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7.1.3

only specify one stress free temperature per Algor material. FEM AP does not support any
of the element data generators. If you have these, use Algor to expand the model.

21. Beam Fixed End Forces are not supported. | ntermediate L oads are also not supported,
except for “TN”, temperature from nodes, and constant value “TL”" loads.

22. Temperature dependent material properties are not supported.
23. Midnodes and “thru-thickness” temperature gradients are not supported.

24. FEMAP can only read the format of stiffness matrix elements that it writes. That is, ele-
ments connected to six degrees of freedom at each of two nodes. When FEMAP reads
these elements, it simply reads the upper-left 6x6 and discards the rest of the 12x12.

25. FEMAP can only read the tangential and curve tube elements that it writes. Branch point
data is not supported. Internal pressure and temperature dependent material properties at
also not supported.

26. FEMAP only supports Rigid elements that reference 20 nodes or less.

27. When FEMAP reads Type 7 elements, it will create enforced displacements. In addition,
if the spring stiffness is not zero (or blank), FEMAP will create a Rod element, and a fully
constrained node, to represent the specified stiffness.

28. FEMAP supports Algor thin composite plates with the following restrictions. No core
layer is supported. The Failure analysis code is always written as 1 (Tsai-Wu). The Minor
Poisson's ratio (v21), and the F12 and core crushing allowable stresses, are writte
and completely ignored by the read translator. Likewise the temperature difference
curing (DTCUR) is written as 0.0 and ignored on read. Additionally, laminates can o
contain up to 45 plys - the maximum that FEMAP can handle. In addition to the sup
for Type 15 elements, the read translator will also read Type 16 elements. All core i
mation will be lost however, and if you write them back to Algor they will become T
15.

29. ALGOR plate properties are always written as anisotropic matrix properties. When
ing an ALGOR model, FEMAP will automatically convert the properties back to isot
pic, if the matrix formulation matches that for an isotropic material

ANSYS Translation Notes

1. FEMAP defines the directions of nodal degrees of freedom using an output coordinate
system. At each node, the directions of the nodal degrees of freedom in the output coordi:
nate system are used to calculate nodal rotations (on N or NROTAT) for ANSYS.

FEMAP supports either the ANSYS Rev 4 or Rev 5 angle definition. FEMAP Permanent
constraints are merged with the nodal constraints in each constraint set translated.

SHOLVISNE 1,

2. For Beam (STIF44) elements, Keyopts 3 and 4 are used to represent the FEMAP Beam
Releases in ANSYS Rev 4. Only the elemental rotational degrees of freedom can be
released. In ANSYS Rev 5, Keyopts 7 and 8 are used and any combination of DOF can be
released. Releases on translational DOF will generate a warning. Releases on Bar ele-
ments (STIF4) are not supported. These elements should be converted to Beams, or if
possible modify the properties to eliminate the stiffness in the released direction. For Rev
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5, FEMAP will translate nonstructural mass to and from the additional mass real constant.

3. FEMAP orients the material coordinate system for planar elements using a specified
angle for each element. Certain elementsin ANSY S do not readily support this approach.
For the Shear (STIF28), Plane Strain and Axisymmetric (STIF42, STIF82 and STIF2)
elements, FEM AP does not support elemental material angles. For these elements, you
must enter all material propertiesin global coordinates. ANSY S does not recommend
using triangular ST1F42 elements. You should convert to triangular STIF82 (parabolic)
elements, or use the linear triangles with great care.

4. When FEMAP writes a GAP (STIF52) property which has a coefficient of frictionaMU
command is written. Only the Y-direction coefficient of friction is used. You will receive
an error message if you specify adifferent coefficient of frictioninthe Y and Z directions.
The MU command is not supported by the read translator and al friction will be ignored.
FEMAP will write compression stiffness, gap distance, and transverse stiffness for gap
elements. You will receive an error message if you specify a nonzero tension stiffness
sinceit is not supported by STIF52. The starting condition is not supported and is left
blank. It will be skipped by the read translator.

5. When Anisotropic materials are translated to ANSY S, the full matrix representation that
you input islost. The matrix input is converted to an effective orthotropic representation
prior to translating. You should review this approximation carefully.

6. FEMAP does not support elliptical coordinate systems, or the elliptical factors on the
LOCAL command. FEMAP does support the differences in angle definitions between
ANSY S Rev 4 and Rev 5. ANSY S Coordinate Systems must be numbered between 11
and 40 for ANSY SRev 4, or 11 and 999999 for ANSY S Rev 5. Other Coordinate systems
are not supported for translation. Also, note the difference between ANSY S Spherical
Coordinate systems and FEMAP Spherical Coordinate systems. The angular coordinates,
and therefore, the degrees of freedom, are switched, and reoriented. For al entitieswhich
FEMAP handles in spherical coordinates, the differences are automatically corrected for
you, but the switches can lead to confusion. It is often best to avoid spherical coordinates,
if possible.

7. DOF Spring elementsin ANSY S (STIF14) must connect to the same DOF at both nodes.

8. Thiselement is not recommended. It is only supported in ANSY S Rev 4, it has been
dropped from Rev 5. Use the Parabolic Laminated Plates (STIF91) instead.

9. FEMAP supports material angle definition for each element but ANSY S defines these
angles with Real Constants. A model with an irregular mesh (many different angles) will
have to generate many sets of real constants. You should use this capability with caution.
For Laminate Plates, any material orientation angle specified for the element is combined
with the angles specified for each layer when the real constants are defined.

10. When you translate for ANSY S Rev 4, Mass Elements must be defined in Global Coor-
dinates unless they are specified as a pure lumped mass. That is, massin all directionsis
the same, and thereis no inertia. If specified, mass offsets and products of inertia are
skipped. For ANSY S Rev 5, they can also be defined in the output coordinate system of
the node where they are located.
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11. FEMAP's Stiffness Matrix element only allows entry of a 6x6 matrix. Thisis automati-
cally expanded to a 12x12 during translation to the STIF27 real constants. The expansion
however does not take into account the geometric transformations required for non-coin-
cident nodes. You will therefore receive awarning for each Stiffness Matrix element that
you translate which connects non-coincident nodes. When reading these elements, you
will receive an error message if the 12x12 real constants are not equivalent to the internal
6x6 representation.

12. FEMAP Reads the normal EN command format as well asthe E command format. The
NUMSTR,ELEM command is a so supported to define the element ID for the E com-
mand. |n addition to these normal PREP7 commands, FEM AP al so supports avariation of
the EN command that is generated by the CDWRIT command. The format of this varia-
tionis:

EN, 4. 4, 1, 1, 1, 1, 1, 0, 0
1 2 3 4 5 6 7 8 9 10
11 12 13 14 15 16 17 18 19 20
where the first lineis EN, ANSY S Version, Order number (not read), MATL, ETY PE,
REAL, Element ID, ESY S, and Select Key (not read). The next two lines contain up to 20
nodes which define the element. Unused nodes are O.

13. Only 3D Mass elements (KEYOPT 3 =0 or 2) are read.

14. FEMAP Rigid elements only support up to 20 nodes per element. If you have more
nodes in a Coupled DOF set, the set will be broken into multiple rigid el ements.

15. In addition to the R commands that FEMAP writes, The RMODIF and RMORE com-
mands are also supported when reading an ANSY S model. In addition, if you set amate-
rial direction viathe ESY S command, it sets the element orientation in FEMAP.

16. FEMAP can read the various material constant commands that it writes and also the
MPDATA command (1st term only) which is generated by CDWRIT. FEMAP can also
read the constant term from the MP command.

17. When reading D (displacement) commands, FEMAP creates constraints if the displace-
ment valueis 0.0, or loads if it is non-zero.

18. When reading loads and constraints (D, M, F), FEMAP only reads the first fields which
define the node, degree of freedom, and value. The other fields which specify additional
DOF, IDs, or other data are simply skipped without generating warnings.

19. FEMAP can only read constraint equations (CE) which reference 20 or fewer degrees of
freedom. Entering a negative node 1D to remove nodes from the equation is not sup-
ported.

20. FEMAP Mass Matrix elements only allow specification of mass at one node, and are
therefore represented as a 6x6 matrix. ANSY S STIF27 (KEY OPT 3=2) mass matrices
connect to two nodes, and are therefore a 12x12. When FEMAP writes Mass Matrix Ele-
ments the second node is simply connected to the minimum node number in your model.
Only the 6x6 real constants connect to the first node are entered with the values you spec-
ified - all others are entered as 0.0. Since the ANSY S Weight Generator |0oks at the cen-
ter of the two nodes, this approach resultsin incorrect CG and inertia estimations from
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ANSY S - however the overall mass matrix is still formulated properly. When reading
Mass Matrix elements, you will receive an error message if there is any nonzero mass or
inertia associated with the second node point. In fact the second node is completely
skipped and the massis only connected to the first node.

21. FEMAP does not support writing or reading tapered laminate elements. Only asingle
thickness is allowed for each ply.

22. FEMAP always writes the STIF45 ET command with KEY OPT(4)=1. That is the mate-
rial axes aligned with the element 1J nodes. Then, if your model contains Properties that
align the material axesto a specific coordinate system, FEMAP writes ESY S commands
to override this specification. If you align with global rectangular coordinates (CSys 0),
FEMAP will create alocal coordinate system at the origin which is aligned to the Global
axes and useit for the orientation. STIF73 and STIF95 elements do not support material
axes which are aligned to the element 1J side, so you will receive an error message if you
attempt to translate elements using this convention.

23. FEMAP always writes Beam (STIF44) and Bar (STIF4) elements with a third node to
define the orientation. When reading these elements however, either the third node, or
angular orientation method can be used.

24. FEMAP supports translating Rigid elements to either CP or CERIG commands. If you
haverigid elementsin your model, FEMAP will ask which method you prefer to usein
the trandation. Normally CERIG commands are preferred since they generate the proper
equations for rotational coupling, rather than just connecting specified DOF. In ANSY S
Rev 4 however, they can only represent fully coupled (all 6 DOF) or translationally cou-
pled (all 3 translational DOF) connections. If you need other connections, you must either
use CP commands, or use constraint equations instead of rigid elements. In ANSY S Rev
5, CERIG commands support any combination of rigid DOF.

25. FEMAP uses T commands when translating nodal temperatures to ANSY S Rev 4.
BF,,TEMP commands are used for Rev 5.

26. FEMAP uses EP commands when transl ating pressures to ANSY S Rev 4 and
SFE,,PRES commandsfor Rev 5. Varying pressures at different corners of an element are
not supported. Similarly, pressures on the edges of planar elements are not supported.

27. FEMAP uses TE commands when translating elemental temperaturesto ANSY SRev 4.
BFE, TEMP commands are used for Rev 5. FEMAP only supports one constant tempera-
ture for each element. In Rev 4, FEM AP trandl ates the proper number of identical temper-
atures to define a uniform element temperature. In Rev 5, only one temperature is
translated, since other temperatures will all default to the first, and automatically produce
uniform element temperature.

28. In ANSY S Rev 4, element types were sel ected with anumeric value (e.g. 44 for STIF44
beams). In Rev 5, this changes to a combined name and numeric (e.g. BEAM44 for
STIF44 beams). FEMAP writes the appropriate method for each version and can read
either format.

29. Any rod torsional properties will be lost when tranglating to ANSY S STIF4 elements.
STIF4s do not have any torsional stiffness.
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7.1.4

30. The Poisson’s ratio coefficients NUXY, NUY Z, and NUXZ follow a different conven-
tion than used by most other programs and FEMAP. The values that you enter are there-
fore converted to the ANSY S convention when you write an ANSY Sfile, and converted
to the FEMAP convention when you read an ANSY Sfile. Thisinvolves the following
conversion: NUij(ANSY S) = NUij(FEMAP) * Ej / Ei.

31. Surface-to-surface contact is defined in ANSY S using a combination of contact surface
and target segment elements. ANSY S looksfor contact only between contact surfaces and
target segments which share the same real constant set. The real constant set is defined
using the M odel-Contact-Contact Property command. By pushing the ANSY S... button,
the KEY OPTs can also be modified.

COSMOS Translation Notes

1. FEMAP translates both Bar and Beam el ements as unsymmetrical BEAM3D elements.
The only exception isif you have a Tapered Beam. These are translated as Tapered
BEAM3D elements. Dueto limitationsin COSMOS, tapered elements can not be offset.

2. Triangular parabolic plane strain or axisymmetric elements are translated to TRIANG ele-
ments. Quadrilaterals translate to PLANE2D elements.

3. When Anisotropic materials are translated to COSMOS, the full matrix representation
that you defined islost. The matrix input is converted to an effective orthotropic represen-
tation prior to translating. You should review this approximation carefully.

4. Spherical FEMAP coordinate systems are translated to COSMOS but can be confusing
since FEMAP uses different angular definitions for the coordinates. Spherical output
coordinate systems on nodes are not supported due to the differencesin coordinate defini-
tions between FEMAP and COSM OS and the resulting inability to align the nodal
degrees of freedom.

5. COSMOS Plate elements are only isotropic. If you want to use orthotropic materials or
set amaterial angle, use the Laminated Plate(SHEL L4L) elementsinstead - even if they
only have 1 layer. When you are trandating, you can choose between thin and thick plate
behavior for isotropic plates.

6. Mass Elements must be defined in Global Coordinates for COSMOS.

7. FEMAP's Stiffness Matrix element only allows entry of a 6x6 matrix. This is automati-
cally expanded to a 12x12 during translation to the GENSTIF real constants. The expan-
sion however does not take into account the geometric transformations required for non-
coincident nodes. You will therefore receive awarning for each Stiffness Matrix element
that you translate which connects non-coincident nodes. You will also receive an error
message if the 12x12 real constants are not equivalent to the internal 6x6 representation.

8. COSMOS only supports quadrilateral parabolic plates and laminated plates. Similarly
parabolic wedge-shaped solids are not supported.

9. FEMAP gplitsrigid elements into multiple CPDOF sets depending on how many degrees
of freedom and nodes are connected.

10. The number of real constants written for laminated plate elements depends on the num-
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ber of layers used. FEMAP only supports elements with up to 45 layers.
11. COSMOS only supports up to 10 termsin constraint equations.

12. COSMOS does not support multiple constraint cases, therefore whenever you translate
enforced displacement loads, they are added to the constraints that you translated. If you
are tranglating multiple load sets, any enforced displacements will apply to all load sets,
not just the set that originally contained them. If you are translating more than one load
set, FEMAP will alwaysissue an error message if you translate enforced displacementsto
warn you of this condition. In some cases, you may want to ignore the error message, but
you should always carefully review your model. To get around this limitation, you will
have to trangdlate the model multiple times - once for each load set that contains enforced
displacements.

13. All nodes must bein Global Rectangular coordinates. That is, Coordinate System O. If
you have amodel that uses other coordinate systems for input, just use the GEOSTAR
GFORM_OUT command to write anew file. It will automatically transform all nodes
into Global Rectangular coordinates.

14. FEMAP only supports the first numerical value for each of the MPROP variables. Other
dataisignored.

15. FEMAP can only read DND commands which reference symmetry or antisymmetry
conditions when the displacement value is zero. In addition, FEMAP stores enforced dis-
placements with the load cases and not with the constraints asin COSMOS. This can
cause problemsif you have multiple load cases defined along with nonzero enforced dis-
placements. FEMAP will alwaysissue awarning in this case that you check your model
thoroughly. Nonzero enforced displacements will be placed into whatever |oad case was
active at the time they were read. If you translate back to COSMOS, and write all load
cases, al enforced displacements will again be written. However, if you translate to other
analysis programs, or only translate some load cases, you will lose some enforced dis-
placements. Be careful!

16. FEMAP can only read pressures which are normal to the face of planar or solid ele-
ments. Pressures along the edge of axisymmetric or other elements are not supported.

17. FEMAP can only define constraints (and constraint equations) relative to the output
coordinate system at each node. You will receive an error message if you try to read a
model that contains multiple constraints (and or constraint equations) at a single node
which are defined relative to different coordinate systems. Aslong as you only have one
constraint per node, or if they are all relative to the same coordinate system, FEMAP can
handle it properly.

18. Reaction force requests (RFND) are written for every constrained degree of freedom if
you request them. The read translator skips over these commands without giving any
warnings or messages.

19. These elements can only be read. If you rewrite the model they will be converted to one
of the supported types for write. Postprocessing output for these elementsis not sup-
ported.
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7.1.5 |-DEAS Translation Notes

1. FEMAP writes al coordinate systems, including the Global systems, to the I-DEASfile.
The Global systems are renumbered, but are titled "FEMAP Global ...". If you read a Uni-
versal file with these titles, FEM AP remaps them back to the Global. Likewise, if you
read a Universal file that contains CSys 1 or 2, they are renumbered to valid FEMAP
coordinate system IDs.

2. FEMAP can write, but not read Solid element material orientation vectors.

3. FEMAP supports alimited number of structural element properties for all element types.
Any other properties that are written in the file will be skipped without warning.

4. Only I-DEAS CONSTANT material properties are supported. If your file contains other
types of materials, or material constants that FEM AP does not support, FEMAP will still
attempt to read universal file dataset 1710.

5. Only constant zero displacement constraints are supported. Temperature and time vary-
ing constraints will be skipped.

6. Only constraint equations with up to 13 terms can be read. In addition, the constant term
must be zero. Only real terms are read.

7. Time varying loads are not supported - they will be read as constants. Shell temperatures
will beread as asingle nodal value using the Top temperature. FEMAP only reads the
loading universal datasets if they correspond to one of the available FEMAP load types.

8. Gravity Loads are skipped. Only the Translational Acceleration loads are read.

9. FEMAP only supports IDs up to 8 digits. Any entities with IDs greater than 8 digits will
be lost when reading a Universal File.

10. Beam Neutral Axis offsets from the Shear Center are not supported when translating
data through the Universal File. Property values are correct, but element offsets are not
computed to reattach the nodes correctly. In addition, Curved Beam properties do not sup-
port neutral axis offsets from the shear center. If you have any of these conditions, transfer
dataviaa NASTRAN file.

11. If you export a complete part from I-DEAS, Coordinate Systems will be written in
Dataset 1961, which is not supported. To properly transfer, simply export only the FE
data
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12. If you export multiple FE modelsin the same Universal file, only thefirst one will be
read.

7.1.6 LS-DYNAS3D Translation Notes

1. Rod, Tube, Bar, and Beam elements are all written asLS-DYNA3D SHELL elements,
although with different element formulations. Also, FEMAP will create synthetic nodes
for all beam elements that do not have third node referenced for orientation. Also, beam
offsets are not currently supported for LS-DYNA3D

2. Membrane, Plate, Laminate, Plain Strain, and Axisymmetric elements are all written as
LS-DYNA3D SHELL elements.
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7.1.7

3.

In general it is best to use the Other Type materialsfor all LS-DYNA3D materials since
this enables you to specify exactly what material to use instead of FEMAP selecting a
material.

. FEMAP writes constraint equationsto LS-DYNA3D, but all coefficients for the DOFs of

agiven node in the constraint equation must hvae the same value.

. Body loads can only be applied to the entire structure. Also, LS-DYNA3D conventions

are directly opposite of FEMAP, so FEMAP will automatically reverse the sign of the
body loads.

MTAB*STRESS Translation Notes

The mTAB* STRESS file formats are the same as those for SAP |V, these notes therefore
also apply if you are using FEMAP with SAP 1V. Throughout these notes, you will see refer-
ences to STRESS. These refer to the mTAB*STRESS/SAP |V file format.

1.

Nodal coordinates are always written by FEMAP in the Global Cartesian coordinate sys-
tem. STRESS does not support Output Coordinate Systems. Thereis no way to rotate
nodal degrees of freedom. You will receive an error message for any node that references
anonzero Output Coordinate System. All coordinate systems are supported when you
read an STRESS model.

. Tapered Beam Elements are not supported by STRESS. Only the first end of the element

will be considered.

. FEMAP nonisotropic materials can be used to define the three thermal expansion coeffi-

cients for Type 2 elements. FEMAP only uses the first fiber location to cal culate the sec-
tion moduli for STRESS. All other fibers are ignored. FEM AP does not support Fixed
End Force data for Type 2 elements.

. STRESS Type 5 Elements only support isotropic materials. If your solid elements refer-

ence nonisotropic materials, they will be written as Type 8 elements, even if they arelin-
ear solids.

. STRESS does not support tetrahedral (4-noded) Type 5 elements. These elements will be

simulated by duplicating nodes on a Type 8 Brick element. FEM AP supports uniform
face pressures, but does not support hydrostatic pressure.

. FEMAP does not support writing pressures for Type 3 or Type 4 elements, since these are

edge, not face, pressures. During Read, FEMAP converts any edge pressures to equiva
lent nodal forces.

. STRESS only supports an orthotropic material formulation for Type 3 and Type 4 ele-

ments. FEMAP will convert any anisotropic materials to an equivalent orthotropic repre-
sentation. You should review this approximation carefully.

. STRESS does not support any orientation angles for Type 6 elements. If you use noniso-

tropic materials with this element type, FEMAP will write the material constants, but will
give you an error message. You must make sure that the constants are properly oriented.
Element orientation angles are ssmply ignored.

. FEMAP can only read the tangential and curve tube elementsthat it writes. Branch point
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datais not supported. Internal pressure and temperature dependent material properties are
also not supported.

10. FEMAP writes Tube elements as Type 12. These elements only support isotropic mate-
rials. FEMAP does not support internal pressure on tubes, curved tubes, or branching
tubes. You can simulate the weight of an internal fluid by defining a nonstructural mass
property. This mass is added to the material density when the property is written.

11. Spring elements are converted to Boundary Elements. Therefore, they are only sup-
ported if one end of the spring is connected to anode that is constrained in al 6 degrees of
freedom.

12. When FEMAP reads Type 7 elements, it will create enforced displacements. In addition,
if the spring stiffnessisnot zero (or blank), FEMAP will create aRod element, and afully
constrained node, to represent the specified stiffness.

13. STRESS plate properties are always written as anisotropic matrix properties. When
reading an STRESS model, FEMAP will automatically convert the properties back to iso-
tropic, if the matrix formulation matches that for an isotropic material

14. All Mass elements must be defined at a Node, in global coordinates. Offsets are not sup-
ported. Inertias are not written for static analysis. For modal analysis the moments of iner-
tiaare written, but the products of inertia are skipped.

15. All Mass Matrix elements will generate error messages to warn you that only the diago-
nal terms of the matrix can be used for STRESS. You will see these errors even if the off-
diagonal terms are zero.

16. STRESS supports different material types for each element type. Refer to the STRESS
documentation, and the element portion of thistable, for the types of material s supported.
If you use amaterial typethat is not available, FEMAP will approximate it with the avail-
able material type. These approximations can not fully represent the desired material
behavior. You should always review your model carefully if you get thistype of error
message.

17. Because of the limited number of Element Load Cases (4) in STRESS, only one load
case for Temperatures and Pressures can be sel ected.

18. Master Nodes for Beams are not supported, but coordinates may be specified in any of
the avail able coordinate systems.

19. FEMAP does not support all possible Elemental Load Factor combinations. FEMAP can
only apply gravity loads to an entire model. You must therefore have a consistent set of
gravity load factors for al element groups. Thermal load factors must a so be consistent
across groups, and in addition, must be either 0.0 or 1.0. FEMAP can not apply fractiona
thermal loads. Thermal load multipliers must also be 0.0 or 1.0. Elemental thermal loads
on beams, which are included as part of the intermediate |oads can not be read, even
though they can be written.

20. Because of the differencesin the way STRESS and FEMAP handle temperatures, you
must only specify one stress free temperature per STRESS material. FEM AP does not
support any of the element data generators.
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7.1.8

7.1.9

21. Beam Fixed End Forces are not supported.

22. Temperature dependent material properties are not supported.

23. Midnodes and “thru-thickness” temperature gradients are not supported.

MARC Translation Notes

1.

Nodal coordinates referencing a rectangular coordinate system for their output coordinate
system will be written in Global Rectangular (CSys 0) and and corrseponding TRANS-
FORM is written for those not in Global Rectangular. Nodes referencing a cylindrical sys-
tem are written in that coordinate system with a vorresponding CYLINDRICAL option.

2. Type 14 element is only chosen if Hybrid Formulation is selected.

3. For many FEMAP elements, MARC has several different types for each element. To set

the element type please set the Element Formulation.To determine which element will be
used for a specific formulation, please see the previous chapter, Element Reference.

. Rigid Elements connecting all 6 DOFs are translated as TYING, type 100. If all 6 DOFs

are not connected, separate TYING cards are written for each connected DOF.

. This option is only output if there is Contact in the model, or the user has specified Num-

ber of Increments on the Modal Load Nonlinear Analysis dialog box for a load set
selected in a Historuy Definition.

NASTRAN Translation Notes

The following translation notes apply to translations for MSC/NASTRAN, CSA/NAS-
TRAN, UAI/NASTRAN, Cosmic/NASTRAN, ME/NASTRAN and SSS/NASTRAN. All
programs use similar file formats.

1.

Coordinate Systems 1 and 2 are predefined in FEMAP. They are always written to your
NASTRAN data file, but use a special continuation field that tells FEMAP's NASTRAN
Read translator to skip them. If you read a NASTRAN model which has a Coordinate
System 1 or 2 (and does not have the special continuation field) those coordinate systems,
and all entities which reference them will be automatically renumbered.

. FEMAP will read RBAR elements if all six independent elemental DOF are connected to

one node. This is the typical case for a true rigid bar. If the model is then translated back
to NASTRAN, the elements will be converted to RBE2 elements.

. FEMAP Spring Elements are automatically converted to equivalent CROD elements dur-

ing write. A representative PROD and MAT1 card are generated based on the element
length and specified spring constants. Damping is not supported.

. The stress coefficient, S, is not supported for CELAS2 elements. If you specify the spring

stiffness as 0.0, FEMAP will write a CDAMP2 element instead of the CELAS2.

. Type 3 CBEND cards are written. Type 1, 2 or 3 can be read, but for type 1 or 2 the radius

on the PBEND card must be 0. Only the primary CBEND format is supported. The
ThetaB field is not supported on the PBEND card. Likewise, the geometric centroid off-
sets and radial neutral axis offsets are not supported.
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6. If you have aPARAM , WTMASS entry in your model, FEMAP will automatically multi-
ply all material densities, mass, and inertias for CONM2 elements, and matrix entries for
CONM1 elements by the WTMASS factor. When FEMAP writesaNASTRAN model,
the WTMASS parameter is not written.

7. Only triangular axisymmetric elements are supported by the FEMAP NASTRAN transla-
tors. Quadrilateral elements are skipped. For the MSC/NASTRAN trandlator linear axi-
symmetric triangles are converted to CTRIAX6 elements with missing midside nodes.
Other translators convert them to CTRIARG elements.

8. NASTRAN only supports one mass component on CONM2. FEM AP uses the X-Direc-
tion Mass for this value on write, and sets all three components equal on read.

9. 3D ORTHOTROPIC materialswhich are used by axisymmetric elements are translated to
MAT3 commands. Most datais directly translated for this command, but the NUXY term
must be converted asit istranslated to or from the NUZX MAT3 term. The conversion is
required because NUZX would really correspond to NUY X, not NUXY. The MAT3
NUZX is set equal to NUXY * EY / EX.

10. FEMAP's tube element is not tapered, so the OD2 field is not supported.

11. FEMAP does support tapered beams, with properties at both ends, but does not support
intermediate property data. In addition, FEM AP only supports shear cetner and neutral
axis offsets. The additional nonstructural mass center of gravity offset is not supported.

12. PSHELL isused for all of the plate-like element properties. The various MID fields con-
trol the type of plate. For a Plane Strain representation M1D2=-1. For aMembrane
MID2=0 and MID3=0. For a Bending representation MID1 and MID2 are not 0, but
MID3is 0. For afull Plate representation none of the MIDs are 0. FEMAP also supports
full definition of all of the material IDs.

13. FEMAP only supports up to 90layers for PCOMP. Using the symmetric option can sim-
ulate 180 layers. The SOUT fields to request output for individual plies are not supported.

14. Only the material and integration network are supported for PSOLID.
15. The material coordinate system ids are not supported.

16. Thetype of NASTRAN card written by the nodal constraintsis controlled by your selec-
tions during the translation process. Any FEMARP constraint set which is not selected as
one of the other setswill automatically be trandated as SPC cards. FEM AP does not sup-
port nonzero displacements which are defined on SPC cards.

17. FEMAP only supports MPC equations with up to 70 terms.

18. Nodes referenced on SPCD cards must also be selected by a Nodal Constraint. FEMAP
does not do thisautomatically for you. You must create nodal constraints for all nodes
using SPCDs.

19. FEMAP only supports normal pressure on element faces so the PLOADA4 continuation
card which specifies a coordinate system and direction vector are not supported.

20. FEMAP only supports constant elemental temperatures so all fields pertaining to gradi-
ents on the TEMPP1 and TEMPRB card are not supported.
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21. LOAD cards are automatically generated if you combine body and nodal/elemental

loads in the same FEMAP case. The LOAD card takes the ID of the FEMAP load case,
and all of the actual loads are renumbered to nonexisting cases which are then combined
by LOAD. Temperatures remain in the original case. LOAD cards are not supported by
the NASTRAN read translator. When you read a model with combined loads, the individ-
ual loads will be read into their new cases, but the combination will be ignored.

22. For MSC and UAI/NASTRAN both Tangential Acceleration and Rotational Velocity

are supported on the RFORCE command, but they must be along/around the same vector.

23. For parabolic plate elements, NASTRAN evaluates the material axis orientation at each

interior integration point, along the constant parametric lines of the element. FEMAP ori-

ents, based on the edge going from nodes 1-2 on the element. Aslong as your elements

have straight sides, with the midside nodes “at the midside”, these are equivalent. If not,
the NASTRAN representation will not match what you defined in FEMAP. In fact, the
NASTRAN formulation will point in different physical directions at each interior integra-
tion point.

24. FEMAP does not support spring/damper elements that refer to scalar points to indicate a

constrained coordinate.

7.1.10 PATRAN Translation Notes

1.

FEMAP Coordinate System 0 is not written to the PATRAN file, but Coordinate Systems
1 and 2 are always written.

2. All coordinates are written to PATRAN in global rectangular coordinates (CSys 0).

3. All element types are written with the appropriate shape and number of nodes to match

your definition in FEMAP. The PATRAN Element Configuration (CONFIG) is set to the
value shown (Cfg=).

. Properties are written to (and read from) the PATRAN Neutral file in the same format

used by the NASPAT translator. The property values match the order used by NAS-
TRAN. This format may be incompatible with interfaces from PATRAN to other pro-
grams.

. Constraints are written to the PATRAN Neutral file as enforced displacement loads.

When reading a Neutral File, FEMAP converts an enforced displacement of 0.0 to a con-
straint, and all others to loads.

7.1.11 STARDYNE Translation Notes
1. STARDYNE does not directly support Coordinate Systems. All Nodes are translated in

Global Rectangular coordinates. If you use non-Global output coordinate systems in
FEMAP though, extra nodes will be generated to represent the proper coordinate angles.
For rectangular coordinate systems, only one set of nodes will be generated per coordinate
system. For non-rectangular systems, a set of “synthetic” nodes will be generated to orient
every node which references that coordinate system. All “synthetic” nodes will be auto-
matically fully constrained and referenced on ASYSG commands. Even so, be careful
when using nonrectangular output coordinate systems since the number of nodes gener-
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ated can be very large.

2. FEMAP Rod elements are translated as BEAM G elements with only Area and J defined,
and with a 001111 release code. This releases all but the axial and torsional element direc-
tions.

3. STARDY NFE's definition of Beam Releasesis not as general as FEMAP's. There are cer-
tain combinations which can not be represented.

4. Tapered Beam elements are translated to BEAM TPR commands. Non-tapered beams to
BEAMG commands.

5. FEMAP converts Spring Elements to aMADDEL with a series of MADDX entries.
When reading a STARDY NE model, FEMAP can read MADDEL/MADDX combina
tions and recreate the origina springs, but only if they follow the scheme that FEMAP
normally writes. A general series of MADDXSs can not be converted. Damping is not sup:
ported for spring elements that are translated to or from STARDY NE.

6. Only Triangular Shear elements are supported. Quad elements are not written to STAR-
DYNE.

7. During translation you will be given the opportunity to choose the type of platesto be
used in your analysis. These types are used for Linear Plate Triangles and Quads.

8. FEMAP allows you to set a material angle for Axisymmetric elements and a Coordinate
System for Solid Elements. All materials must be defined in Global Coordinates for Axi-
symmetric or Solid STARDY NE elements.

9. STARDY NE requires you to define Axisymmetric elements in the global XY plane.
FEMAP does not restrict this definition and you must build your model that way, or
move/rotate it there prior to translation.

10. Offsets on Mass (WGHT) Elements are not supported by STARDY NE. They will be
skipped. Similarly, all Mass Elements must be defined in the output coordinate system of
the node they are defined on.

SUOLVISNYY L

11. FEMAP translates Rigid Elements which connect up to 20 nodes into multiplerigid
beams, all connected to the specified independent node. STARDY NE does not however
support “partial” rigid elements - all 6 DOF are connected rigidly, no matter what you
specify in FEMAP. Also, STARDYNE chooses its own “independent” node based on the
highest node number - not necessarily the one you specified in FEMAP.

12. If you use offset Bar or Beam elements, multiple properties will be generated - one for
each unique set of offsets.

13. FEMAP's Laminated Plate Element allows definition of up to 45 layers per property.
Each Laminated Plate property is translated to a QCSTAK command, and each layer is
translated to a QCBLOC. FEMAP defines the bond shear allowable on the Laminate Plate
property. STARDYNE does it on the MATLG5. For this reason FEMAP only supports
translation of one bond shear allowable per material. If you have multiple allowables, you
must create multiple materials and reference only one per property. As long as your bond
shear allowable is consistent, this is not a limitation.
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14. When Anisotropic materials aretranslated to STARDY NE, the full matrix input that you
input islost. The matrix input is converted to an effective orthotropic representation prior
to trandating. You should review this approximation carefully.

15. MATLG4 and MATL G5 commands are only written for Materials referenced by Lami-
nate Plate Elements. These materials are written in orthotropic formulation
(MATLGL...MATLGS6) even if defined asisotropic.

16. FEMAP only supports single element temperatures. The same temperature is written to
both the top and bottom face for TPTEMP and QPTEMP.

17. FEMAP Tube elements do not support offsets or releases, so those items are skipped. In
addition, straight Tubes are not oriented so the Beta Angle or Third Node is also ignored.

18. BEAMI elements will be read from your model but only blank properties will be created
since there is no property datareally stored with the STARDY NE model. The BPROP7
command is not read.

19. MADDXINC commands can be read to create DOF Spring elements. MADDX com-
mands which represent springs-to-ground can also be read and will result in the creation
of acoincident, fully-constrained node, and a connection between that new node and the
original.

20. STARDY NE only supports quadrilateral laminate elements. Triangular elementswill be
skipped. FEMAP Laminate Plate Elements only support up to 45 plys. These plys can be
defined in any combination of QCBLOC and QCSTAK commands, but the total number
of plys must be less than 45. Any additional plys will be skipped.

21. FEMAP only supports constant elemental face pressure. Additional corner pressures on
the QPRS and CPRS commands are ignored when the commands are written. During
Read thefirst corner pressureisread if al others are zero. If multiple corner pressures are
present, they are averaged.

22. FEMAP converts Curved Beam elements to STARDY NE ELBOW elements. Since the
ELBOW isreally atube, FEMAP calculates an effective tube cross section based on the
Areaand Inertiathat you specify. If you specify avalue for 12 that is different from 11,
you will see an error message, and FEMAP will skip 12. Similarly, offsets and releases are
not supported by the STARDY NE ELBOW and will be skipped.

23. MASSX entries are formatted just like MADDX. Although FEMAP alows you to spec-
ify any coordinate systems for aMass Matrix element, to trandlate it to STARDY NE, you
must choose the same coordinate system that you chose for the node where the massis
applied. All masses and inertias must be specified in that coordinate system. You will
receive an error message if you choose any other system. FEMAP can not read MASSX
entries from a STARDY NE model.

24. FEMAP's Stiffness Matrix element only allows entry of a 6x6 matrix. Thisis automati-
cally expanded to a 12x12 during translation to MADDX entries. The expansion however
does not take into account the geometric transformations required for non-coincident
nodes. You will therefore receive awarning for each Stiffness Matrix element that you
translate which connects non-coincident nodes. FEM AP can not read MADDX entries
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which represent Stiffness Matrix elements.

25. Plane strain analyses in STARDY NE use plate elements with modified material con-
stants. Refer to page M-85 of the STARDY NE User's Manual for details. If you model
with FEMAP however, you should specify the actual constants. FEMAP automatically
calculates the effective plane strain constants for you (based on the equations on page M-
85). If, for some reason, your model contains a mixture of plane strain and other elements,
the plane strain elements must reference different materials than the other elements. If you
read amodel that contained plane strain elements, FEMAP will create plate elementswith
the effective material constants. There is no way to distinguish that those elements really
represent a plane strain condition.

7.1.12 weCan Translation Notes

1. All nodal coordinates (and other geometry) are written to weCan in Global Rectangular
coordinates (CSys 0), no matter how they are defined in FEMAP.

2. For Rod (STIF8) elements, weCan does not support torsion or nonstructural mass.
3. Tube and curved tube elements do not support nonstructural mass.

4. If you are using nonisotropic materials with Solid elements, you must either choose to
align the material axesto element coordinates, or more typically to Global Rectangular
coordinates. Other Global or user defined coordinate systems are not supported for mate-
rial axes.

5. For Bar (STIF4) and Beam (STIF64) elements, FEMAP will base the element thickness
for stress recovery on the first stress recovery location that you specify. If you do not
specify any stress recovery locations, FEMAP will calculate an effective thickness from
the ratios of the cross sectional area and the inertias. To insure proper stress calculations
however, you should always specify at least one recovery location.

6. For Bar (STIF4) and Beam (STI1F64) elements, rel eases are not supported. You must mod-
ify the properties to eliminate axial, bending or shear behavior.
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7. Tapered beam elements do not support differing shear areas at the two ends of the beam.

8. Damping is not supported for Spring elements.

9. STIF13 elements do not support multiple thicknesses. If you specify corner thicknesses,
only thefirst one will be used.

10. Mass elements must be defined relative to the output coordinate system of the node
where they are attached. Offsets and the product of inertia (112, 131 and 132) terms are not
supported and are skipped.

11. Rigid elements must be fully rigid in all degrees of freedom.

12. All components of displacement loads that you specify must be nonzero. If you want to
enforce a zero displacement, use constraints instead of displacement |oads.

13. All rotational velocities are applied around the global origin. Moving the origin for rota-
tionsis not supported by weCan.

14. Nonisotropic materials are only supported by plate, plane strain, axisymmetric and brick
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and wedge solid elements. They are not supported for any line elements (bar, beam,...),
nor for tetrahedral solids.

15. You must specify the same temperature for all materialsin your model - multiple mate-
rial reference temperatures are not supported.
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7.2 Analysis Program Interfaces

7.2.1

This section provides detailed descriptions of the commands and menus available when
exporting to the different analysis programs. Each subsection contained in this section
details the interface to a specific analysis program.

ABAQUS Interfaces

FEMAP provides direct interfaces to the ABAQUS file formats. You can write a FEMAP
model for analysisin ABAQUS, or read a ABAQUS model and analysis results for postpro-
cessing.

7.2.1.1 Writing an ABAQUS Model

The File Export Analysis Model command allows you to write your FEMAP model into a
file that can be analyzed by ABAQUS.

Starting to Export

There are eight options available for ABAQUS trandlation: (1) Static, (2) Modal Analysis,
(3) Transient Dynamic/Time History, (4) Frequency/Harmonic Response, (5) Buckling, (6)
Explicit Transient Dynamics (ABAQUS EXPLICIT) (7) Steady-State Heat Transfer, and (8)
Transient Heat Transfer. These options determine which element types (structural or heat
transfer) will be written, and set the defaults for the dial og boxes to come. Later, you will be
able to change your selection if you picked the wrong one, as long as the new selection is
consistent with the initial element type (i.e. you can switch between the various Structural
Standard options, or between Steady State and Transient Heat Transfer, but not between
Structural and Heat Transfer types, or between STANDARD and EXPLICIT options).

-
Once you make your selection, you will see the standard file access dialog box, where you §
can specify the name of thefile to be created. The default filename extension for thisfileis -
“.INP”, but you can choose any name. After choosing a filename, you will see the ABA( JS
Model Write dialog box. 3
This dialog box allows @
you to specify Model Def- Tie |
inition information. -

. odel Defintion Set: Group Operations
Title . _ ,
™ Kinematic Constraint | j I wiite Al Groups as Sets

Here you can specify a

one-line title that will be [ Initial Conditions I j Rigid Surfaces... |

written as an ABAQUS _ : =
*HEADER command. It ™ Titles as Set Mames Overrides / Group Contact... | aK

will appear as the page Cancel |

header in your print files.

Kinematic Constraint Set

This option allows you to choose a constraint set that will be written prior to your first anal-
ysis *STEP. Nodal constraints from the set that you select will be combined with any perma-
nent constraints on your FEMAP nodes and both will be written. The permanent constraints
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will not be written unless you select a set with this option. During the Step Definition phase,
you can again specify constraints to be applied to the model.

In addition to Nodal constraints however, the Kinematic Constraint Set can also contain
Constraint Equations which will be applied with * EQUATION commands. Any Constraint
Equations that are in Constraint Sets that you select during Step Definition will be ignored.
They must be specified via this option.

Initial Conditions

This option allows you to select initial conditions for your model. It also can be used to

define the frequencies for calculation of Rayleigh Damping in Direct Transient (EXPLICIT

or STANDARD) analysis. FEMAP currently supports both temperature and velocity initial
conditions. Temperatures from the set you select will be applied to your Nodes as “*INI-
TIAL CONDITIONS, TYPE = TEMPERATURE". If the load set contains a body load

default temperature, it will be applied to all the nodes of the model. If any nodal tempera-
tures exist, they will then be applied to the appropriate nodes, redefining their initial temper-
atures. This will produce a warning in your ABAQUS run, but ABAQUS will utilize the
appropriate temperatures. If Elemental Temperature Loads exist in the selected load set, they
will be skipped and an error message will be printed.

Velocity initial conditions can also be specified in a similar manner. Any Nodal Velocity
Loads contained in the selected load set will be written as “*INITIAL CONDITIONS,
TYPE=VELOCITY". Only temperatures and velocities will be utilized from the selected

load set. Since load sets can be selected for each STEP, and all loads in these sets are
exported, you should create a load set containing just initial temperatures and velocities so
these conditions are not exported in a STEP along with other loads. The Body Load Default
Temperature is an easy method to assign an initial temperature to all nodes in the model,
which can then be redefined for any single nodes utilizing Nodal Temperature Loads.

For direct transient analysis, FEMAP will calculate the Rayleigh damping values for each
material based upon the material entry, and the frequencies input for System (W3) and Ele-
ment (W4) Damping under Model Load Dynamic Analysis. The type of analysis must be
selected as Direct Transient for FEMAP to properly convert the values. Alpha damping is
computed from the product of W4 and the damping material value. Beta damping is simply
the damping material value divided by W3.

Overrides/Group Contact

This button allows you to access a much larger ABAQUS Model Write dialog box. This dia-
log box will allow you to override your current element formulations (hybrid, 5DOF plates,
etc.) as well as form contact entities via groups. All options that are available in the larger
dialog box are also available by simply changing the element formulation, or using Contact
Pairs and Segments. The Group Contact has been made obsolete by the Contact Segment/
Pair support. These options remain here to support old models which used this capability.

Since you will typically not need to use these overrides or group contact, it will not be
explained until the end of this section.
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Titles as Set Names

When this option is checked, FEMAP will use the titles given to certain entitiesin FEMAP
when writing ABAQUS sets to the input file. This functionality is supported for Coordinate
Systems, Properties, Materials, Functions and Groups.

Write All Groups As Sets

This option, if checked, will simply write additional *NSET and * ELSET commands to the
file which represent the Nodes and Elements that you have selected into every Group in your
model. These sets are not used except when a Group is selected when defining a Rigid Sur-
face or Contact Pair. They can be very convenient if you want to edit the resulting file later,
and will also compact the data on the * SURFACE DEFINITION options by using Group
Sets.

Rigid Surfaces...

...simply lets you select a FEMAP group which will be translated as arigid surface, and the
associated slave surface or Contact Node Set. Refer to the following section for information
regarding how to define the group.

Defining a Rigid Surface

Although FEM AP does not have the equivalent of an ABAQUS rigid surface, the translator
can use a FEMAP group to create one. First, however, you must properly construct your
model and the group that you will use. The required contents of the group is different than
the old contact modeling which we be explained later in this section.

To successfully create arigid surface, a FEMAP group must contain the following entities:
O Either One or more Lines or Arcs.

O One Reference Node

O Oneor More FEMAP Contact Segments.

O Optionally, a Coordinate System for 3-D Contact
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O Optionaly, asingle Contact Property.

When selecting Lines and/or Arcs, they must form a continuous path. You must select the
lines such that as you would walk along the lines, the contact is on your left. This can be
accomplished by using View Options, Toolsand View Style, Curve and Surface Accuracy to
show the direction of the lines. The first line selected must be the start of the rigid surface,
and it must be in the proper direction. FEMAP will automatically form the remaining linesin
the appropriate direction.

Thelines and arcs will be converted to SEGMENTS (if there are plane strain or axisymmet-
ric elementsin the model) or CYLINDER rigid surface. Splines may not be chosen, and if
you choose arcs, they must always have an included angle less than 180 degrees. If you need
larger arcs, simply break the arc into pieces before you export.

You must also select areference node for the rigid surface and one or more contact seg-
ments. The node can (and usually should) be constrained in your model. The motion, or lack
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thereof of this reference node will determine the motion of the rigid body. The contact seg-
ments will be placed as the slave surfaces to the Master Rigid Surface.

There are also two optional inputs to the group. The first, a coordinate system, is used to ori-
ent 3-D contact in space. If planar or axisymmetric elements are present, this coordinate sys-
tem is unnecessary and will be ignored. If these elements are not present, thereby denoting a
3-D contact problem, FEMAP will use the coordinate system to determine the direction in
which the 2-D cross-section will be extruded to form aninfinite 3-D rigid surface. The x axis
of the coordinate system should typically be along the length of contact, with the Y axis
denoting the interface normal. The Negative Z axis of the coordinate system is used to
extrude the cross section. If no coordinate system is specified, FEMAP will usethe Z axisas
the default for the extrusion axis.

A Contact property can aso be included in the group to define the specific relationship
between the rigid surface and the contact segment. This property information is exported in
an identical manner as that for a Contact Pair (please see both Contact Pair and Contact
Property explanations in the FEM AP Commands Guide).

7.2.1.2 Defining Analysis Steps
After you select the

ABAQUS STEP Definition - Step 1

— Load Selection

V¥ Corstraink

ettt

Ll L«

&+ Load I
" All Load Sets as Individual Steps
Mo Load Sets

—amplitude Loads
% Default
' Step
" Ramp

& Wew
' Modify

& Wew
' Modify

Constraints —

— Procedure Definition

Type  |1..5tatic
Time Period

Initial Time Incremert
Min Time Increment

Max Time Increment

1111,

™ Manlingar Geamety
™ Linear Perturbation Step

— Output Destination
& Print and Post ¢ Print ¢ Post
— Output Request:
MNodal Elemental

V¥ pplied Loads ¥ Section Forces
¥ Reaction Forces W Stress
¥ Dizplacement ™ Shain
™ Welocity ™ Energy Density

™ Acceleration ™ Temperature
[” Temperature ™ Heat Flux
™ Heat Flux
Element Location
™ Contact ™ At lrtegration
™ At Nodes

[~ ‘wiite Results for Zero Increment

Press OK. to Create STEP
Press Cancel After Final STEP

Include Fite... | ok | cancel |

model translation
options, you will see
the ABAQUS STEP
definition dialog box:

It allowsyou to choose
thevarious optionsthat
are available for con-
trolling the ABAQUS
analysis steps.

Load Selection

With these options,
you can select the Con-
straints and Loads that
will be used for the
current step. In most
cases, only one step
will bewritten at a
time, however if you

need to do an analysis of many independent load cases, the “All Loads as Individual Steps
can be convenient. If it is selected, every load set in your model will be written to a corre-
sponding step. All other options in each step will be identical, including the single constraint
set you select. A selection of a constraint set will be ignored for modal procedures such as
*MODAL DYNAMIC and *STEADY STATE DYNAMICS (modal) which are Linear Per-
turbation Steps and do not allow the user to modify the boundary conditions.
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te:

All loads supported by the ABAQUS Translator will be written for the load case selected.
No checking is performed to determine if the load is appropriate for the analysis type cho-
sen. Therefore, care should be utilized when developing load sets to place only appropriate
loads for your analysisin that load set.

Applying Loads
The Amplitude options determine how loads will be applied for loads which do not have an
associated vs. Time function defining their time histories. These options are added to the
*STEP command. STEP amplitude applies full loading at the beginning of the step. RAMP
amplitude starts at zero, and increases the magnitude of the loads throughout the step.
Default chooses whichever type is default for the type of analysis you are performing.

Similarly loads can either be applied as a new load case, or to modify loads that are previ-
ously applied. If you are defining a new, independent load case, or if thisisthe first step,
choose NEW. If you are trying to apply additional loads to those already defined for a previ-
ous step, asin a perturbation analysis, choose MODIFY.

Applying Constraints
Constraints can aso be applied as either a new constraint set, or to modify current con-
straints. If you have defined a Kinematic Constraint Set in the Model Write dialog box with
boundary conditionsthat you would like to remain on your model, choose Modify. However,
if you would like to define completely new constraints, choose New. For Moda Superposi-
tion Analysis types such as*MODAL DYNAMIC, and *STEADY STATE DYNAMICS
(not Direct), this option is ignored since constraints cannot be modified or created in a
Modal Superposition method. Furthermore, any constraints defined in a newly chosen con-
straint set for this STEP will beignored.
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te:

This option will be used for all *BOUNDARY conditionsin the ABAQUS STEP, including
certain FEMAP Nodal Loads such as Enforced Displacements, Velocities, and Accelera
tions.

Procedure Definition

The optionsin thisgroup allow you to choose the analysis type to be performed. Once again,
remember that you will not be able to change your previous analysis type selection from
Structural to Heat Transfer types (or vice versa).

Type

Your choice here indicates the type of analysis that you want to perform. If you chose a
structural STANDARD analysis type, you may select between Static, Modes, Transient
Response/Time History, SS Dynamics/Frequency Response, Buckling, Explicit Transient
Visco (Creep). If you chose aheat transfer type previously, you may choose between Steady
State and Transient Heat Transfer types. You can perform any of the current analysis types,
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even different typesin different steps. If you previously chose Explicit Transient Dynamics,
thiswill be the only option available to you.

Depending upon which analysis type you choose, some of the following options must also
be specified:

Time Period and Increments

These options are translated directly to the second card of the * STATIC, *DYNAMIC,
*MODAL DYNAMIC, and *HEAT TRANSFER (both steady state and transient) proce-
dures. They control the way that ABAQUS will increment through the time step.

Tolerance control (DELTMX for a*HEAT TRANSFER and HAFTOL for a*DYNAMIC
analysis) can also be utilized, but must be input as part of the current selected |oad set under
the Nonlinear Analysis Load Option (select Transient under Solution Type and enter avalue
in any of the convergence tolerances for DELTMX on the *HEAT TRANSFER option, or a
value in the force convergence tolerance for HAFTOL onthe *DYNAMIC option). The
maximum number of increments/step (INC=) can be similarly defined by entering a val ue of
Max Iterations/Step under the Nonlinear Analysis Load Option.

\Wte:

When translating for ABAQUS EXPLICIT, you should typically only define the Time
Period and Scale Factor. You can specify a Max Time Increment, but this may cause the run
tofail in many cases.

Number of Eigenvectors/Points, Min, Max and Shift Frequency

Thisinformation is written to the second card of the * FREQUENCY, *BUCKLE, and
*STEADY STATE DYNAMICS options. For the * FREQUENCY procedure, ABAQUS
will extract frequencies until it reaches either the number you specify or the Max Frequency
limit. A Shift Frequency can be specified if you do not want to recover frequencies near 0
Hz. For buckling analysis, only the number of Eigenvalues and the Max Frequency are uti-
lized.

The user may specify the number of pointsto be utilized in the analysis as well as the mini-
mum and maximum frequencies for frequency/harmonic response analyses. These values
aretranslated directly to the second card of the*STEADY STATE DY NAMICS option. The
user can also specify additional individual frequencies of interest by inputting a function
containing alist of frequencies under the Solution Frequency option contained under Create
Load Dynamic Analysis. Values contained in this table will be written as single frequency
values to be analyzed by ABAQUS.

te:

It isimportant to define the Dynamic Analysis options for any load set with which you plan
to perform a Transient or Frequency Response analysis. These options control whether a
direct or modal type of analysisis performed. If no solution method is chosen for the
selected load case, or the solution method does not agree with the selected type (i.e. solution
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method is a frequency type and you chose Transient), the STEP will not be written and
FEMAP will prompt the user with an error message. Furthermore, ABAQUS requiresthat a
*FREQUENCY analysis be performed on a previous step when choosing modal superposi-
tion. If amodal solution method is requested on the load case chosen for the STEP and
modal analysis has not been selected on a previous STEP, FEMAP will again prompt the
user with an error message and the STEP will not be written.

NonLinear Geometry:

If checked, adds the NLGEOM option to the * STEP command. This will account for geo-
metric non-linearity during this and subsequent steps, and isonly relevant for stress analysis.
This option is required for models which use hyperelastic materials. FEMAP will recognize
that hyperelastic materials exist in the model, and then check this option. If thisoption is
checked when you enter FEMARP, de-selecting it will almost always cause your analysisto
fail.

Linear Perturbation Step:

If you check this option, the PERTURBATION option will be added to * STEP, indicating
that the current step represents a change from the previous step (as opposed to an indepen-
dent load step).

Requesting Output
Here you can choose the output that will be calculated for each step. The first choiceis
whether output should go to the Print file, PostProcessing file, or both. If you plan to use
FEMAP for postprocessing, you must choose the Post option (or Both). The print frequency
can also be controlled, but must be input as part of the load set, again under Nonlinear Anal-
ysis Load, Output Every Nth Step.

The various output types are self-explanatory. Simply choose the ones you want. Be aware
however, ABAQUS does not produce all types of output for every element or analysis type.
If you check an option, but do not get output, that is probably the reason.
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Finally, you can choose to recover either integration point or nodal output for elemental data.
FEMAP will automatically recover centroidal dataif you request any elemental output, sim-
ply because centroidal values are required for postprocessing.

te:

The Write Zero Increment allows the user to write an initial condition step to the output
which can be useful when performing Multi-Set animation. This option, however, is only
availablein ABAQUS 5.6+.

Include File...

...alowsyou to input afile into the current *.inp file that you are writing to include informa-
tion which may not directly supported by FEMAP Thisfile will be placed at the end of the
previous selection. You can select afile before you even write a step to include information
in the model portion of the *.inp file. If you would like to include afile inside a step, simply
select the step, press OK, and then press the Include File button. The file will then be written
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beforethe *END STEP card. If All Load Sets as Individual Stepsis chosen, FEMAP will
only write the file at the end of the Last STEP written. It will not include thefilein all
STEPs. Therefore, the File Include option should rarely be used with the Load Sets as Indi-
vidual Steps option.

You can even use this option to define afull STEP for analyses not currently supported by
FEMAP  If thisfileisincluded before the first STEP, you simply define the STEP in your
file, including the * STEP option as the first line and the * END STEP asthe last line. If
STEPs have already been defined, you must start the file with an *END STEP to complete
the previous step, and then define the * STEP information. The *END STEP should not be
included in this case at the end of the file because FEMAP will automatically writethis card.

Specifying Additional Analysis Steps
To write the STEP that you have just defined to the file, simply press the OK button. You
will notice amomentary flash of the dialog box, and the window title will change to reflect
the new step number that you are defining. You can repeat this process as many times as nec-
essary, selecting new loads, constraints, or other options. After writing the final step (by

pressing OK), simply press Cancel to complete the process and close the ABAQUS input
file.

7.2.1.3 Overrides/Group Contact

This section describes element formulation overrides as well as group (old) contact. It is
important to note that all element formulations can be chosen in FEM AP with the Formula-
tion option under Elem/Prop type or the Modify Update Elements Formulation command.
The optionsin this particular dialog box cause the element formulations to be overridden by
the chosen option.

te:

It isimportant to note group contact (old) was made obsolete by inclusion of Contact Seg-
ments and pairs directly in FEMAP.

ABAQUS Model Write

Title ||

™ Hybrid Elements
™ Cubic Beams

I Rigid Elemerts a3 TIE MPCs

[ LineElements —————————

i~ Shell and Membrane Elements
™ Thick Shell Behaviar
™ Reduced Integration
™ 5DOF Elements

[ Solid Continuum Elements—————————
™ Hybrid Elements ™ Contact Elements
I™ Plane Strain a5 Plane Stress
 Standard
£~ Incompatible Modes
" Reduced Integration

i~ Kinematic: Constraint Set

™ Preersion 5.4 Format

This dialog box allows you to specify
options that control how your model
will be written for both structural and
heat transfer analysis types. Structural
analysis types utilize all these dialog
options, while heat transfer analyses
utilize only Title, Initial Conditions,
and Write All Groups as Sets, Some of

I— Lonstraint lﬁ .

™ i T - s these options are repeated from the

ntegration Points [Blank=D efaul Initial Condiions - X ) ]
Feediabni. L main ABAQUS Model Write dialog

¥ it Al Groups 2 St Figidsutaces.. | | Sidslines. | box, and will not be explained here.

FigdBodes.. | ConactPais. | .
Line Elements
0K I Cancel |

These options allow you to choose the
element formulation that will be used
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when FEMAP Line (Rod, Bar, Beam...) elements are written to your ABAQUSfile. FEMAP
will read the types of elementsin your model file, and will either use ABAQUS Planar (2-D)
Beams, Trusses, etc. if plane strain or axisymmetric FEMAP element types are present, or
(3-D) Beams and Trusses in Space if plane strain or axisymmetric element types are not
present.

If you choose the Hybrid Elements option, then FEMAP will choose the appropriate hybrid
type (T3D2H, B31H, PIPE31H...). If you check Cubic Beams, FEMAP Bar and Beam Ele-
ments will be trandated to B23 or B33 (B23H or B33H with hybrid selected), instead of the
B21, B31 elements. FEMAP Rod Elements which where formerly translated as C1D2,
C1D2H elements are now translated as T2D2, T2D2H, T3D2, and T3D2H ABAQUS Truss
elements. The C1D2 serieswill only be output if pre-Version 5.4 Format is checked.

\ydte:

When performing an axisymmetric or plane stress/strain analysis, all beam orientation vec-
tors will be written as (0, O, -1), the negative z axis, as required by ABAQUS. You should
take care to define your inertias based on this orientation.

Shell and Membrane Elements

These options allow you to choose the element formulation that will be used when FEMAP
Planar/Shell (Membrane, Plate, Laminate,...) elements are written to your ABAQUSfile.
Each option has specific effects on the writing of certain elements. These options are each
discussed briefly below. Linear triangular €lements have the most available options due to
the capability of ABAQUS to use humerous degenerate quadrilaterals astriangular €le-

ments. For this reason, a summary table is provided for the FEMAP triangular planar/shell ;'
element in the following table s
:
. pre- 2
AE?:erlr:tS Irigrz;?gn DDty TSEIeICII( Tr izlnag;I$ VEEII g
For mat L
STRI35 | OFF N/A OFF OFF N/A
STRI3 OFF N/A OFF ON N/A
S3R OFF N/A ON N/A N/A
S4R ON OFF N/A N/A OFF
S4R5 ON ON N/A N/A N/A
S4RF ON OFF N/A N/A ON

The Thick Shell Behavior Option has an effect on linear triangular, linear quadrilateral, and
parabolic quadrilateral elements. If Reduced Integration is OFF and Thick Shell Behavior is

ON, linear triangles will be written as S3R elementsinstead of STRI3 or STRI35. Quadrilat-

eral linear elements will be written as S43 elements with “Thick Shell” ON, instead of S4R5
or S4RF elements, and parabolic quadrilateral elements will be written as S8R instead of
S8R5 elements.
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Reduced Integration controls the writing of triangular el ements as degenerate quadrilateral
elements. It has no effect on true quadrilateral elements. If Reduced Integration is selected,
all triangular elementswill be written as degenerate quadrilaterals (S4R, AR5, or SARF, and
S8RY). If this option is not selected, triangular elements will be written (S3R, STRI3, or
STRI35, and STRI65).

Choosing “5 DOF Elements” enables you to choose S4R5 elements instead of S4R or S4RF
elements, as well as S8R5 elements instead of S8R elements for parabolic quadrilaterals.
The final option in this section, “Flat Triangles”, enables you to write linear triangular ele-
ments as STRI3 elements instead of STRI35 elements. This option has no impact unless nei-
ther Reduced Integration nor Thick Shell options are chosen.

\Wte:

The S4RF elements were combined with the S4R Elements in ABAQUS v5.4. These ele-
ments are only written when pre-Version 5.4 Format is checked and neither 5-DOF nor
Thick Shell options are selected. If neither of these options are chosen and pre-Version 5.4
Format is not checked, linear quadrilateral elements will be written as S4R elements.

In addition to choosing the element formulations, you can also set the number of integration
points to be used with planar elements. If you leave this value blank nothing is written and
the defaults for each element type are used. If you specify a value, it is written to the
*SHELL SECTION commands.

Solid Continuum Elements

Just like for Line and Shell elements, checking Hybrid tells FEMAP to select elements that
use a hybrid formulation (CPxxH, CExxH, CAXxxH and C3DxxH). In addition, you can

select from the Standard, Incompatible Modes and Reduced Integration formulations.
Incompatible Modes chooses the “I” series (CPxxl, C3Dxxl...) elements, when available.
Reduced Integration chooses the “R” series (CPxxR, C3DxxR...) elements, when available.
You may also choose special modified contact elements for parabolic triangular Plane Stress/
Plane Strain elements (CPx6M...) and parabolic solid tetrahedral (C3D10M and C3D10MH)
elements. These elements are only available in ABAQUS v5.6 and greater.

Since FEMAP has no 2D Plane Stress element in its element library, you must use plane
strain elements, even when trying to model plane stress problems. Then, to represent plane
stress, simply check the “Plane Strain as Plane Stress” option, and FEMAP will use CPSxx
elements instead of CPExx elements.

Pre-Version 5.4 Format

This option allows you to select a format for the input file that is compatible with versions
prior to ABAQUS 5.4. This option generates changes involving S4RF elements, Truss Ele-
ments, Membrane Elements, Rigid Surfaces, and Rigid Bodies,. The element S4RF was
combined with element S4R in version 5.4 and is only written if pre-Version 5.4 Format is
checked. Truss elements (TnD2 series) now replace the C1D2 series linear link elements.
Membrane elements now have their own *"MEMBRANE property card for ABAQUS ver-
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sion 5.4. If pre-Version 5.4 is selected, * SOLID SECTION is used asthe property option for
membrane elements.

If the Pre-Version 5.4 Format button is not checked, Rigid Surfaces and Rigid Bodies can be
modeled with the ABAQUS * CONTACT PAIR approach. If this button is selected, Rigid
Bodies and Contact Pairs should not be utilized, and special Interface Elements will be gen-
erated to model contact with Rigid Surfaces (see Defining a Rigid Surface.)

Rigid Surfaces...

...simply lets you select a FEMAP group which will be translated as arigid surface, and the
associated slave surface, Contact Node Set, or interface elements. Refer to the following sec-
tions for information regarding how to define the group.

Slide Lines...

...simply lets you select a FEMAP group which will betrandlated as adide line, and the
associated interface elements. Refer to the following sections for information regarding how
to define the group.

Rigid Bodies...

...simply letsyou select aFEMAP group which will be translated as arigid body, and the
associated slave surface or Contact Node Set. Refer to Defining a Rigid Body for more
information regarding how to define the group.

Contact Pairs...

Pressing this button will allow you to utilize FEM AP groups to define a Contact Pair. Refer
to Defining a Contact Pair for more information regarding how to define these groups.

Important Note Regarding Group Contact Modeling

You should review the restrictions concerning contact modeling in ABAQUS. FEMAP per-
forms many checksin an attempt to prevent you from violating these rules. Even though
these checks are quite extensive, they are not all inclusive. Therefore, the user should care-
fully define the elementsin the surfaces of the Contact Pair.

In addition, FEM AP has three restrictions in addition to those maintained by ABAQUS. The
first isthat structural and continuum elements may not be included in the same slave surface.
If this type of contact is required, two separate contact situations must be created. Secondly,
structural elements will automatically be written with their positive normal (SPOS or S1) as
the contact side. The user must create the model in this manner, or reverse the normal direc-
tion using either Modify Update Element Reverse or Tools Check Normals commands. If
contact must be maintained on both sides of these elements, the user must either create two
sets of elements with opposite normals, or simply edit the input file, changing the appropri-
ate SPOS (or S1) to SNEG (or S2). Thefinal FEMAP restriction isthat continuum elements
must be a subset of the exposed surfaces of the model.

FEMAP will also utilize the ABAQUS defaults for sliding type and trimming. Finite sliding
will be used as the default, while Small Sliding will be chosen when Finite Sliding is not
available (such as contact between 3-D deformable bodies). Automatic Trimming will also
be utilized for slave surfaces containing continuum elements. Master surfaces with contin-
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uum elementswill not be trimmed. The user must modify these options manually if different
options are required.

Defining a Rigid Surface

Although FEM AP does not have the equivalent of an ABAQUS rigid surface, the translator
can use a FEMAP group to create one. First, however, you must properly construct your
model and the group that you will use. The entities of the group will differ based upon the
Pre-Version 5.4 Format button.

ABAQUS v5.4 or Above (Contact Pair approach)
To successfully create arigid surface, a FEMAP group must contain the following entities:

O Either One or more Lines or Arcs, or a Surface.

O One Reference Node

O One or more FEMAP elements or Nodes defining the slave surface.
O Optionally, asingle GAP Property.

If you select Lines and/or Arcs, they must form a continuous path. You must select the lines
such that as you would walk along the lines, the contact is on your left. This can be accom-
plished by using View Options, Tools and View Style, Curve and Surface Accuracy to show
the direction of the lines. Thefirst line selected must be the start of the rigid surface, and it
must be in the proper direction. FEMAP will automatically form the remaining linesin the
appropriate direction.

Thelines and arcs will be converted to a Segment (if there are plane strain or axisymmetric
elementsin the model) or CY LINDER rigid surface. Splines may not be chosen, and if you
choose arcs, they must always have an included angle less than 180 degrees. If you need
larger arcs, simply break the arc into pieces before you export.

If you select a FEMAP surfacein the group, it will be converted to arigid BEZIER surface.
The number of surface divisionsthat are set for the display of the surface will be used to cre-
ate the VERTEX and PATCH commands for the BEZIER surface. If you want a better sur-
face definition, just increase the number of surface divisions. Although the BEZIER surface
with VERTEX and PATCH options are no longer documented in ABAQUS v5.4 and higher,
they are still available. However, for most contact problems, it is recommended that the
RIGID BODY approach be utilized.

You must a so select areference node for the rigid surface. This node can (and usually
should) be constrained in your model. The motion, or lack thereof of this reference node will
determine the motion of the rigid body.

The final required contents of the group are either one or more elements or nodes defining
the slave surface. If elements are present, FEMAP will attempt to write these elements as a
slave surface. If no elements are in the group, FEMAP will assume that the slave surfaceis
defined with a Contact Node Set. The first node selected in the group is always used as the
reference node for the rigid surface. This node will not be written as part of the Contact
Node Set. All nodes selected in this group after the first (reference) node will be written as
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part of the Contact Node Set. FEMAP will only write a Contact Node Set if there are no ele-
ments contained in the group.

The GAP property is used to control the * SURFACE INTERACTION command. Out-of -
plane thickness or cross-sectional areawill be written on the * SURFACE INTERACTION
card if specified in the selected GAP property. Friction properties can also be specified
(including ANISOTROPIC) on the GAP property and will be written on the *FRICTION
command. If you are performing 3-D contact with plates, you will also have to supply an
Interface Normal on the GAP property so FEMAP can properly orient the 3-D surface.

pre-ABAQUS v5.4 (Interface Element Approach)
To successfully create arigid surface, a FEMAP group must contain the following entities:

O Either a Surface, or one or more Lines and/or Arcs

O One or more FEMAP Line or Plane Plot-Only Elements
O One Reference Node

QO Optionally, asingle GAP property.

If you select a FEMAP surfacein the group, it will be converted to arigid BEZIER surface.
The number of surface divisionsthat are set for the display of the surface will be used to cre-
ate the VERTEX and PATCH commands for the BEZIER surface. If you want a better sur-
face definition, just increase the number of surface divisions. If instead you choose Lines
and/or Arcs, they must form a continuous path. They will be converted to a SEGMENT (if
there are plane strain or axisymmetric elementsin the model) or CYLINDER rigid surface.
Splines may not be chosen, and if you choose arcs, they must always have an included angle
less than 180 degrees. If you need larger arcs, simply break the arc into pieces before you
translate.

In addition to the geometry, you must create and select Plot-Only elements along the edge/
face where you want to check for contact. These are then translated to IRSxx interface ele-
ments.
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Next, you must select a reference node for the rigid surface. This node can (and usually
should) be constrained in your model. It is referenced by al of the Interface elements.

The GAP property is used to control the *INTERFACE command. If you specify a coeffi-
cient of friction (Y direction) on this GAP property, it will be written asa*FRICTION com-
mand.

Defining a Slide Line

The process to define aslide line is very similar to that for arigid surface. In this case how-
ever the group must contain:

O One or more Plot-Only Line Elements
O Anordered series of nodes to represent the dide line
O A GAP Property
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The Plot-Only Line Elements are converted to interface (1SLxx) elements, and the Nodes are
written as the Slide Line. You must be careful to select these items into the Group in the
proper order. FEMAP simply translates them in the order that you select them.

Again, just asfor rigid surfaces, the Gap Property is used for friction on the *INTERFACE
command.

te:

When selecting items into the group, you should always use the “ID” rules. Selections using
other methods do not allow FEMAP to determine the proper ordering for the output and will
be ignored.

Defining a Rigid Body
Similar to Rigid Surface contact, FEMAP will allow you to create ABAQUS rigid bodies by
selecting a FEMAP group. The procedure is very similar to rigid surface definition, except
one or more FEMAP Line or Plane Plot-Only Elements must be contained in the group to
define the rigid body instead of lines and arcs.

To successfully create a rigid body, a FEMAP group must contain

O One or more FEMAP Line or Plane Plot-Only Elements

O One Reference Node

O One or more FEMAP Elements or Nodes defining the Slave Surface
O Optionally, a single GAP property.

The Plot-Only elements are utilized to define the rigid body. Either Line or Plane Plot-Only
elements must be selected, but not both. Planar elements will be translated to R3D3 and
R3D4 elements, while line elements will be translated to R2D2 (if plane strain elements are
present), RAX2 (if axisymmetric elements are present), or RB3D2 elements. These elements
must be created such that the positive faces of the element define the contact surface.
FEMAP will automatically choose the positive normal to define the master contact surface.
All Plot-Only elements contained in the group will be written as rigid elements, referencing
the rigid body.

The Reference Node, Slave Surface, and GAP property are all chosen similar to the Rigid
Surface Definition. Please refer to the section above Defining a Rigid Surface, ABAQUS
v5.4 and higher for information regarding selection of these entities.

Rigid Elements can only be used in one Rigid Body definition. However, this rigid body can
be put in contact with multiple surfaces. To create rigid body contact between several sur-
faces and the same rigid body, simply define a group for each contact pair, and select the
same Reference Node and Plot-Only elements in each group. You must take care to select
the same Plot Only elements because FEMAP will assume a new rigid body is being defined
if the element selection is not identical, and errors will result. Once the Plot Only elements
and Reference Node are appropriately selected, you may then select different elements or
nodes in each group to define different slave surfaces. FEMAP will generate the slave sur-
faces and put them in contact with the Rigid Body.
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Defining a Contact Pair

FEMAP also has the capability to define contact pairs between deformable elements. To suc-
cessfully create a Contact pair you must create:

O One Group containing the elements of the master surface
O A Second Group containing the elements or nodes of the slave surface
O Optionally, a GAP Property containing width/area and/or friction information

When you select the Contact Pair button, you will be prompted to input the group of the
Master Surface, followed by a prompt for the Slave Surface, and finally the Property to
define the * SURFACE INTERACTION and *FRICTION options.

7.2.1.4 Performing an ABAQUS Analysis

Once you have translated your model, you can analyze it with ABAQUS in the normal man-

ner that you use with any other datafile. Alternatively, if you are running both FEMAP and
ABAQUS on Windows NT, you can have FEMAP automatically launch ABAQUS, run the
solution, and recover the results. In this case, before you start FEM AP, you need to define an
environment variable. Thisis normally done through the Windows NT Control Panel and the
“System” option. When this option is displayed, you should define a variable named
ABAQUS_EXE, that has a value equal to the complete file/path name of the ABAQUS exe-
cutable. For example:

ABAQUS_EXE = c:\abaqus\v541\ abaqus. exe

Once that variable is defined, FEMAP will automatically ask you if you want to start th
analysis after each translation. Similarly, you will be able to use the File Analyze com

After your analysis is complete, FEMAP will automatically read the results back into yq
FEMAP model. You will not have to use the File Import Analysis Results command aga
load the results.

7.2.1.5 Reading ABAQUS Models

Just as you can translate a FEMAP model to ABAQUS you can also read a ABAQUS
into FEMAP. From the ABAQUS input file (*.inp) FEMAP can read node and element
nectivity along with most material, property, load, constraint and contact definitions.
FEMAP can now also read the *INCLUDE command which references external files that
include other model data. To read the input file simply choose File Import Analysis Model,
and then choose the input file you want to read. If * INCLUDE commands are present in the
file FEMAP will also read those files specified in the path.

7.2.1.6 Postprocessing ABAQUS Results

When you have completed your ABAQUS analysis, you can load results into FEMAP for
postprocessing. You must also start with a FEMAP model that corresponds to the ABAQUS
analysis.

FEMAP reads the ASCII formatted ABAQUS Post File (*.FIL). You must include a *FILE
FORMAT, ASCII command, along with *NODE FILE, *EL FILE, and *CONTACT FILE
commands in your model to produce this file. As long as you built your model in FEMAP,

SHOLVISEVY L
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and choose the Post option when you translated, these commands will be added automati-
caly.

\Wte:

If you have an ABAQUS EXPLICIT binary resultsfile (*.res), you will need to run the
ABAQUS convert utilitiesto convert it to a* fil file. This, however, is still abinary file,
which must then be converted to an ASCII file (which will have the extension *.fin) using
utilities provided with ABAQUS.

To load the results, choose the File Import Analysis Results command and select ABAQUS.
FEMAP will display the standard file access dialog box so you can choose the file that you
want to read. Before reading data from afile, you will seeabrief description of thefilein the
Messages window, and you will be asked to confirm that thisis the file you want to read.
FEMAP will then read the output data.

Output for Postprocessing

7.2.2

The formats and contents of the ABAQUS files are described in the ABAQUS User’s Man-
ual. From the Post file FEMAP will read Nodal Displacements, Velocities, Accelerations,
Reaction Forces, and Loads. In addition, FEMAP reads Elemental Temperatures, Stress
Components, Stress Invariants, Section Forces and Moments, Strain Energy and Total Strain
Components. These output types are supported data. FEMAP also has the capability to read
many ABAQUS output types under Unsupported Data, including Nodal Temperatures,

Nodal Heat Fluxes, and Elemental Heat Fluxes.

From the values that are read, FEMAP will also compute magnitudes of the nodal values
(i.e. Total Translation, Total Rotation,...). Likewise, if they were not read from the file,
FEMAP computes principal, max shear, mean, and Von Mises stresses whenever possible.

ANSYS Interfaces

FEMAP provides direct interfaces to the ANSYS PREP7 and postprocessing file formats.
You can write a FEMAP model to the ANSYS PREP7 format for analysis, read an existing
ANSYS model, or read analysis results for postprocessing.

7.2.2.1 Writing an ANSYS Model

The File Export Analysis Model command allows you to write your FEMAP model into a
file that can be read by ANSYS PREP7. This file contains PREP7 commands, just like the
ones you would use if you were going to run ANSYS directly.

Starting to Export

After you choose File Export Analysis Model and select ANSYS, there are nine write

options available: (1) Static, (2) Modes/Eigenvalues, (3) Transient Dynamic/Time History,

(4) Frequency/Harmonic Response, (5) Random Response, (6) Buckling, (7) Nonlinear
Static, (8) Nonlinear Transient Response, and (9) Steady State Heat Transfer. Press the but-
ton that corresponds to the type of analysis that you plan to perform. For all cases, you will
see the ANSYS Model Write dialog box.
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Revision

Itisvery important that you set
this option correctly for the ver-
sion of ANSY Sthat you will be
using. There are significant
changes in commands and con-
ventions between ANSY S
Revisions 4.4 and 5.x. If you
choose the incorrect version, your model will almost certainly fail to run. Revision 5 isthe
default. Furthermore, only Static and Modal Analysis are available for ANSY S Revision 4.4.

Title
If you would like atitle added to your model, simply typeit here.

ANSYS Model Write

Title |

¥ white Commands for Automatic 5 okve
™ Use lterative Solver [5.2 and above)

Analyzie Memomny [Blank=0efault] I MBytes Cancel |

Commands for Automatic Solve

If you check this option, FEMAP will write additional commands to the end of your ANSY S
file. These commands automatically perform the analysis when you load the file into

ANSY S, or run the model in batch mode. This command is automatically selected for Tran-
sient, Frequency, Buckling, and Nonlinear Transient analyses. Do not select this option if
you are running a Static, Modal, or Nonlinear Static analysis and want to load the model into
ANSY S, and then review it in PREP7 before beginning your analysis.

Use lterative Solver
This option invokes the ANSY Siterative solver, and is only applicable for ANSY Sv5.3+.

Large Deformation Effects

For Nonlinear Analysis (both Static and Transient), you a so have the option to choose Large
Deformation Effects. Simply click on this option if you would like to include these effects.
This option will not appear if you did not select a Nonlinear Analysis Type.

Specifying the File
When you press OK, you will see the standard file access dialog box. You must specify the
name of the file that you want to create. The default file extension will be “.ANS”, but
can choose any filename.
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Preparing for Static Analysis

After you choose afile, FEMAP will write your model geometry to thefile, then ask for the
Constraints and L oads that you want to trandlate. A series of dialog boxes will be displayed.

Choose the constraint Select Constraint Set to Translate [Cancel to __.
set to translate for )
analysis, then Entity 1D
‘ [ Constraint B
1..Constraint &, Ok
Choose one or more 2. Constraint B _ [
load sets to go with that constraint set, ezl J
then
Entity Selection - Select Load Set[z] to Translate
Shift§B
@ Add  Bemove © Exclude e """”I Reset Ctrll-> i[;Z
b Il _tol Q"Jh Erevious | Delete | [ |
oy
Eigzitje I j Mare | I ettied = | Cafcel |
Choose Yes, if you FEMAP
want to create » :
additional constraint OF. to Translate Additional Constraint ahd Load Sets?

and load combination

or Choose No to

HNo |

Cancel |

finish translating. !

With these dialog boxes, you can combine multiple FEM AP constraint and |oad setsinto any
number of ANSY S loading conditions. As shown in the diagram, each time the dial og boxes
are displayed, you can choose one constraint and multiple load sets. Aslong as you choose

“Yes” in the final dialog box you will be able to write additional sets.

You may also define multiple load and constraint sets for Nonlinear Static analysis, however,
the first load set chosen must have active Nonlinear Analysis options. If Nonlinear Analysis
options are not defined, FEMAP cannot translate the load sets. If Nonlinear Analysis options
are defined for the first load set, these options will be used for all following load sets since

ANSYS does not allow modifications after entering the solution process.
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Preparing for Modal Analysis

If you choseto tranglate for Modal Analysis, Iy WA wrm—
you will see an additional dialog box, prior to
the constraint and load sel ection dialogs

¥ Translate Master DOF Set

—Automatic DOF Selection

described above. Humberef DOE o
This dialog controls the Master degrees of el I Explude Fintaisnal DOF
freedom that will be used in your modal anal- | | MadalExpansion

ysis. If you have defined the master degrees of | Number of Medes / Freuencies o
freedom that you want as a separate constraint Min Frequency [
set, just check “Translate Constraint Set”, a | MaxFrequency [
choose the set from the drop-down list. If NC | = cacuste Element Resuts

you will probably want to check the Auto-
matic DOF Selection “Enable” option. This K| _ Coed |
will instruct ANSYS to automatically select

the master degrees of freedom for you. Enter the number of degrees of freedom that you
want ANSYS to select in the “Number of DOF” option. If you only want ANSYS to select
translational degrees of freedom, check the “Exclude Rotational DOF” option.

For Rev 5, you can also select the Number of Modes to extract, or limit modal extraction to
a Min/Max Frequency range. If you want to calculate elemental results (forces, stresses...),
check the Calculate Element Results option, otherwise, only nodal results (mode shapes...)
will be computed. These options only apply if you are writing solution commands to the file.

When you press the OK button, you will see the constraint and load selection dialogs
described above.
Preparing for Transient and Nonlinear Transient Analyses

Preparing for these types of analyses is very similar to preparing for Static and Modal
ysis except only one load set and one constraint set may be chosen.

SHOLVISNYVY L

The load case selected must have the correct Dynamic Analysis Solution Option chos
prevent translation errors. If Dynamic Analysis options are turned Off, or a mismatch og
between solution and analysis type (i.e. you chose Transient Analysis but the Dynamig
ysis Solution Option for the chosen load set is Direct or Modal Frequency), an error meSSage
will appear and the load set will not be written.

If the Analysis Type and the Dynamic Analysis option match, FEMAP will automatically
determine whether to use a FULL (direct) or MODAL analysis method based upon the
Dynamic Analysis Solution Option. If a direct method is active in the Dynamic Analysis
Solution option, the Constraint Set dialog box appears and you can select the appropriate
constraint set, after which the translation is completed. If a modal method is active, FEMAP
will first write commands for the Modal solution and then the transient solution. The
ANSYS Dynamic Analysis Options (see Preparing for Modal Analysis) dialog box appears
to allow you to select information related to the initial Modal Analysis.

Translating for Nonlinear Transient analysis is identical to Transient analysis except that the
Modal Transient method is not available, Nonlinear Analysis options must be active, and the
user can choose to activate Large Deformation Effects. If a Modal Transient Solution
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Method is selected, or Nonlinear Analysis options are not active, an error message appears
and the load set is not written.

Preparing for Frequency/Harmonic Response Analysis

Preparing for Frequency analysisisidentical to Transient Analysis except for an additional
dialog box which appears at the end of trandation. This dialog box isidentical to the
ANSY S Dynamic Analysis Options dialog box and is used to select the number of frequen-
cies and the frequency range to be analyzed. If aModal Frequency Solution Method is cho-
sen, this dialog box will appear twice. The first time you must choose the options for the
initial Modal Analysis, while the second time it appears you can only choose the Number of
Frequencies, Min/Max Freguency, and whether to calculate Element results. All other

options are disabled.

Preparing for Random Response Analysis _
Preparing for Random analysis isidentical to Tran- Nodal Dutput Request
sient Analysis except for three options: (1) the % Displacemeni & Relative  © Ahsoluts
ANSY S Dynamic Analysis Options dialog box ¥ Velacity ) Relaties. ) Absolts
alway's appears because amodal analysisis required £ Reidive ) hsabits
before every random analysis, and (2) multiple load o | caneal |

sets can be chosen. All displacements valuesin the
chosen load sets will be exported as base excitations (D), while all forces will be applied as
Nodal Excitations (F). (3)Random Output for is requested through the ANSY S Output for
Random Analysis Dialog box.

Preparing for Buckling Analysis

Buckling analysis simply requires the writing of a Static Solution followed by a Buckling
Solution. Only oneload set and one constraint set may be chosen for Buckling Analysis. The
only other input required is the number of modes to be extracted and whether Elemental
Results should be calculated. These are selected in the standard ANSY S Dynamic Analysis
Options dialog box.

Notes on Dynamic Analyses

Itisimportant to review the limitations on Transient and Frequency Response loading condi-
tionsin ANSY S. Loads on the same node or elemental face must have the same time history
(Transient) or same phase (Frequency). If they do not, FEMAP will write the loading condi-
tions assuming the last time history/phase, and you will most likely get results for adifferent
loading condition than desired.

Also, with regard to rayleigh damping, you can define al pha and beta damping for frequency
analysis by defining the Overall Structural Damping Coefficient (G) and in some cases, the
frequencies for element and system damping.

For frequency and random response analyses, FEMAP will automatically compute a phaand
beta. If only one frequency is defined for the analysis, FEMAP assumes aphais 0 and com-
putes beta from G/wi where wi is the frequency. If arange of frequencies are specified,
FEMAP will compute al pha and beta based on the equation

G = al pha/wi + beta*w
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by assuming G is constant over the frequency range. Two simultaneous eguations are pro-
duced at the two frequencies which define the range.

For rayleigh damping in transient analysis, FEM AP uses the Fregquencies for System Damp-
ing (W3) and Element Damping (W4) input under Model Load Dynamic Analysisto com-
pute alpha and beta damping values. Alphais simply the product of the overall structural
damping coefficient (G) and W3 (Freguency for System Damping). Betais G divided by W4
(Frequency for Element Damping). If G iszero, Rayleigh damping isignored. Also, if W3 or
W4 is zero, apha or beta, respectively, will not be written.

Preparing for Heat Transfer Analysis
Preparing for steady-state heat transfer analysisis just like preparing for static analysis
described earlier, except that instead of defining nodal constraints, you define nodal temper-
atures (in a Load Set) for your boundary conditions.

Preparing for Nonlinear Contact Analysis

Surface-to-surface contact is defined in ANSY S using a combination of contact surface and
target segment elements. ANSY S looks for contact only between contact surfaces and target
segments which share the same real constant set. The real constant set is defined using the
M odel-Contact-Contact Property command. By pushing the ANSY S... button, the KEY -
OPTs can a so be modified. The target segments (TARGE169 (2-D) and TARGE170 (3-D))
can be either rigid or deformable and are defined using the M odel-Contact-Segment/Surface
command. When defining arigid target, only Line Elements OR Face 1 of aplate element
can be used. The contact surfaces can be 2-D (CONTA171 and CONTA172) or 3-D
(CONTA173 and CONTA174) and can be defined using the same command, but must be
deformable. In order to model contact, a contact pair must be created using the Model-Con-
tact-Contact Pair command. The dialog box asks for a Master (the Target Segment) and a
Slave (the Contact Surface), as well as a Property (the shared real constants set). The time
steps for anonlinear analysis must be set up using the Model-L oad-Nonlinear Analysis com-
mand
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HINT: If creating arigid entity use line elements for 2-D Analysis and plate elements with
the element normal direction facing the contact for 3-D Analysis.

Special Cases

Depending on the contents of your model, you may see additional questions or warnings as
thefileistranslated. For example, ANSY Srequires certain | Ds, especialy for coordinate
systems. If your model has entities which are outside of the allowable ID range, FEMAP

will ask if you want to renumber prior to trandating. Likewise, axisymmetric and other 2-D
elements must liein the global XY plane for ANSYS. If you have built your model in adif-
ferent global plane, FEMAP will ask if you want to automatically realign it to the XY plane.
FEMAP can only “flip” between global planes. You should never build an axisymmetric
model in a skewed plane.

For axisymmetric models, you will also have an opportunity to specify a scale factor for
loads. This factor is normally 1.0, but can be adjusted depending on whether you specified
loads on a per radian or per revolution (360 degrees) basis. This is especially important since
the required conventions change between ANSYS Revision 4.4 and 5.0.
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7.2.2.2 Performing an ANSYS Analysis

Depending on where you plan to run ANSY S, the preliminary steps can be somewhat differ-
ent. For example, if you are not running ANSY S on the same computer as FEMAP, you will
have to transfer the file to the computer where ANSY S resides. Once that has been done
however, there are two basic approaches to running the file that you just created. To run
interactively, simply startup ANSY S, and enter the command:

/I NPUT, filename, ANS

where “filename” is the name of the file that you created. This assumes that the file is in the
current directory and you used the default filename extension. To run in batch mode, you can
specify the name of your model on the ANSYS command line, as follows:

ANSYS -1 fil enane. ANS

You can also use the -O command line option to name the output file, and the -J option to
name other files. If you are planning to run in batch mode, make certain you have FEMAP
write the commands for automatic solution in your file.

7.2.2.3 Reading an ANSYS Model

Just as you can translate a FEMAP model to ANSYS, you can also read ANSYS models into
FEMAP. Since FEMAP reads PREP7 commands, there are several possible files that can be
read. If you built your model with PREP7, you should have an ANSYS log file that contains

a list of all of your commands. If you only used commands that FEMAP supports, you can
read your log file. In most cases however, this will not be possible. The log file will probably
contain meshing or other model generation commands that cannot be read. In that case, load
your model into ANSYS and use the CDWRIT command to produce an expanded file (nor-
mally FILE28). The CDWRIT command expands meshing and other generation commands
into a format that FEMAP can read. Reading an expanded file does not guarantee that every
command will be read, but it certainly increases the number of commands that are sup-
ported.

When you begin to read a file, you will be asked for the ANSYS Revision level (4.4 or 5.0)
of the file that you are going to read. Again, just like when you write a file for ANSYS, this

is an important selection. Due to the differences in conventions, it is very unlikely that your
model will translate correctly if you choose the wrong revision.

The only other input required is to select the file that you want to read using the standard file
access dialog box.

7.2.2.4 Reading ANSYS Analysis Results

When you have completed your ANSYS analysis, you can load the results into FEMAP for
postprocessing. You must always start with a FEMAP model that corresponds to the ANSYS
analysis. If you do not have one, or if you have changed the ANSYS files since you trans-
lated them from FEMAP, you must first start a new FEMAP model and read the ANSYS
model, as described in the previous section.
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Revision 4.4

For Rev 4.4 (and before), FEMAP can read two types of ANSY S output files - the binary

output found in the standard ANSYS FILE12, or the “formatted” output produced by the
BCDCNV command and typically written to FILE14. In either case, FEMAP assumes a
default file extension of “.DAT". You do not have to tell FEMAP which type of file you are
reading. You simply specify the filename and FEMAP determines the type based on the con-
tents of the file.

If you are running ANSYS on the same computer as FEMAP, the binary FILE12 is usually
the best approach. If you are running FEMAP on a different computer, or are having trouble
reading the binary files, the formatted files can often provide a more reliable alternative.

Revision 5.x

Output for Postprocessing

7.2.3

For Rev 5, FEMAP reads the standard binary results file. This file is created automatically
by ANSYS, and FEMAP assumes a default file extension of “.RST"” for structural results

and “.RTH” for thermal results. The results file is in ANSYS external file format and can be
moved between computers so that FEMAP can read it. These files are binary and should be
transferred between computers as binary files.

To load your results, choose the File Import Analysis Results command and select ANSYS.
After you select the ANSYS Revision, FEMAP will display the standard file access dialog
box so you can choose the file that you want to read. Before reading data from a file, you
will see a brief description of the file in the Messages window, and you will be asked to con-
firm that this is the file that you want to read.

The format and contents of the ANSYS output files are described in the ANSYS User”
Manual, Programmers Manual, and in the description of the ANSYS Element Library.

As stated above, you must have a FEMAP model before reading the output file. FEMA
does not read the model information from your results file. FEMAP does read the disp
ments, elemental forces, stresses and strains, and reaction forces.

MSC/NASTRAN Interfaces

FEMAP provides direct interfaces to the NASTRAN model and output file formats. You can
write models for Static, Modal, Transient Response (Direct and Modal), Frequency
Response (Direct and Modal), Random Response, Buckling, Nonlinear Static, Nonlinear
Transient, Steady-State Heat Transfer, and Transient Heat Transfer analysis, read existing
models, and read the standard printed output file for postprocessing.

SUCLVISNYY L

NASTRAN from other Vendors

If you are using UAI/NASTRAN, ME/NASTRAN, CSA/NASTRAN, COSMIC NASTRAN

or SSS/NASTRAN you should always use the FEMAP translators that are specifically for
those versions. If you are using some other version, you may have to make slight changes t
the files that FEMAP produces or requires to make them compatible. Depending on how
closely your vendor's NASTRAN output matches MSC/NASTRAN output, you may have

to make more significant changes before you can postprocess. The NASCRUSH program,
described later in this section, can help with some of these changes.
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7.2.3.1 Writing a NASTRAN Model

The File Export Analysis Model command allows you to write your FEMAP model into a
file that can be read by NASTRAN. Thisfile contains the three required sections: Executive
Control, Case Control, and Bulk Data.

Asyou begin to tranglate, you will see the standard file access dialog box, where you can

choose the name of the file to create. The default filename extension is “.NAS”, but you can
choose any filename. If you have axisymmetric elements in your model, FEMAP will ask a
few other questions before the file dialog. These are described later in this section.

After you choose

NASTRAN Analysis Control the file, you will see
~Analysis Condiion hddionallio——————— | tha MSC/NAS-
Analysis Type [1. static [=| || 1enbar o Tirns Sisp: o TRAN Analysis
[f--Oriied o || e Control dialog box.
 Constraints | | DLy iz [ Qﬁen, this _Single
I lts Condons | & T Run findlysis dialog box is all that
I Iterative Salver Restarts... | IS reqwred to create
— Output Frequest a NASTRAN input
Dutput Types | 0. Standard =l S I ,TI file.
For Group |0 Entire Model =l Cancel | Analysis Type

This list specifies

the type of analysis

that you want to perform. It should always be set to the same type that you chose in the File
Export Analysis Model dialog box, but this gives you an opportunity to change your mind.

Loads, Constraints and Initial Conditions

These lists are used to choose the load and constraint conditions that you want to analyze.
Although most analyses require these conditions, if you want to skip them, you can simply
turn off the check box to the left of the option that you wish to ignore. Otherwise, you must
choose a set from the available lists. The default values will always be the active load/con-
straint set.

For heat transfer analyses, you will notice that constraint sets are not used. Rather, loads and
constraints are both selected from a load set. FEMAP translates nodal temperatures, in the
same set as the other thermal loads, as thermal constraints (boundary conditions). In addition
however, you can choose a constraint set if you have any constraint equations to be included
in your model. Again however, this is only for constraint equations, not nodal constraints.

te:

\Wlf your analysis requires multiple constraint sets, you will have to press Advanced and go
through a more detailed definition of the Case Control. This dialog box can only be used for
a single constraint set analysis. This is also true for multiple load sets except for Static and
Nonlinear Static Analysis Types. If multiple load sets are required for these two types, you
can still go through Advanced, or press the Loads button at the bottom right portion of the
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box. This option allows you to select FEMAP Load Sets with the standard Entity Selection
dialog box. The load setswill be written as separate subcases in the order in which they were
chosen. Remember, if you use this option, each load set to be analyzed will have the same
constraint set.

Output Types

Thislist allows you to request the type of output you want. The default - Standard Output -

varies depending on the type of analysis that you are performing. For example, for static

analysesit includes Displacements, Constraint Forces, Applied Loads, Elemental Forces and
Elemental Stresses, while for Modal Analysisit includes only Displacements and Constraint

Forces. The list also includes other specific options (Displacements Only, Displacements

and Stresses) and an “All” option. The “All” option does not necessarily request all output
available in NASTRAN. It does request the same output as Standard plus some additional
types like Elemental Strains and Constraint Equation Forces. If you need more control over
Output Selection, you must press Advanced.

For Group

If you want to limit output to a subset of your model, you can define a group which contains
the Nodes and Elements that you want. When you select that group from this list, all output
requests, whether nodal or elemental, will be based on the entities in that group. If you need
more control, such as multiple groups, or limiting only certain types of output, you will have
to press Advanced.

Additional Info

Depending on the type of analysis you are performing, there may be one or more opti
available in this section that allow you to further control your analysis.

For Static, Nonlinear Static, Nonlinear Transient Response.
and Steady State Heat Transfer, no Additional Info is [ Adional rfo
required or even available. For Modal or Buckling, you car|
specify the number of modes/eigenvalues that you want tg Frem 2
recover and a frequency range of interest. This is also true | T2 "
Modal Transient and Modal Frequency Response Analyse| I FiunAnalysis

Murmber of Modes
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Heat transfer analyses require control over the number of
time steps and the time increment at the start of the analysis.

In addition, you can specify an Output Step Interval to minimize the amount of output. For
example, an output step interval of 3 means that output will only be written for every third
step.

Your choice of the time stepping and time increment are cru-

- Additienal Info """ cial to proper convergence to an accurate solution. To assist
Number of Tine Steps ~ [10 you in defining these values, the Estimate button can be used.
Il Time Increment——~ [1 When you press Estimate, it will examine the model that you
Output Step Interval [ have defined, including material properties, the duration of
I~ RunAnalysis esmse ||| any functions, and your mesh, and make a guess at the values

for the other options. Remember, this is just an educated
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guess based on your model. It may not be what you intended to analyze. It is ultimately up to
you to set these values appropriately.

Run Analysis

Thisoption isused by the version of FEMAP included in the MSC/NASTRAN for Windows
product to automatically begin the analysis, otherwiseit is not currently used.

Iterative Solver

When this option is checked, FEM AP will write the necessary commands to invoke the
MSC/NASTRAN iterative solver.

Restarts...
... alows the user to specify whether they

want to perform a Normal analysis (the
default), Save Databases for a Restart
o (only currently available in the bundled

~ Bestart Previous Analysis cancel_| MSC/NASTRAN for Windows Product),
or to Restart from a Previous Anaysis. If
the user selects Restart Previous Analysis,
the standard file selection dialog box will appear, and they will need to select the old NAS-
TRAN database from which to restart.

Multiple Load Cases

As mentioned previoudly, this button is only available for Static and Nonlinear Static types
and only if your model contains more than one load set. It is used to select multiple load sets
to be written as separate subcases. Each subcase will have the same constraint set and print
options. If different constraint sets are required, or different print options for subcases are
needed, you must use Advanced.

Setting Advanced Options

Asmentioned several times above, if your model is more complicated, or you need more
control over thefile that is produced, you will have to press the Advanced button. This will
lead to a series of additional dialog boxeswhere you can control each step of the trandation.
The remainder of this section will tell you more about those dialog boxes.

Restart Contral

& Mormal Analyzis - Mo Festart Capabiling
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I

If you aretrandating for Normal Modes or
Buckling Analysis, you will seethe NAS- Ml ey il il
TRAN Dynarnl c Ana|y5| s dl al Og bOX. — Modal Solution Method —Range of Interest
These parameters are used to define the Meted D [ :I:?H[:Z] |—
EIGR (EIGRL) command that controls C Givens _
your modal analysis. A similar box will © Modiied Givens [ Figenvakies and Eigemvestore——
appear for Transient and Frequency € Irsise Power funben Esinaizd
Response Analysis, except you will have £ iversePower/stgm || erResied
the option to select Direct or Moda Solu- @ Bl —Nommalization Method
tion Type. If you choose Direct, no modal € ModfedHowshoder || © Moz o) ——
options are available. If you choose & Lansos Wil r
Modal, the same options are available as ) ) Beint T
those shown above.

Cancel |

\ydte:

It isimportant to realize that when you pick either a Direct or Modal Solution Type, it must
match the type that you specified in your Load Sets. When you get to the Case Control Defi-
nition, you will only be allowed to select Load Sets that match the type of analysisthat you
select here.

Solution Method

The Method ID specifies the ID of the EIGR command. It is also used in the Case Control
section on the METHOD command to select the EIGR command. The other optionsin this
section allow you to choose the method that will be used for modal extraction. Refer to your
NASTRAN documentation for more information regarding which method will be best for
your model. Depending on which solution method you choose, the various other options can
be used in different combinations.
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Frequency Range of Interest
These options select the range of frequencies where eigenvectors will be computed.

Eigenvalues and Eigenvectors

The estimated number of rootsis only used for the Inverse Power solution method (where it
isrequired). The number of desired vectorsistypically an alternative to the frequency range.
Instead of specifying frequencies, you can choose to recover a number of eigenvectors with
the lowest frequencies.

Normalization Method

These options choose the method for eigenvector normalization. Mass normalizes to the unit
value of the generalized mass. Max normalizesto the largest component of mass in the anal-
ysis set, and Point normalizes to the mass at a specific nodal degree of freedom. If you
choose Point normalization, you must also specify anode ID and degree of freedom.
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Executive Control

The next dialog is used to define the Executive Control commands for your NASTRAN
model

There are four executive control com-

MASTRAN Executive and Solution Control mandS and two &)l ut| on Opt| ons S.Ip'
Direct Dutput T |CiwBicidas Restats. | | ported in the standard Executive Control.
[EieuieEanE inghiéeFie. [ | The Problem ID iswritten as atitle to the
Problem D IR T Itk | ID command. The Solution Number
Solution Nurber [SESTATICE | | wibteExee | selects the DMAP “solution sequence”
Mas Time (inminutes) ~ [10000 e | that will be executed. FEMAP will auto-
Diagnostios | CEND matically define this as SESTATICS,
S clator o 4_| SEMODES, SEDTRAN, SEMTRAN,
[ aoluion Uphong
_ SEDFREQ, SEMFREQ, SEBUCKL,
; e _— NLSTATIC, NLTRAN, NLSCSH, or
__txel || NLTCSH, but you can change it to any of

the numerical sequences that you want to
use.

The Max Time option sets the maximum allowable CPU time for this analysis. Do not set
this number too low, or your analysis will terminate prematurely. You can also specify andy
diagnostic lines, and whether to use the iterative solver, and set the number of processors. If
you simply press OK, this standard Executive Control, along with a CEND command will be
written.

The Direct Output To option is used by the version of FEMAP included in the MSC/NAS-
TRAN for Windows product to specify a location for the NASTRAN output, otherwise it is
not used.

If you want further customization, the other push-buttons provide that control.

Restarts

When you hit this button, you will see the NASTRAN Restart Control dialog box (shown in
NASTRAN Analysis Control dialog box option above). You can choose a (1) Normal Anal-
ysis, (2) Save Database for Restart, or (3) Restart Previous Analysis. The Save Database
option is only available in MSC/NASTRAN for Windows product.

Include File

If you want to include another text file in the Executive Control section, just press this but-
ton. You will be able to select the file with the standard file access dialog box. This capabil-
ity can be used to include standard DMAP alter sequences, Job Control (JCL) statements, or
other standard modifications to the beginning of your NASTRAN file. Just save those stan-
dard changes in a file, and include them with this option.
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Type Input

If you want to make “one-
time” changes, simply
press Type Input and then

NASTRAN Type Input

input the line into the fol-  &=ttre

lowing dialog, and it will Moe | ok | cancel |
be added to the NASTRAN

file.

After you type your command, press OK, or press More if you want to continue typing addi-
tional commands.

Write Exec and CEND

This button writes the standard Executive Control, but stays in the dialog box so you can add
additional commands (with Type or Include) following the standard commands. If you press
this button, use the CEND button when you want to exit the dialog box. Once you press this
button, it and the OK button will be disabled to prevent you from accidently writing a second
copy of the Executive Control.

Skip
Press this button if you want to go on to the Case Control without writing any additional
information.

Case Control

After you have finished the Executive Control, the following dialog box will appear if yq
are doing a structural analysis:

x|

NASTRAN Case Control
— Output Request:

) Mag/FPhase
& Eealimag

™ Element Cormer Outplt

[ GPForce Bal=

|1 ..PostProcess Only

j ™ Welacity =

™ Acceleration =

(‘Nof‘AII(‘SetI
(‘Nof"ﬂllf‘Setl
(‘NDFAII(‘SetI

SUOLVISNYY L

V Displacement= ¢ No @ Al Setl ¥ Elemert Force = ¢ Mo & &l Setl
W Applied Load = o No & a0 Setl ¥ Elemert Stress = ¢ Mo & all Setl
W Corstraint Force = € No & 2l Setl [T Elemert Strain= " Mo & A © Setl

™ MPC Force = I Na Al C Setl [T ShainEnergp= Mo & ) Setl

—tinalysie Caze Request: Set Definition

SUBCASE ID (D=Master Case] | ECHO [NONE Mode Set...
1D I‘I 4'

oOTE= |

Elem Set...

W SUBTITLE = |

7 LagEL= |

W' Loads = |1..Untitled =l Skip |
Include File... |

™ Constraints [ SPC ) = I j BEGIM BULE |
T Input....

I ConstatEars (WPC)= | o
wiite Caze...

I Nitia Earditinns = I j &l Cancel |
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Or if you are performing a heat transfer analysis, asimilar, but slightly different dialog box

is used:

NASTRAN Case Control

— Caze Control Request: Set Definition
OutputFor — [0.Frint Only e [

ECHO [NONE|

7 TTLE - I Mode Set...
[ SUBTITLE = I Elem Set...
W LABEL= |
V¥ Loads and Constraints = |1 Load Set1 j Inglude File... |
I Initial Canditions = f || Tepslnput.. |
" MPC Set = 1. Constraint Set 1 =
¥ Temperatures = CiNone & a1l O Setl—
¥ dppledloads= O None @& Al Cosst[
IV Corstraint Forces = € None @ Al € Setl—
™ MPC Forces = C None Al Setl— &l
¥ Heat Flux = O Mone £ A Setl— BEGIN BULK |
¥ Enthalpy = CiMene @8l Cosaf
W EnthlbyRate=  CoNome @ A Cosel Cancel |

While these dial og boxes appear complicated, they are divided into three readily understand-
able areas: (1) Set Definition, (2) Analysis Case Requests, and (3) Output Requests. For
thermal analysis, both Analysis Case and Output Requests areas are combined in the Case
Control Requests section.

Defining Sets
Usually you want to recover output for all nodes and/or elements, but if you do want to limit
your analysis output, you must defineaNASTRAN SET that selectsthe node or element IDs
that you want. You can define these sets with the controlsin the Set Definition section of the
dialog box. First, specify a Set ID (which you will refer to later in the Output Requests sec-
tion of the dialog box for output recovery), then push either the “Write Node Set”, or “Write
Element Set” button. You will see the standard entity selection dialog box, where you choose
the entities that you want in the set. The Set ID will automatically increment so you can
define the next set.

Analysis Case Requests
The standard Case Control which is written if you simply press OK does not use subcases.
All selections are written directly to the Master Case. To perform multiple analyses with dif-
ferent load and/or constraint sets, you can define multiple subcases. Subcases are available
only for structural non-transient Analysis types (i.e. Static, Normal Modes, Buckling, and
Nonlinear Static).

Defining Subcases

You can define multiple subcases by choosing a Subcase ID, setting the desired options, and
pressing the Write Case button. The Subcase ID will automatically increment, and options
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for the next subcase can be defined. When you define your last case, press the OK button
instead of Write Case to go to the Bulk Data dialog box. If you want some options to apply
to all subcases, you can write them to the master case before defining your first subcase by
simply pressing Write Case before you define a subcase ID.

SUBCASE ID

As stated above, this option should be set to the ID of the subcase you want to create. If it is
blank (or 0), the Master Case will be created.

ECHO

This option determines how the model will be written in the standard output file. The
default, SORT, will write your model in sorted al phabetical order. If you do not want the
model to be listed in the output change thisto NONE.

TITLE, SUBTITLE, and LABEL
These three options specify the titles that will be used at the top of every output “page”.

LOAD, SPC and MPC Sets and Initial Conditions.

These options choose the loads, constraints, and Initial Conditions for this case. FEMAP will
write all available constraint sets in the Bulk Data portion of the file. FEMAP will also write
all available load sets in the Bulk Data section except for Heat Transfer (Steady State and
Transient), and Structural Transient Solution Types (Transient Response, Frequency
Response, and Nonlinear Transient). Only load sets which are chosen in the Case Control
will be written in the Bulk Data for these problems. You must choose the combination o
that you want to analyze in the Case Control. This is a primary reason for using multipl
cases when this option is available.

The LOAD option allows the selection of a load set to activate for this subcase. The S
option chooses the constraint set for nodal constraints, and the MPC option chooses t
straint set for constraint equations. If you do not want any of these options, or if you h{
activated one for all subcases (in the Master Case), simply turn off the box at the left of
options.

SUGLVISNVAL

You can also specify Initial Conditions for the analysis by defining a separate load set
contains only initial conditions, such as Displacements or Velocities. Initial Conditions
only available for Transient and Heat Transfer analyses.

Output Requests

This section controls what output will be calculated and written to the output files. The
default output file for this information is the OP2 file, which is chosen with the PostProcess
Only option. You may change this to the FO6 Option for Print Only, or select both. If you do
not want a certain type of output, switch it to None. If you only want output for a selected
portion of your model, choose Set, and specify the Set ID. Remember, however, you must
define the Set using the Set Definition options. If you are going to postprocess, you will
probably want to choose All (or None, for those types of output that you do not want). For
Frequency Response Analyses, you can also chose to recover output in either Magnitude/
Phase or Real/Imaginary format.
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Include File and Type Input

These buttons allow you to include additional commands in your Case Control. Refer back
to the Executive Control section. These buttons work the same as they did in that section.

Write Case and BEGIN BULK

This button writes the selected options to the file and increments the Subcase ID. You can
then write additional cases, or include custom commands, before proceeding. When you are
finished with the Case Control, you must then press BEGIN BULK, to go on to the Bulk
Data without writing additional cases. If you press OK, you will go on, but the options that
you have set will be written as an additional case.

Skip

Press this button if you want to go to the Bulk Data without writing any additional informa-
tion.

Random Response Analyses

For Random Response analyses, you must specify additional output requests. The version of
MSC/NASTRAN you are running will determine what type of output you can obtain. If you
have selected Random Analysis, FEMAP will ask you if it is OK to translate for Version
70.5 or later. Version 70.5 of MSC/NASTRAN changed the output format for random
response results. Previoudly, al random results were output through the XY plotting rou-
tines. From version 70.5+, NASTRAN now has a separate output request for random
response results which is similar to requests for stress, strain, etc.

If you say YESto the 70.5+ question, you
~ Nodal Dutput Requests—————————— will seethe NASTRAN Output for Random
£ Nore Analysis dialog box:
" Power Spectral Density Functions
£ Autoconelation Functions You can select PSD Functions and/or Auto-
T correlation Functions for Nodal and Ele-

[ Epree Qe Reauest ment Output. The Frequency vs. Response
® Pz Spestial Dirshy Rupsians output will beread asa XY plot. Theinfor-
£ Autosanelation Funstions mation you request will then be exported to
£ Bath Output 2 results file (op2).

—Additional Dutput Requests——————————— .

I Response v Fiequency (3¢ Plot] = If you select pre v70.5 format, you will need

to define each individual output for the Ran-
dom XY plots. You should carefully define
which output types are required for your analysis when using because large amounts of out-
put will be obtained if all output types are requested for a significant portion of alarge
model.
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After selecting the type of output using
the Output for Random Analysis Dialog
box shown here, you will then select the
nodes and elements for which this output
is required through the standard FEMAP
Entity Selection Box. Random XY Plot

HNASTRAN Output for Random Analysis
—Modal Output Request:
Displacement 112 12l BT R2[ R3
Acceleration Frmm 12 1arC R CR2C R2

— Elemental S tresse:

Springs [~ Awial
results will only be obtained for those Fods I adal T Torsional
nodes and elements you select.You may Bars I Asial
therefore limit the number and type of Enda [ Loct [ loc2 [ Loc3 T Locd
Random output requi red. EndB ™ Loc1 [ Loc2 T Loc3 I Locd

Beams Erda T Losl T Loc2 T Loc3 T Locd
EndB [T Los1 I Loc2 [T Loc3d I Locd
Flates  Botton [ ®Momal [ ¥ MNemal [ XY Shear

You may also limit the output to Sum-
mary Data Only. Only the summary of

the XY plotswill be obtained. There will Top [ %Momal [ Nomal [ % Shear
be no information concerning individual Solids % Momal I ¥Momal [ ZMNomal
valuesvs. frequency. The Summary Data [~ /%¢Shear I YZShear [ 2¢Shear
On|y Option is most useful when you Agizym ™ Radial ™ Azim T~ Asial T Shear
need to recover RM S values for your
entire model, but do not need the contri- W S DS Oy Cancel_|

butions from the individual frequencies.

Heat Transfer Analyses
For heat transfer analysis, you must specify additional

iteration control and convergence information.
— Step Contral

For Transient Heat Transfer, you must input the desired Numberof Tine Steps —
number of time steps, initial time increments, fre- el T Inerement I
quency of output and the maximum number of itera- Outout Ste;IntervaI —

I 0

tions. You can also choose to require convergence on
Temperature, Load, or Work criteria within specified

Iax |terations per Step 1
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Val ues — Convergence T olerances

V' Temperature
For Steady State Heat Transfer, you aso have the ¥ Load I
option of choosing the convergence tolerances, but not F wok —

the step control.
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Bulk Data
After the completing the
NASTHAN Bl Case Control, you will see
— Farrnat | — PARAM e e . .
& . the adjoining dialog box:
* Small Field P AUTOSPC & MSC Cosmic
" Large Field [CSys, Material, Prop] ¥ GRDENT ID— FO rm at
" Large Field (40 But Elementz] r \:"TMASS 3 ) )
¢ Lage Field [T These options determine
oot | W o the format that will be
S :: MaxaTo - [TE.0 used to write your Bulk
-3 A5 ID.D1
Data commands. B
" COUADR, CTRIAR = | INREL default FEMAPUSiS
~Analsi Set Bl ieLs small field format (8 char-
oot | | acter fields). If you want
Caser [T H| | o % PRGPST extraprecision, for al, or
reser [ o] some of your model, you
rsweorl ] e Fie. | sp | can choose one of the large
r co1 e ———— | _Ehiooara | field formats (16 character
fer —l\’j — fields). The large field for-
3 ek | | mats obviously produce a

largefile and onethat is

harder to read. You should

not choose that format unless it is necessary. The “limited” large field formats allow you to
selectively write large field formats for certain entities and small field format for others.
FEMAP does not write free field format.

Plate Type

MSC/NASTRAN supports two plate formulations. The main difference is that the
CQUADR and CTRIAR elements have rotational stiffness in the direction normal to the
plane of the element. By default however, CQUAD4 and CTRIA3 elements will be written.
These do not have any rotational stiffness in the normal direction. If you are using a non-
MSC version of NASTRAN, you may want to use the CQUAD4/CTRIAS option because
the CQUADR/CTRIAR elements may not be available.

PARAM

If you choose these options, FEMAP will write PARAM cards for those options selected.
You can also control the format of the AUTOSPC command to the MSC/NASTRAN con-
vention (PARAM, AUTOSPC, YES) or the Cosmic NASTRAN convention (PARAM,
AUTOSPC, 1). If you want to use additional parameters besides those listed, they can be
added with the Type Input or Include File buttons.

Analysis Sets

These options will write the various mutually exclusive analysis sets to your Bulk Data.
Each of these options allows you to select a Constraint Set that will be translated to the
appropriate format for that analysis set.
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Typicaly, for static analysis you will not want to choose any of these sets. For modal analy-
sis however, you will often want to choose an ASET to reduce the number of analysis
degrees of freedom. The other sets are rarely used.

Include File and Type Input

These buttons allow you to include additional commands in your Bulk Data. Refer back to
the Executive Control section. These buttons work the same as they did in that section.

Write Bulk and ENDDATA

This button writes your model to the Bulk Data portion of the File. You can then use the
Include File or Type Input buttons to include additional information after your model. When
you are done, press ENDDATA to write the ENDDATA command and exit the transl ator.

If you want to add datato the file after the end of your model, write the model with the Write
Bulk button, then add the ENDDATA command manually using either Include File or Type
Input. You can then add additional information with these same two buttons. When you are
done, press Skip to leave the translator without writing an additional ENDDATA command.

Skip
Press this button if you want to leave the trandlator without writing any additional informa-
tion (including the ENDDATA command).

Special Notes for Nonlinear, Creep, and Dynamic Analyses

When translating for these types of analysis, you must take to care to choose optionsin
translation identical to the options set in the selected load sets. For both Transient and Fre-
guency Response types, the selection on the Dynamic Analysisload for the selected |oad set
must match the analysis type (Transient or Frequency) and solution type (Direct or Modal)
Otherwise, FEMAP will not allow you to select that |oad case for translation.

Similarly, the Nonlinear Analysis options for the selected |oad set must be set to either Static
or Creep for Nonlinear Static Analysis, and to Transient for aNonlinear Transient Analysis.
Furthermore, Dynamic Analysis options must also be defined for Nonlinear Transient Anal-
ysisto provide structural damping information.
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To perform acreep analysis, two identical load sets, except for the Nonlinear Analysis Load
information, must be created and run in separate subcases. The first subcase must have a
Static Solution Type in the Nonlinear Analysis |oad definition, while the second subcase
must have a Creep Solution Type. All other load conditions must be identical between the
two subcases.

Special Notes for Models with Axisymmetric Elements

Since NASTRAN has some very specific requirements for axisymmetric analyses, FEMAP
must ask some additional questions as you translate your model.
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All axisym-
metric ele-

0K to Flip Model? ments must be
This mo_del containg 20 elements that must be located in a different plane. Choose Yes to flip, Mo to ranslate in current |Oca[ed | n the
arientation. G| Oba| XZ

o | plane (unless
you are using
Hyperelastic
Elements - then the model must be in the XY plane). FEMAP allows you to build your
model in any global plane, and will automatically flip your model to the XZ (or XY for
Hyperelastic) plane when you answer Yes to the above question. You should never answer
No, unless you aready know your model is in the proper plane.

FEMAP

Similarly, al axisymmetric element normals
must be consistent. Pressing Yes here will

0K to force all elament nomals ta lie along the corect global axiz? automatical |y check and Updme yOUr model
N | to the proper conventions

FEMAP

Some analysis programs require axisymmet-

EEslch i e ric loads be applied as total loads (i.e. the total force
IF-aCtm on the full circumference), while others apply loads
Cancel | on aper radian basis, and still others on a per unit

length basis. Depending on how you have defined
your loads, this scale factor |ets you translate them
with the proper values for NASTRAN.

Finally, because the preference

FEMAP in MSC/NASTRAN axisym-
OF. ta Update Axizymmetric Elements 7 metrl c anal y%s iS to use
Choose Yes to permanently change your model ko iangular elements with midside nodes. CTRIAX6 elements with mid-

oo | side nodes, FEMAP allowsyou
to automatically convert any
elements with no midside
nodes to elements with midside nodes by answering Yesto this question. Thisalso splits any
quadrilateral elements into triangles since there are no quad axisymmetric elementsin NAS-
TRAN. You must therefore press Yesif you have quadrilateral elements. If you answer No,
your elements are not updated. All triangles will still be translated as CTRIAX6 elements
with missing midside nodes.

te:

While this automatic update changes the element connectivity to add midside nodes, it can-
not automatically update any loads or boundary conditions. This can result in elements that
have corners restrained or loaded, but which have midside nodes that are unrestrained and
unloaded. Depending on the conditions you are trying to model this may be incorrect. You
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should carefully check the modified model and decide whether any changes need to be made
prior to completing your analysis.

If you have made any of these changes to your model, you will also be asked to save it after
the translation has been completed. To insure compatibility with the results of your analysis
for postprocessing, you should always save the updated model.

Special Notes for Heat Transfer Analysis

If you are performing a heat transfer analysis, the translator not only producesthe NAS-
TRAN file, it also updates your FEMAP model to prepareit for postprocessing. Since NAS-
TRAN uses surface elements (CHBDY ) to apply many thermal |oads rather than applying
them directly to the structural/conduction elements, most heat transfer analyses reguire some
model modifications. To simplify load definition, FEMAP aways allows you to define heat
transfer loads directly on the faces of the structural/conduction elements. During the transla-
tion however, new surface elements are automatically created in your model as Plot-Only
Plate elements. These represent the equivalent CHBY Di elements that were written to the
NASTRAN model.

If you want to
successfully

postprOCe$ OK to Save Model Now ?
the reSJItS Of Elements have been added to your model during translation. ou must save it before you exit if you want to postprocess.

your analysis, e
you MUST I |
save this
updated model, since many of the thermal results are reported on the CHBY Di elements. If
you do not save these new elements, FEMAP will not be able to display those results.

7.2.3.2 Performing a NASTRAN Analysis

Depending on where you plan to run NASTRAN, the preliminary steps can be somewhat
different. You may not be running NASTRAN on the same computer as FEMAP, so you

may have to transfer the file to the computer where NASTRAN resides. In some cases,
NASTRAN will also require that your NASTRAN filename has an extension of “.DAT".
these cases, you will have to either rename the file, or choose a “.DAT” hame when yq
translate (since the FEMAP convention is “.NAS").

FEMAP

SUOLVISNYY L

Once these things have been completed however, the basic approach to running NASTRAN
is usually the same, simply enter the command:

NASTRAN fi | enane

where “filename” is the name of the file you created. Again, this can vary depending on the
type of computer system you are using. Refer to your NASTRAN documentation for more
information.

7.2.3.3 Reading a NASTRAN Model

Just as you can translate a FEMAP model to NASTRAN, you can also read NASTRAN
models into FEMAP. When you read a model, FEMAP does not look at the Executive or
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Case Control information. Only the Bulk Dataisread. In the Bulk Data, FEMAP can read
small field, large field, or free format commands.

Limitations
FEMAP cannot currently read any Heat Transfer specific loads or other commands.

LSEQ, TLOAD, RLOAD, NOLINi, and many other nonlinear and dynamics commands are
not read. Asaresult, each load in the BULK DATA for the dynamics model will beread asa
separate load case. You can modify the bulk data so FEMAP will read all of these loads by
changing the SID of each load to the same number. However, you will still have to modify
these loads in FEMAP because their references to functions, contained on TLOAD and
RLOAD cards, will be lost, although the functions themselves will be read.

FEMAP can directly read most NASTRAN structural models, but the following conditions
are not supported:

O Duplicate Element and Property IDs cannot be read directly. Some versions of NAS-
TRAN allow you to use the same element IDs for multiple elements, aslong as the ele-
ments have different types. FEMAP will read the duplicate information and then ask you
if you want to renumber elements, properties, etc. so all entities of agiventype (i.e. ele-
ments, properties, etc.) have aunique ID.

O MSGMESH commands
O Datareplication functions (=, ==, *x, =n, efc.)

QO Continuation “cards” that do not directly follow their “parents”. This also eliminates the
possibility of having multiple parents referencing the same continuation.

If you have any of these conditions in your model, FEMAP will issue errors when you read
the file. You can use NASTRAN to write an expanded, sorted, “punched” data file (use
ECHO=PUNCH) which can be read.

In addition to the above limitations, the following conditions are also not supported, but you
will have to remove them manually by editing your model.

O Obsolete Elements. Refer to the table at the beginning of this chapter for more informa-
tion on the commands that are supported. If you have other elements, you will have to
change them to a supported type before they can be read.

Reading the Model

When you begin to read a file, you will see the standard file access dialog box. Simply
choose the file you want and press OK. FEMAP will read the file without any further input.

7.2.3.4 Postprocessing NASTRAN Output

To postprocess NASTRAN analysis results, you can either read the Binary Output 2 results
file (typically called “OP2") or the standard printed output file in FEMAP (typically called

the “F06" file). There is no special setup, or DMAP, required. FEMAP simply reads the file.
you would otherwise read manually or print. In general, you should use the OP2 reader. It is
much faster, and less prone to errors than the F06 reader, although you may want to read the
fO6 file to obtain the warning and error messages.
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Transmitting the File

Since you may have performed the analysis on a different computer, you may have to first
transfer the output file to the computer where FEMAP resides. Since thisfile can be rather

large if it an FO6 file, you may want to “compress” it first, using the NASCRUSH program
(described later in this section).

When you transmit the file, you must be certain your communications or networking soft-
ware does not modify the file in any way. If you are having any problems reading output for
postprocessing, the first thing to check is the settings in your communication program. Ifitis
expanding carriage control, truncating lines, or modifying the file in any other way, you can
have problems. The F06 file must be transmitted as an ASCII file, otherwise carriage returns
may not be properly inserted. The OP2 file should be transferred as a binary file, and
FEMAP will perform any byte-swapping that is required when reading the file.

Reading the File

After you run NASTRAN, choose the File Import Analysis Results command and select
MSC/NASTRAN. FEMAP will display the standard file access dialog box, and you can
choose the output file you want to read. When you press OK, FEMAP will immediately
open the file and display the first few lines in the Messages and Lists Window. FEMAP will
then ask if you really want to read the file you selected. If you answer Yes, FEMAP will read
your output.

You must always read the NASTRAN output into your original FEMAP model. If you did
not create your model in FEMAP, just use the File Import Analysis Model command to
ate a FEMAP model, then read the output into that model.

FEMAP will read many types of NASTRAN output, including: ;'
DISPLACEMENT - Displacements/Eigenvectors %
VELOCITY - Velocities g
ACCELERATION - Accelerations 3
MPCFORCES - Multipoint Constraint Forces s
SPCFORCES - Constraint Forces
OLOAD - Applied Loads
FORCE - Element Forces
STRESS - Element Stresses (Linear and Nonlinear)
STRAIN - Element Strains (Linear and Nonlinear)

ESE - Element Strain Energy

FLUX - Temperature Gradients and Fluxes
THERMAL - Temperatures, Heat Flow
ENTHALPY - Enthalpy

HDOT - Enthalpy Change

FEMAP will also read the Failure Indices for layered composite elements. In addition,
FEMAP will also read Complex Output, in both Magnitude/Phase or Real/Imaginary format,
for most of the above structural output types.
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In addition to the output in the file, FEMAP can optionally compute additional output during
the trandation. For example, FEMAP will always compute the magnitude of all displace-
ments and rotations. Likewise, FEMAP will automatically compute principal, max shear,
mean, and Von Mises stresses, if they were not read, but the data necessary to compute them
isavailable. For large models with significant amounts of output, you may not want to auto-
matically compute these values. You can skip this computation by turning it off with the File
Preferences Interfaces command. The default isto compute these values.

Limitations

The following limitations and recommendations apply when you are trying to postprocess
NASTRAN output with FEMAP. Most of these limitation apply strictly to the fO6 reader,

but
Q

o

afew also are pertinent to both readers.

Elemental corner forces, stresses, and strains are not read for axisymmetric elements.
This data can bein your file, but it is skipped.

For Modal analysis, you must request the same output for al eigenvalues which are
duplicates for the f0O6 reader. If you do not, FEMAP may associate output data with the
wrong one of the duplicate eigenvalues. Since knowing which eigenvalues are duplicate
before the performing the analysisis difficult, it is generally best to request the same out-
put for all modes/eigenvalues. Although it is not required, it is best to always request
DISPLACEMENT output in amodal analysis. If you have DISPLACEMENT output,
FEMAP will label al of your output sets with the mode number and frequency. Other-
wise, the output will be labeled with the eigenvalue.

For Nonlinear Static analysis with axisymmetric elements, only the last set of stresses
will be read from the f06 file. Therefore, if intermediate step output is contained in your
file, FEMAP will create Output Sets for the different steps, but will only postprocess
stress results for the last output step.

Hyperelastic elements return stress and strain data at the Gauss points. FEMAP uses the
data at the closest Gauss point as the data at the center or element corner. No interpola-
tionis done. These are really Gauss point values. Corner datais not created for 6-Node
CPENTA Hyperelastic element data. Gauss points for this element are at element mid-
sides and are not mappable to corner values.

In general FEMAP requires SORT1 style output for the f06 reader. FEMAP can read
some nodal results (Displacements, Velocities, Accelerations, Constraint Forces, Applied
Loads, Temperatures and Other Heat Transfer Data) and elemental heat transfer resultsin
SORT2 format if there are less than 2000 steps.
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Reviewing Messages and Errors

If you are reading the printed (FO6) file, when FEMAP
has finished reading the results, you will see the Message
Review dialog box.

This displays the number messages of each type found in
thefile. You will almost always see some Warning and
Information Messages. If you want to review the mes-
sages (always recommended), press Show Detailsto dis-
play the Message Review Details dialog box.:

The messages will
be displayed at the

Meszage Review Details

Messzages

Meszage Review
[ FatalEmars]

1 ‘“Waming Message(s]
1 Information Meszage(z)

Continue

top in the order
they appeared in
thefile. Initially,
the Details will be
blank. Select a
message by click-

= |SER WARNING MESSAGE

4]

Detailz

ing onitinthetop, EPSILON
and the Details sec-
tion will befilled
with the number of
“Detail Lines”
from your output

file that follow the

LOAD SEQ. MO.

1 E.7901560E-16
SPCFORCE RESULTANT
T1 T2 T3

1.6564511E-04

Rl R2
MaxIMUM SPCFORCES
T1 T2 T3

Fil
1]

R

Detail Lines

e

ER INFORMATIOM MESSAGE 5233 FOR DATA BLOCK KLL
EXTERNAL WORK

1 -2.9587444E-14 1.5892843E-13 -9.9993932E +01 8.1434853E-14 -56.8342220E-14 -3 0506644E-14

A3

EPSILONS LARGER THAM 007 AR

j

Help

message.
Using NASCRUSH.FOR

The FEMAP postprocessor can read either the original ASCII output file from NASTRA
or a file that has been compressed using the NASCRUSH program. The advantage of
pressing is that the file will be smaller to transmit. The disadvantage is that it will no lo

be as readable, or printable, as it was before.

SHOLYISNVH L

Although we say that NASCRUSH “compresses” files, all it really does is remove extra
spaces which are not needed when the file is read by FEMAP. This approach makes the
source file very simple, and fairly portable to any computer where you are using NAS-
TRAN. We have found that it can typically reduce the output file size by 50 to 60%.
Remember however, if you areusing M SC/NASTRAN this step isentirely optional.

FEM AP can read uncompressed filesjust aswell as compressed ones.

te:

We have not thoroughly tested FEMAP with “hon-MSC” versions of NASTRAN, except for

the ones with dedicated translators, and make no claims that it will work correctly. If you are
using one of these versions, it is up to you to check the results thoroughly before accepting
them as correct. If you do experience any problems, please let us know.
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Using NASCRUSH

7.2.4

Thefile NASCRUSH.FOR (or the other variations) can be found in your FEMAP directory.
Itisa FORTRAN source file that you can compile with aimost any FORTRAN compiler.
Before using NASCRUSH the first time, follow these steps:

1. Transfer NASCRUSH.FOR to the computer where you are running NASTRAN.

2. Compile NASCRUSH with the FORTRAN compiler on that system. Link with the appro-
priate FORTRAN libraries. Resolve any compilation problems.

3. Place the NASCRUSH executable in a directory where it can be accessed and assign any
necessary security permissions.

The procedure to run NASCRUSH will vary significantly depending on what operating sys-
tem you are using. Here are afew examples:

For DOS or UNIX, type:
nascrush <file.f06 >file2. f06

For VAX/VMS type

ASSIGN file.f06 SYS$I NPUT
ASSIGN file2.f06 SYS$QUTPUT
RUN NASCRUSH

No matter what computer or operating system you use, NASCRUSH simply reads the origi-
nal file from the standard input and writes the compressed file to the standard output.

CSA/NASTRAN Interfaces

In addition to the MSC/NASTRAN interfaces, FEMAP provides direct interfacesto CSA/
NASTRAN from Computerized Structural Analysis and Research Corp. Since the input and
output formats for CSA/NASTRAN are essentially the same as MSC/NASTRAN, the
FEMAP interfaces are also essentially identical. The description in this section will be lim-
ited to the differences between CSA/NASTRAN and MSC/NASTRAN. You should refer
back to the previous sections which described the MSC/NASTRAN interfaces for more spe-
cific information.

7.2.4.1 Writing a CSA/NASTRAN Model

The process that you follow to write a CSA/NASTRAN model isjust like the options used
for MSC/NASTRAN. You simply usethe File Export Analysis Model command, choose the
CSA/NASTRAN format, and complete the same dialog boxes described above for MSC/
NASTRAN. You will notice that the CSA/NASTRAN files have adefault filename exten-
sion of “.dat”.

Options that CSA/NASTRAN does not support

FEMAP will write your model to CSA/NASTRAN using similar formats that are used for
MSC/NASTRAN. Certain options are not currently available for the CSA/NASTRAN trans-
lator, such as iterative solver, parallel processors, restarts, and OP2 output for random analy-
sis. These options will be hidden in the dialog box so you will not be able to select them.
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7.2.4.2 Performing a CSA/NASTRAN Analysis

If you are running CSA/NASTRAN on a PC with FEMAP, you may have FEM AP automat-
ically launch CSA/NASTRAN aswell asrecover results. You must define a Windows envi-
ronment variable, NASTDIR, which must define the location of a csanast.bat file. Thisfile
should contain the commands necessary for running CSA/NASTRAN on the PC. If this
environment variableis set, FEMAP will automatically ask you if you want to start the anal-
ysis after you export the file. If you start the analysis, FEMAP will monitor CSA/NAS-
TRAN and then automatically recover results when it is finished (assuming you do not
interfere with the FEM AP operation).

If CSA/NASTRAN ison adifferent computer than FEMAP, you must first transfer the data
file to the computer where CSA/NASTRAN resides. Then typically you will use the com-
mand:

csanast jid

torun the analysis, where jid isthefirst part of the filename (for example, jid.dat).

7.2.4.3 Reading a CSA/NASTRAN Model

Reading a CSA/NASTRAN model isjust like reading an MSC/NASTRAN model. Refer
back to that section for more information regarding limitations and possible solutions to
problems.

7.2.4.4 Postprocessing CSA/NASTRAN Output

To postprocess CSA/NASTRAN analysis results, you must read the binary results file (typi-
cally *.f11) or standard printed output file (typically *.f06") into FEMAP. This file is typi
cally called the “.f06” file. There is no special setup or DMAP required. FEMAP simply|
reads the file that you would otherwise read manually or print.

Transmitting the File

Since you may have performed the analysis on a different computer, you may have to
transfer the output file to the computer where FEMAP resides. If you are using the f06 f
can be rather large, therefore, you may want to “compress” it first, using the NASCRU
program (described later in this section).
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When you transmit the file, you must be certain your communications or networking soft-
ware does not modify the file in any way. If you are having any problems reading output for
postprocessing, the first thing to check is the settings in your communication program. Ifitis
expanding carriage control, truncating lines, or modifying the file in any other way, you can
have problems. The F06 file must also be transmitted as an ASCII file, otherwise carriage
returns may not be properly inserted. The F11 file should be transmitted as a binary file, and
FEMAP will do all required byte swapping.

Reading the File

After you run NASTRAN, choose the File Import Analysis Results command, and select
CSA/NASTRAN. FEMAP will display the standard file access dialog box, and you can pick
the output file that you want to read. When you press OK, FEMAP will immediately open
the file and display the first few lines in the Messages and Lists Window. FEMAP will then
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ask if you really want to read the file you selected. If you answer Yes, FEMAP will read your
output.

You must always read the NASTRAN output into your original FEMAP model. If you did
not create your model in FEMAP, just use the File Import Analysis Model command and
select CSA/NASTRAN to create a FEMAP model, then read the output into that model.

FEMAP will read many types of NASTRAN output, including:

DISPLACEMENT - Displacements/Eigenvectors
SPCFORCES - Constraint Forces

OLOAD - Applied Loads

FORCE - Element Forces

STRESS - Element Stresses

STRAIN - Element Strains

ESE - Element Strain Energy

In addition to the output in the file, FEMAP can optionally compute additional output during
the trandlation. For example, FEMAP will always compute the magnitude of all displace-
ments and rotations. Likewise, FEMAP will automatically compute principal, max shear,
mean, and Von Mises stresses, if they were not read, but the data necessary to compute them
isavailable. For large models with significant amounts of output, you may not want to auto-
matically compute these values. You can skip this computation by turning it off in the File
Preferences Interfaces command. The default isto compute these values.

7.2.5 UAI/NASTRAN Interfaces

FEMAP provides direct interfaces to UAI/NASTRAN from Universal Analytics, Inc. Since
the input and output formats for UAI/NASTRAN are essentially the same as MSC/NAS-
TRAN, the FEMAP interfaces are also essentially identical. The description in this section
will be limited to the differences between UAI/NASTRAN and MSC/NASTRAN. You
should refer back to the previous sections which described the MSC/NASTRAN interfaces
for more specific information.

7.2.5.1 Writing a UAI/NASTRAN Model
The process to write a UAI/NASTRAN model isjust like the Advanced options used for
MSC/NASTRAN. The Analysis Control dialog box is not used. You simply use the File
Import Analysis Results command, choose the UAI/NASTRAN format, and complete the
same dialog boxes described above for MSC/NASTRAN. You will notice that the UAI/
NASTRAN files have a default filename extension of “.d”.

Bulk Data Differences
The only differences between the two programs arise in the Bulk Data portion of the model.

Entities that UAI/NASTRAN does not support
FEMAP will write your model to UAI/NASTRAN using the same formats that are used for
MSC/NASTRAN. Certain element types that are supported in the MSC/NASTRAN transla-
tor are not supported for UAI/NASTRAN. These include: the curved beam, curved tube,
plane strain, and parabolic axisymmetric types. If your model contains these elements, you
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will receive warning messages, and they will not be translated. You will then have to use the
Modify Update Element Type command to change to types which are supported.
7.2.5.2 Performing a UAI/NASTRAN Analysis

Since UAI/NASTRAN may be on different computer than FEM AP, you may have to trans-
fer the data file to the computer where UAI/NASTRAN resides. Then typically you will use
the command:

uai nast fil enane

toruntheanalysis.

7.2.5.3 Reading a UAI/NASTRAN Model

Reading a UAI/NASTRAN model isjust like reading an MSC/NASTRAN model. Refer
back to that section for more information regarding limitations and possible solutions to
problems.

In addition to the normal NASTRAN syntax, the UAI/NASTRAN read translator also sup-
ports the UAI Free-Field entry rules/enhancements.

7.2.5.4 Postprocessing UAI/NASTRAN Output

To postprocess UAI/NASTRAN analysis results, you must read the standard printed output
file in FEMAP. This file is typically called the “.prt” file. There is no special setup or DMAP
required. FEMAP simply reads the file that you would otherwise read manually or print.

Transmitting the File

Since you may have performed the analysis on a different computer, you may have to
transfer the output file to the computer where FEMAP resides. Since this file can be r3
large, you may want to “compress” it first, using the NASCRUSH program (described
in this section).

When you transmit the file, you must be certain your communications or networking sq
ware does not modify the file in any way. If you are having any problems reading outp
postprocessing, the first thing to check is the settings in your communication program.
expanding carriage control, truncating lines, or modifying the file in any other way, yo
have problems. The PRT file must also be transmitted as an ASCII file, otherwise carriag
returns may not be properly inserted.

Reading the File

After you run NASTRAN, choose the File Import Analysis Results command and select
UAI/NASTRAN. FEMAP will display the standard file access dialog box, and you can pick
the output file that you want to read. When you press OK, FEMAP will immediately open
the file and display the first few lines in the Messages and Lists Window. FEMAP will then
ask if you really want to read the file that you selected. If you answer Yes, FEMAP will read
your output.

SHOLVIS[VE L

You must always read the NASTRAN output into your original FEMAP model. If you did
not create your model in FEMAP, just use the File Import Analysis Model command and
select UAI/NASTRAN to create a FEMAP model, then read the output into that model.



7-92 Translator Reference

FEMAP will read many types of NASTRAN output, including:

DISPLACEMENT - Displacements/Eigenvectors
SPCFORCES - Constraint Forces

OLOAD - Applied Loads

FORCE - Element Forces

STRESS - Element Stresses

STRAIN - Element Strains

ESE - Element Strain Energy

In addition to the output in the file, FEMAP can optionally compute additional output during
the trandation. For example, FEMAP will always compute the magnitude of all displace-
ments and rotations. Likewise, FEMAP will automatically compute principal, max shear,
mean, and Von Mises stresses, if they were not read, but the data necessary to compute them
isavailable. For large models with significant amounts of output, you may not want to auto-
matically compute these values. You can skip this computation by turning it off using the
File Preferences Interfaces command. The default is to compute these values.

7.2.6 Cosmic and ME/NASTRAN

FEMAP provides direct interfaces to Cosmic NASTRAN and ME/NASTRAN from Macro
Engineering, Inc. ME/NASTRAN isaversion of Cosmic NASTRAN that is available for
the PC. All referencesto Cosmic NASTRAN apply equally to ME/NASTRAN since they
use the same formats. Because these programs are so similar to MSC/NASTRAN, the
description in this section will be limited to the differences between Cosmic NASTRAN and
MSC/NASTRAN. You should refer back to the previous sections which described the MSC/
NASTRAN interfaces for more specific information.

FEMAP only provides interfaces for Static, Modal and Buckling Analysis for Cosmic and
ME/NASTRAN.

7.2.6.1 Writing a Cosmic NASTRAN Model

The process to write a Cosmic NASTRAN model isjust like that used for the Advanced
options for MSC/NASTRAN. The Analysis Control dialog box is not used. You ssmply use
the File Export Analysis Model command, choose the Cosmic NASTRAN format, and com-
plete the same dialog boxes described above for MSC/NASTRAN. You will notice that the
Cosmic NASTRAN files have a default filename extension of “.nid".

Bulk Data Differences

The only differences between the two programs arise in the Bulk Data portion of the model.
For Cosmic NASTRAN you will see the COSMIC NASTRAN Bulk Data dialog box.
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Solid Type:
. . . . i COSMIC NASTRAN Bulk Data
The primary difference in this dialog " Format Solid Type i
box, compared to MSC/NASTRAN, is & SmallField :
the ability to.sel ect th.e type of solid ele-  Laige Bl (5 izl Prepeny] o«
ments that will be written. You can ® LB e - !
: " Large Field CIHEX1/2
choose from any of the available types. |
— PARAM
Entities Cosmic NASTRAN ¥ AUTOSPC [¥ GROPNT
does not support i 5o |
FEMAP will write your model to Cos- ot | - Inghie .. |
mic NASTRAN using the same formats = AS_ET | = Tupe Input. |
that are used for MSC/NASTRAN. Cer- - _sn wite Buk_|
tain element types that are supported in . fupuml - skp |
the MSC/NASTRAN trandator are not EORT] | ENDDATA |
supported for Cosmic NASTRAN. LlesEL [
These include: the curved beam, curved roBser | I S
tube, plane strain, and parabolic axisym-

metric types. If your model contains
these elements, you will receive warning messages, and they will not be translated. Refer to
the table at the beginning of the chapter for more information.

7.2.6.2 Performing a Cosmic NASTRAN Analysis

Since Cosmic NASTRAN may be on a different computer than FEMAP, you may first have
to transfer the data file to the computer where Cosmic NASTRAN resides. Then typically
you will use the command:

cosnic

and then answer the questions regarding the file to analyze and other options.

7.2.6.3 Reading a Cosmic NASTRAN Model

Reading a Cosmic NASTRAN model isjust like reading an MSC/NASTRAN model. Refer
back to that section for more information regarding limitations and possible solutions to
problems.
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In addition to the newer elements and properties that FEMAP writes, you can a so read the
older Cosmic elements like CQDPLT, CQDMEM, CQUAD1, CQUAD2, and the triangular
equivalents.

7.2.6.4 Postprocessing Cosmic NASTRAN

Postprocessing Cosmic NASTRAN output isidentical to postprocessing MSC/NASTRAN
output. Refer to “Postprocessing NASTRAN Output” earlier in this chapter (in the MSC/
NASTRAN section). For Cosmic NASTRAN the default output file extension is “.lis”.

7.2.7 SSS/NASTRAN Interfaces

FEMAP provides direct interfaces to SSS/INASTRAN from Schaeffer Software Systems,
Inc. Since SSS/NASTRAN has very similar formats to MSC/NASTRAN, the FEMAP inter-
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faces are also essentially identical. The description in this section will be limited to the dif-
ferences between SSS/NASTRAN and MSC/NASTRAN. You should refer back to the
previous sections which described the MSC/NASTRAN interfaces for more specific infor-
mation. FEMAP only provides interfaces to SSS/NASTRAN for Static and Modal Analysis.

7.2.7.1 Writing a SSS/INASTRAN Model

The process to write a SSS/INASTRAN model isjust like that used for MSC/NASTRAN.
You simply use the File Export Analysis Model command, choose the SSS/NASTRAN for-
mat, and complete the same dialog boxes described above for MSC/NASTRAN.

Bulk Data Differences
The only differences between the two programs arise in the Bulk Data portion of the model.

Output Destination

SSS/NASTRAN tranglator contains two additional PARAM options. In SSS/INASTRAN,

these options control where your output will be written. If you want to postprocess using

FEMAP, you must always turn on the “Write POST files” option. This automatically pro-
duces the binary output files that FEMAP reads for postprocessing. If you also want output
written to the standard print/F06 file, check the “Write OUT files” option as well. These
options only control where the output goes, not what is written. You still have to request the
output that you want through the Case Control requests.

Entities that SSS/INASTRAN does not support

FEMAP will write your model to SSS/NASTRAN using the same formats that are used for
MSC/NASTRAN. This means however, that it might contain entities that are not currently
supported in SSS/INASTRAN. For example, SSS/NASTRAN does not currently support
CBEAM elements (or PBEAM properties). If you use Beam elements in your model,
FEMAP will write them to your file, but SSS/INASTRAN will not accept them. You will

then have to return to FEMAP and use the Modify Update Element Type command to
change your Beams to Bars, which are supported.

We have chosen to write these entities which are currently unsupported because many addi-
tions are being made to SSS/INASTRAN's capabilities. By the time you use the program,
many of these items may be added. For this reason, before you build a model, carefully
review your latest SSS/INASTRAN documentation. It can tell you the elements, and other
commands, that it will support.

7.2.7.2 Performing a SSS/NASTRAN Analysis

Running SSS/NASTRAN is just like running other versions of NASTRAN. You just use the
command:

NASTRAN fi | enane

Unlike many other versions of NASTRAN, SSS/NASTRAN will also directly accept
FEMAP files with the “.NAS” filename extension.
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7.2.7.3 Reading a SSS/NASTRAN Model

Reading a SSS'NASTRAN model isjust like reading an MSC/NASTRAN model. Refer
back to that section for more information regarding limitations and possible solutions to
problems.

7.2.7.4 Postprocessing SSS/INASTRAN Output

Unlike the model interfaces, the SSS/INASTRAN postprocessing interface is significantly
different than the MSC/NASTRAN interface. Instead of reading the standard “printed” out-
put file, FEMAP reads the special SSS/INASTRAN interface files. You can find more infor-
mation on these files in Chapter 13 of your SSS/NASTRAN manual.

Preparing For Postprocessing

Reading the Output

7.2.8

To produce the interface files that FEMAP reads, you must always include a
“PARAM,POST,1” command in your Bulk Data. As described above, FEMAP will do that
automatically when you translate using the SSS/INASTRAN interfaces.

Depending on the output that you requested in the Case Control, the following files can be
produced, and postprocessed:

model.DIS - Displacements/Eigenvectors
model.SPC - Constraint Forces
model.LOD - Applied Loads

model.ELF - Element Forces

model.STR - Element Stresses

To read the output files into your FEMAP model, choose the File Import Analysis Res
command and select the SSS/NASTRAN format. You will see the standard file access
box. Since there can be up to five files to read, and since they always have the same
this file access box asks you for the name of the model file instead of the name of the {
files. When you choose the model that you want to postprocess, FEMAP will automati
look for output files with the same name, and the appropriate default extensions (.DIS,
.LOD, .ELF, and .STR). If they are found, you will be asked to confirm that you want to
the data from that file. You will see no confirmation request for files that do not exist.

L= 1SNV L
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FEMAP supports all data that is found in these interface files including plate element corner
forces and stresses which are not supported for other versions of NASTRAN. In addition to
the output in the file however, FEMAP computes additional output during the translation.
For example, FEMAP will always compute the magnitude of all displacements and rota-
tions. Likewise, FEMAP will automatically compute principal, max shear, mean, and Von
Mises stresses, if the data necessary to compute them is available, but they were not avail-
able in the files.

LS-DYNAS3D Interfaces

FEMAP provides direct interfaces to the LS-DYNA3D file formats. You can write a
FEMAP model for analysis in LS-DYNA3D, or read analysis results for postprocessing.
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7.2.8.1 Writing an LS-DYNA3D Model

The File Export Analysis Model command allows you to write your FEMAP model into a

file that can be analyzed by LS-DYNA3D. Simply choose the File Export Analysis Model
command, select LS-DYNA3D, and Explicit Transient Dynamics under Format. Once you

make these selection, you will see the standard file access dialog box, where you can specify

the name of the file to be created. The default filename extension for this file is “.DYN”, but
you can choose any name. After choosing a filename, you will see the LS-DYNA3D Analy-

sis Control dialog box below.

L5-DYMNA3D Analysis Control
Title |
—Analysis Condition — Analysiz [nfo
V| Loads |1 ..Load Set for Analysiz j Termination Time IF
W Corstraints |1..Eonstraints j Output Time Interval |19'D5
¥ Initial Conditions |2 Initial Conditions x| | - Additional Output

™ Mass Damping Yalue

—

— Export Option:
u Rigid Reference Modes
™ Material Based Plate Parts

Limit to Group I w7 l

Hizstory Time Interval

Print Time Interval

Il

Cancel |

file, while the remaining options are defined more fully below.

Analysis Conditions

This dialog box
enables the user to
specify a Title for
the analysis, the
load and constraint
sets, specific
export options, and
time step values.
The Title is simply
exported as the
content of the
*TITLE command
in the LS-
DYNA3D input

The user will select what load and constraint set to chose for this analysis, as well as the Ini-
tial conditions. When a user selects a load set for initial conditions, only those load which
are pertinent to initial conditions, such as velocities and temperatures, will be exported from
this load set. Since velocities and temperatures can also be applied throughout the history in
the load set chosen under Loads, it is best to define a load set specifically for initial condi-

tions.
Mass Damping Value

This section also allows the user to specify a Mass Damping Value. If this option is on,
FEMAP will export the value entered by the user to the *DAMPING_GLOBAL card. This
will also override any material based mass damping associated with the model.

If a mass damping value is not input, damping will not be considered in the model unless the
user specifies either the Frequency for System Damping (W3) or the Frequency for Element
Damping (W4) under Model Load Dynamic Analysis, and defines a damping value on the
material records. If these values are specified, FEMAP will export damping values for each
part that has a damping value on the material record. The mass damping value is simply the
product of the damping value on the material card (2*C/Co) and W4. The results are
exported to the *DAMPING_PART_MASS card. Stiffness damping is obtained by dividing
the material damping value by W3. The result is then exported to the
*DAMPING_PART_STIFFNESS card.
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As mentioned above, an input aof aglobal mass damping value will prevent the export of
theDAMPING_PART_MASS card. AxDAMPING_PART_STIFFNESS card, however, will
be written for al materials with a damping value aslong as W3 is not zero.

Export Options

This section controlstwo different export options, for the rigid body reference nodes, and for
plate parts.

Rigid Reference Nodes

Rigid references nodes are used in FEM AP to define motion of agiven rigid body, instead of
requiring prescribed conditions on all nodes of the rigid body. Many times this Node will be
aNode in the model that is free (i.e. massless) whose sole purpose is to describe the motion
of therigid body. By default, FEMAP will find these nodes and prevent them from being
written to the LS-DYNA3D input file. The motion of the Node as well as any forces or
moments will then be assigned to the rigid contact segment that references the node.

There may be times, however, when you would like to export this Node. By clicking this
option On, FEMAP will export these nodes just like any other nodes in the model.

\ydte:

Prescribed motion and forces are only assigned to the rigid body if you use a material Other
Type 20, LS-DYNA3D Rigid material for the property associated with the Contact Segment.

Material Based Plate Parts

This option will cause FEMAP to write al parts based upon the materials that they refer-
ence, not the properties. It should be typically left off unless you have a variable thickness
shell model. This option isvery useful in this circumstance.

Since FEMAP defines the plate thickness on the property card, there is one property for
every thickness variation. FEMAP also typically exports each part based upon the property.
If you have alarge variable thickness plate model, there could be literally thousands of
PARTs written by FEMAP, may accessing the same material. When this option is checked,
however, FEMAP will build the parts based on the common materials, and the output will
contain only as many Parts as there are materials. The user should be careful, however, to
define different materials for each Part, even if they are the exact same material, because
without reference to the Property record FEMAP will have no way of telling the difference
between parts, except by Material ID.

Analysis Info and Additional Output

These sections alow the user to define Termination Time, Output Time Interval, and addi-
tional output information. The Output Time Interval is used to generate the D3PLOT post-
processing file. Results for all nodes and elements are recovered at thistime interval.
Additional time intervals can be specified for time history (D3THDT), and ASCII (NOD-
OUT and ELOUT) files. You may also limit output to these files to just nodes and elements
contained in a FEMAP group. If no group is selected, results will be requested for all nodes
and elements.
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te:

A relatively large time step is typically chosen for the output interval in comparison to the
ASCII and time history files. These outputs are typically used to obtain results at a very fine
time step. Thus, output to these files are typically limited to afew key nodes and elements.

7.2.8.2 Reading an LS-DYNA3D Analysis Model

In addition to the ability to write LS-DY NA3D Models and Read Results, FEMAP can also
read the nodal locations and element connectivity from the LS-DY NA3D binary postpro-
cessing files (D3PLOT and D3THDT). There are two waysto read this information. First,
you can simply choose File Import Analysis Model, and then choose the output file that you
want to read. In addition, if you start with an empty model, and directly select File Import
Analysis Results, FEMAP can read both the model and results in one pass.

te:

FEMAP can currently only read nodes and element connectivity from the resultsfile. The
elements contain referencesto LS-DY NA3D properties and materials, so you can group the
model by property or material, but actual records on the propertiesmaterials will be all zero.

7.2.8.3 Postprocessing LS-DYNA3D Results

When you have completed your LS-DYNA3D analysis, you can load resultsinto FEMAP
for postprocessing. To load results, choose the File Import Analysis Results command and
select LS-DYNA3D. FEMAP will display the standard file access dialog box so you can
choose the file you want to postprocess. FEMAP reads the binary D3PLOT and D3THDT
files.

Both D3PLOT and D3THDT files are a series of files which must be imported. Simply
select the D3PLOT or D3THDT file, and FEMAP will automatically read the entire series. If
you have not used the default names for these files, you will need to change the File of Type
to DYNA State Database or DY NA Time History Database to identify the format.

Once you select thefile, the DY NA Results

D el — dialog box will appear. This dialog box

aai - p'im Gei" SRR allowsyou to specify thetype of datathat you

T T want to recover, and the time steps to recover.
F# Displacement Coater [ Data Recovery Options
ke # Eelvia There are three main sections under the type
¥ tcceleration
I | Temperature £ Final of output. Global variables such as Kinetic

W Elemental Results M oEveylth [ energy can be read and stored in FEMAP.
I Force and Stress These values are stored as Functions for plot-
:; EZSL”Hesuns ting purposes. You can also specify the typi-

ok | cacel || cal Noda and Elemental results.
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Step Recovery Options

This section alows you to limit the amount of output sets. You can specify the time range
(All, Before, After, Between, Final), aswell as every Nth output set.

te:

These options are very useful for quick check of an analysisto significantly reduce the
import time and model size. You could quickly read in the last step, or only afew steps,
check the contact conditions, and then either read in the full results for further postprocess-
ing or modify the model and perform another analysis.

\ydte:

7.2.9

If you have beamsin your model that have a Vector defined for the orientation instead of a
3rd Node, FEM AP automatically creates dummy nodes for the LS-DYNAS3D input deck.
These nodes do not exist in the FEMAP model, but results may be recovered for them. This
will produce an error message when reading in LS-DYNA3D results. In this case, this error
message (Output contains entities that do not exist in your model) can be ignored. The
results should still be valid.

Time History Data

When importing time history data (D3THDT), you will also have the option to import all
information as functions. You will typically want to keep this option on, since most history
files contain large amounts of step data for afew nodes or elements. This type of output is
handled much more efficiently as Functions than as standard output. The FEMAP model
size could be orders of magnitude larger when you do not save asfunctionsfor atime history
file with alarge number of stepsfor only afew entities.

MARC Interfaces

FEMAP provides direct interfaces to the MARC file formats. You can write a FEMAP
model for analysisin MARC, or read analysis results for postprocessing.
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7.2.9.1 Writing a MARC Model

The File Export Analysis Model command allows you to write your FEMAP model into a

file that can be analyzed by MARC. Simply choose the File Export Analysis Model com-

mand, select MARC, and choose either Static or Modes under format. Once you make these
selection, you will see the standard file access dialog box, where you can specify the name

of the file to be created. The default filename extension for this file is “.dat”, but you can
choose any name. The export process can be separated into three areas: (1) Analysis Para
eters, (2) Model Definition, and (3) History Definition. Each of these areas are discussed
more completely below.
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Analysis Parameters
After choosing afilename, you will see the MARC Write Parametersdialog box. Thisdialog

box controls the writing of all parametersto MARC. The specific options are described

bel ow.
Title
MARC Write Parameters . i
~Sizing A title for the analysis,
Tite| K wiords 100 which will be written to
Conatraints I both bi nary and ASCII out-
~ Procedures and Parameter ~Input pUt files can be input.
™ Follower Force I Vl ™ Echo ¥ Extended S|Z|ng
" Pasicty | | s This section determinesthe
™ Basiety | Iz 1 hele initial memory allocation
™ Elastic ™ Large Displacement [ Iransverse Shear (l n thousands Of WOI‘dS _
[T Congtant Dilation [ Update Integration Paints ID kWOde) for the Overa”
[ Max Storage P model, as well as con-
I DistibutedLoads ¥ Tying ¥ {ut of Core Storage straints. The constraint
Listsl Canst qu ¥ Processors Va.l ue iS not necessary
o | Topes | Munberof P | unless you will have aHis-
et Baraltis | vestLenh| tory Definition in your
Scellt| reckitee L model which contains
oK | cance | more constraints than the
Model Definition.
Input

This section alows you to obtain an echo of the input in the output (*.out) file, write the
Extended parameter for extended input, and to Write Groups as Sets. The Extended parame-
ter will be necessary if any IDsin the model are above 5 digits. Without this parameter, all
nodal, elemental, property, and material IDs must be under 100,000 or the analysis will fail
due to input errors.

You may also choose to write all FEMAP groups as sets. Thisis a convenient method to
obtain sets which you can then easily apply loading or other conditions by directly manipu-
lating the MARC input deck.

Shell Parameters

This section determines whether the Transverse Shear option is chosen for a plate/shell anal-
ysis. You may also specify the number of Integration layers through the thickness of plate
elements. The default is 11 layers. Any input must be between 3 and 15, and be an odd num-
ber. If the model contains composites, this value is overridden by the number of composite
layers.

Procedures and Parameters
This section enables you to select between many different parameters availablein MARC.
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Follower Force (Incremental Load)

This option controls whether follower forces are employed as well as whether |oads applied
on History Definitions are incremental or total. There are actually three different options
involved with this one parameter. They are (1) Follower Force Stiffness On or Off, (2) Total
or Incremental Loading, and if Follower Forceis on, (3) Follower Force is based upon Dis-
placement at last iteration or beginning of increment. The one selection will set al three
options.

Plasticity

This parameter controls the plasticity procedure that is used in MARC. There are currently
five options for this parameter. They involve use of either the Additive or Multiplicative
Decomposition method. If Additive is desired, you can aso choose from two other options
(1) Mean Normal or Radial Return method, and (2) Small or Large Strain formulation. Mul-
tiplicative Decomposition requires radial return and large strain formulation. Multiplicative
Decomposition is more accurate for large elastic and plastic strains, but it requires that all
elagticity be isotropic. The default for this parameter if not set is Additive Decomposition
using the mean normal method and small strain formulation.

Elasticity

This parameter controls the formulation for large strain elasticity. The default is atotal
Lagrange formulation. You may also select an updated Lagrange formulation. If you choose
the total Lagrange formulation with Mooney or Ogden material models, the hybrid element
formulation (Herrmann) must be used while the Foam material can use the standard ele-
ments. For updated L agrange formulation, the standard elements amy be used for all three
material types.

user will select what load and constraint set to chose for this analysis, aswell as the Initial
conditions. When a user selects aload set for initial conditions, only those load which are
pertinent to initial conditions, such as velocities and temperatures, will be exported from this
load set. Since velocities and temperatures can a so be applied throughout the history in the
load set chosen under Loads, it is best to define aload set specifically for initial conditions.
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Elastic

This option can be implemented for elastic analysis with multiple loads. It essentially builds
the stiffness matrix once, and then repeatedly back substitutes the load vectors to obtain the
results. This option should not be used in nonlinear analysis, and will not be written if the
Large Displacement option is checked.

\ydte:

This option will also cause any constraint changes in the History Definition section to be
ignored. Since the decomposition matrix is only formed once, at the end of the Model Defi-
nition stage (Increment 0), changes in constraints cannot be allowed.

Large Displacement, Update, Constant Dilation

These options invoke the Large Displacement option, the Updated L agrange procedure
(instead of Total), and constant dilation. Constant dilation is recommended for lower order
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elements in nearly incompressible analysis. This option can aso be used for the individual
elements by specifying a hybrid element formulation for the lower order standard element
types (bricks, plane strain, and axisymmetric).

Max Storage Parameters

This section controls memory allocation for several different lists. Many of these parameters
will only be required if a History Definition has alarger number of lists than the model defi-
nition.

Distributed Loads

This parameter controls the memory allocation for elemental and nodal 1oading. Again, this
isonly required if you will be applying more loads in a History definition than was origi-
nally on the Model Definition Inputs include the total number of lists for distributed loads,
the maximum number of elementsin aDIST LOADS list (Pressure, Distributed L oad, Grav-
ity), and the maximum number of nodesin a POINT LOAD list. FEMAP will export each
load asits own list, therefore, the number of lists must be equal to or greater than the total
number of loads. The number of nodes and elements in any specific list, however, will typi-
cally be 1 since each load hasits own list containing one member. The one exception to this
is FEMAP body loads (gravity and rotational velocity), which will contain the total number
of elementsin the model in onelist.

TYING

This parameter allocates storage for tying data which includes FEMAP rigid elements
(MARC Tying Constraints 1-6, 100) and constraint equations (MARC Servo Links).

The maximum number of MARC constraint equations should be set equal to the number of
FEMAP rigid elementsin the model, and the number of different types can be safely setto 7
(only 1-6 and 100 are currently supported). The Servo Nodes should be set to the maximum
number of nodesin any constraint equation (set to 2 if no FEM AP constraint equations), and
the Servo Link should be set to the maximum number of FEM AP constraint equations.

Out of Core Storage

This option invokes the ELSTO parameter for large models. It will cause al elemental quan-
titiesto be stored in an auxiliary area (unit 3) to free core memory for calculations. The input
for this option isin Words.

Processors
This option enables you to specify the number of CPUSs, the vector length and whether the
beta matrices are to be formed in parallel.

Model Definition

Onceyou hit OK the MARC Write parameters dialog box, the MARC Model Definition dia-
log box will appear. this dialog box (shown on the next page) is separated into four major
sections: (1) Load Selection, (2) Control Definition, (3) Contact Property, and (4) Output
Requests.
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Load Selection

] MARC Model Definition
The Load Sel ection — Load Selection — Contact Property
areaalowsyou to T Gt l =] l =
select the Con- ¥ Load | = ou —
. put D estination
straint Set, L oad I Initisl Conditions | | | =
Set, and the |n|t|a| 1..PostProcess Only h
L. ™ &l Load Sets as Individual Steps
conditions Load ~ Output Request
Set for the Model — Control Definition Hadal Elermental
Definition. Any Method [1.Ful NewtonRaphson 7] F :DD“‘T '-T:"ds :Z Et'efs
constraintsthat are | Max Steps for Aun I S
. I7 | Dislazement ™ Plastic Strain
permanent in the tax Recycles/|ncrement I I el I™ Energy Densiy
mOdel Should be dllieerees lieEnen I I [ eceeleratinn ™ Temperature
appl | ed in acon- Mak Convergence Residual I 7| Temperature ™ Heat Flux
straint set and cho- Convergence = HEatF
sen here. Oftenyou Solver [1..Profile Direct =l
may define Only u Monpositive Definite u Monsymmetric = = I
one constraint set = | i

for the analysis,
but multiple loading conditions.

If all loading conditions are to be specified in the History Definition, the Load Set would be
left unchecked for the Model Definition (in which case you would have had to input values
for the Distributed L oads parameter on the previous dialog box to prevent afatal error). The
loads typically defined in the Model Definition would be those that resulted in only linear
displacements, and then incremental loading would be applied in the History Definition to
obtain the nonlinear results.

Initial conditions, such asinitia displacement (INITIAL DISP), velocities (INITIAL
VELO), and temperatures (INITIAL TEMP) should be created in their own load set and ref-
erenced in the Initial Conditions input box.
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Thefinal option, All Load Sets as Individual Sets, will simply write every Load Step as an
individual History Definition and will provide no opportunity to change any inputs for the
History Definition. If aload set is chosen in the Model Definition, it will not berepeated in a
History Definition.

Control Definition

This section determines the type of solution method (including the convergence criteria),
and the solver type.

Solution Method

For the solution method, you can simply select the Default, or choose from either Newton
Raphson techniques (Full, Modified, or Strain Correction) or Secant Method. if you choose a
method, you can then also specify bounding parameters for the number of recycles, as well
as the maximum steps for arun. If no values are entered, the defaults will be used.

You may also define the convergence criteria as well as choose the Nonpositive Definite
option. You have six options in this box, which are really the combination of two outputs
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defining the basis of convergence: (1) Force, Displacement, or Strain Energy for either (2)
Relative or Absolute values. The selection of the Nonpositive Definite option will force
solutions of problems with a nonpositive definite matrix.

Solver Type

This option alows you to chose from several different Direct and Iterative Solvers. When
this option is active, you can also select options for Nonpositive Definite and Nonsysmmet-
ric matrices.

Contact Property

All contact segmentsin MARC are exported to the CONTACT option in MARC. This
option includes contact property information for all contact entities contained in thetable. To
define these values, simply create a Contact Property in FEM AP, and then select this prop-
erty under Contact Property. If there are contact segments in the model, FEMAP will use
data from the selected contact property as input for the control and property information on
the MARC CONTACT option.

\Wte:

You do not have to define contact pairs for MARC. If no contact pairs are present, FEMAP
will export al contact segments to the CONTACT option, and al contact segments will be
able to contact one another. If you want to limit contact between the contact segments, sim-
ply define contact pairs. FEMAP will export the contact pairsto a CONTACT TABLE. Once
the CONTACT TABLE optionisinvoked in MARC, al contacts are removed, so only those
segments placed in contact pairs will be checked for contact.

Output Destination and Requests

These options provide choices for the output files to request from MARC, aswell asthe type
of output contained in the files. There are three choices, PostProcess Only, Print and Post-
Process, and Print Only. Either PostProcess Only or Print and Postprocess must be selected
to postprocess results of the analysisin FEMAP. If Postprocess Only ischosen, aNO PRINT
statement will be included in the Model Definition to prevent output of results to the printed
(*.out) file.

You may also select what type of output to included in thefiles. If you select Postprocess
Only, however, you will not be able to select any Nodal outputs. MARC does not allow the
user to select the types of nodal output for the postprocessing file. It automatically writes
nodal information to the post file (*.t16 typicaly), therefore, these options are not applicable
to the Postprocess option. Also, the individual elemental output requests are only applicable
to the postprocessing file. If a Print option is chosen, the default elemental values will be
written to the print file.

te:

Certain output requests such as Heat Flux and Elemental Temperature are not currently sup-
ported. These remain on the dialog box for future incorporation into the translator.
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History Definition
Once the Model Definition has been written, a similar dialog box will appear for the History
Definition. You can select different constraints and load sets for the History Definition, as
well as change solution and solver options. Slightly different dialog boxes will appear based
upon whether you are exporting for Static or Modal analysis.

N\ Hint:
When performing a contact or highly nonlinear analysis, it is best to define the initial step
size and maximum number of increments. This can be done in the Load step used for the
History Definition under Model Load Nonlinear Analysis, Static type. Set the Number of
Increments (FEMAP calculates the initial time step asthe reciprocal of this number) and the
Max Iterations/Step. If you have not defined these values, FEMAP will default to an initial
step size of 0.1 and maximum increments of 100 for any analysis involving contact.

Static Analysis

When performing a static analysis, theidentical dialog box used for the Model Definition is
employed for the History Definition. If you do not need to define aHistory for your analysis,
simply hit Cancel and FEMAP will closethefile. Thisis useful in linear analysis when all
congtraints and loading conditions have been applied in the Model Definition section.

The one mgjor difference between the Model Definition and History Definition is that all
options in the dialog box will not be available. Initial conditions and contact property infor-
mation are unique to the Model Definition, therefore these options will be unavailable. Fur-
thermore, the sol ution method, solver, and output options will default to No Change. Thus, if
you want to keep the current options but want to change the constraints or loading condi-
tions, simply select the constraint and load sets and hit OK. The loading conditions can be
either incremental or total, based upon the Follower Force parameter input in the Parameters
section (Default is Incremental).
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You can define multiple histories by selecting the desired options and then hitting OK. The
same dialog box will reappear but the History Number in the Dialog box isincremented.
When you have defined al the desired Histories, simply hit Cancel to end the trandation.

\ydte:

When selecting a new constraint set in the History Definition, the DISP CHANGE option
will be written, removing all previous constraintsin the model. Therefore, if you simply
need to add constraints, the chosen constraint set must include all previous constraints, as
well as new ones. This can be accomplished very easily in FEMAP by copying the Model
Definition constraint set by using the Model Constraint Copy command, and then simply
adding additional constraints to this set. Remember, however, if the total number of con-
straintsis larger in a History Definition than in the Model Definition, you will need to spec-
ify the total number of constraints on the SIZING option contained earlier onthe MARC
Write Parameters dialog box.
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Modal Analysis
— Modal analysis hasaslightly different input than static.
s - — The Control Definition section is modified to include
ohod | the Min and Max Frequencies, Number of Modes, and
:_E'“FSte"S e |—| whether to perform Sturm Sequence Checking. All
In Frequency . .. . .
s Frecuoncy —— other inputs are similar to static analysis.
Nurmber of Modes [ | Whenyou hit OK for the first History, FEMAP will
Checking [ Stum Sequence =] export this History, as well as create a second History

which simply issues the Recover command to retrieve
the Modes. You can export multiple histories for
Moda Analysis, simply by continuing to specify con-
ditions and hitting OK. Cancel will end the input.

7.2.9.2 Reading a MARC Analysis Model

In addition to the ability to write MARC Models and Read Results, FEMAP can also read
the nodal locations and element connectivity from the MARC binary postprocessing files
(typically *.t16). There are two ways to read this information. First, you can simply choose
File Import Analysis Model, and then choose the output file that you want to read. In addi-
tion, if you start with an empty model, and directly select File Import Analysis Resullts,
FEMAP can read both the model and results in one pass.

7.2.9.3 Postprocessing MARC Results

When you have completed your MARC analysis, you can load resultsinto FEMAP for post-
processing. You should typically start with a FEMAP model that corresponds to the MARC
analysis, however FEMAP will read the nodes and elements form the postprocessing fileif
your model does not contain any nodes or elements.

Solver 1. Profile Direct

™ Monpositive D efirite ™ Monsprmetric

To load the results, choose the File Import Analysis Results command and select MARC.
FEMAP will display the standard file access dialog box so you can choose the file you want
to postprocess. FEM AP reads the binary postprocessing file, typically *.t16. Once you select
the file, FEMAP will automatically read and store the results. No further input is required.

te:

If the postprocessing file contains information which FEMAP cannot process, such as Die
information or NURB rigid surfaces, FEMAP will issue an error message and quit reading.
In these cases, very little data may be recovered.

7.2.10 SINDA/G Interfaces

FEMAP aso provides capability to export a FEMAP Neutral File for conversionto a
SINDA/G format, as well as reading a SINDA/G postprocessing database (*.SDB). When
you select the export option for this interface, you must choose between Steady State and
Transient Heat Transfer. You will then need to select afile name. Depending upon your ver-
sion of FEMAP, FEMAP will either simply write a neutral file, or provide additional dialog
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boxes for more information to be output to a case control file along with the FEMAP neutral
file.

7.2.11 FEMAP Neutral Files

FEMAP Neutral Files provide away for you to access all of the datain your FEMAP model.
If you are using your own analysis programs, or other programs that FEM AP does not
directly support, you can write your own interfaces to, or from, the Neutral file formats.
Neutral files are also used to transfer information from one version of FEMAP to another.
The Neutral file format is described in a document contained on your FEMAP CD. The
remainder of this section will concentrate on how to work with Neutral filesin FEMAP.

7.2.11.1 Writing a FEMAP Neutral File

To create a FEMAP Neutral File, choose the File Export FEMAP Neutral command. You
will seethe standard file access dialog box, where you can choose the name of thefileto cre-
ate. The default extension is always “.NEU".

After you choose the file, you will see the Neutral File Write Options dialog box.

Entity Options
. . Meutral File Write Options

This group of (_)pt|ons controls what RS
data WI” be written tO yOUr Neu”al IV white Geomnetry Model & Full Model
File. By default, the first three options £ Growp Orly
on the left are on, so your entire ¥ ‘white Dutput | |
model will be written. You can selec- I ‘Wwiite Additional Info
tively skip parts of your model by e Format
turning one or more of these options ¢ By SgifcantDigts [F vasin[45 =] ;I
off. & Formatted 7 inimize File Size ;

.. . . . »
“Additional Info” will also write a list r

DK I Cancel I >

of the free faces, free edges and the 3
views which are currently on your 2

screen. This information will not be read by FEMAP if you read the Neutral File. Itis o
provided as information for some third-party applications that work with FEMAP.

Also by default, the “Full Model” option is on. Again this indicates that the entire model W
be written. If you just want to transfer a portion of your model to the neutral file, switch to
“Group Only”, and select a group from the drop-down list. Only those entities that are
selected in the group (and that are enabled by the options on the left) will be translated. To
work properly, you must take some care in defining the group. For example, if you translate
a group that just contains certain elements, only those elements will be written to the file.
The materials, properties, and nodes that those elements reference will not be written. If you
try to read the Neutral file into a new FEMAP model, you will get errors telling you that
those entities are missing. To avoid this, you must include all of those entities in the group
before you write the Neutral File. One good method of doing this is to use the Group Node,
Property, and Material on Element commands to automatically group all entities referencing
the chosen elements.
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File Format
These options allow you to choose the format of the Neutral File that you will write.

O Formatted files loose some precision, but are easily read, printed, and modified with any
text editor. You can minimize theloss of precision by adjusting the number of significant
digits. If you want to eliminate spaces between fields in aformatted file, just turn on the
“Minimize File Size” option. Leaving this option off makes the files a bit easier to look
at with a text editor or print. Formatted files are always written in comma-separated,
free-format. Your interfaces should never assume any particular column sizes or align-
ment.

O You should typically write the latest version of the Neutral File to save all the data con-
tained in the model. The only time to write older versions are if you are using an analysis
program that uses an older FEMAP Neutral file format, or you are transferring a model
to someone who has an earlier version of FEMAP. For these cases, you should always
write their specific neutral file version because it will guarantee proper reading of the
file. However, model data which did not exist in the previous version will obviously be
lost in the translation.

7.2.11.2 Reading a FEMAP Neutral File

To read a Neutral file, choose the File Import FEMAP
Neutral command and choose the appropriate file from the
¥ Fread Goamsty Modsl file access dialog box. When you press OK, you will see
- the Neutral File Read Options dialog box.

Neutral File Read Options
— Entity Option:

V' Resd utput Entity Options
ettt These three options are identical to similar options when
b offset [0 writing a Neutral file. They selectively allow you to skip
over certain types of entities that are in the Neutral file.
o | _ coree | Obviously, if you did not write those entities, they will not

be read, even if these options are on. But if they are in the
file, you can still bypass them by turning these options off.

Model Merge Options

One popular use for Neutral files is to merge multiple components into a single model. Since
FEMAP requires unique IDs, you could have problems merging models unless you planned
ahead and built them all with unique IDs. To avoid any ID conflicts, you can specify a non-
zero “ID Offset” that will be added to all IDs that are read from your model. The same num-
ber is applied to all entity types.

For example, if the file you are reading has nodes and elements with IDs between 100 and
200, and you specify an “ID Offset” of 1000, the resulting FEMAP model will have nodes
and elements with IDs between 1100 and 1200. By specifying a different “ID Offset” for
each component model that you read, you can avoid any potential conflicts. If you are
unsure of the ID ranges used by your models, the List Model Info command will provide the
information that you need.
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\ydte:

All of the FEMAP translators will autoscale your model when you read afile. Thisinsures
that you can see all entities that have been read. When you read a neutral file however, in
addition to reading entities, you may be reading View information that you do not want to be
Autoscaled. To prevent FEM AP from changing the scale of any views, simply close all of
your graphics windows prior to reading a Neutral file. When the trandation is complete, you
can use View Activate to open the views that you need.

7.2.12 I-DEAS Interfaces

There are two direct interfaces between FEMAP and |-DEAS. You can either write a
FEMAP model to the I-DEAS Universal File format, or read an existing I-DEAS model.
Both of these interfaces use the I-DEAS Simulation universal file datasets. These datasets
may not be compatible with al versions of I-DEAS or with universal files created in other
applications. You cannot currently transfer geometry (points, curves, surfaces, or volumes)
between I-DEAS and FEMAP using these interfaces. However, -DEAS geometry can be
read into FEMAP using the Interoperability Data Interface (IDI) file format.

7.2.12.1 Writing an I-DEAS Model
To translate your model to I-DEAS universal

: ) . I-DEAS x
file format, choose the File Export Analysis E
Model command, select the [-DEAS format, Part Mame Untitied
and press Write. You will see the standard Urits 10015 lser defined
file access dialog box, with the default : -
extension set to".UNV". Select thefilename = Temperaiuebieds 1 1cin = 3
that you want, anq press OK. You will then _ User Defined Urits o
see the |-DEAS dialog box, which enables S
you to control the part name and unit system units/meter [1. 3
i . . - 2
that I DEAS will useto interpret the univer Rreree—— =
sal file data.
. . . uhitz/deqgree Kelvin I'I.
Selection of part name and unit system is
very important if you have coordinate sys- offset from Kelvin jo.
tems or material datain your model.
ok | Cancel
Part Name: = =

Here you can specify the name of the part in
I-DEAS to contain your coordinate systems. You can specify any name you want, up to 40
characters.

Units:

Since the I-DEAS universal file iswritten in terms of a specific unit system, you must
choose the same unit system that you used to define your FEMAP model. FEMAP will not
convert your model during the translation, with the following exceptions:



7-1 1 0 Translator Reference

O Coordinate system locations are always written in metersin I-DEAS universal file
datasets.

O Materia datais converted to meter newton (Sl) if the unit system is set to User Defined.

All I-DEAS unit systems are available, including User Defined. If you select User Defined,
you can define scale factors for length, mass (or force) and temperature, and al so define tem-
perature offset.

Temperature Mode:

The temperature mode controls how temperature datain FEMAP isinterpreted by I-DEAS.
If the user system selected is metric, the choice is Celsius or Kelvin. Otherwise the choiceis
Fahrenheit or Rankine.

User Defined Units:

These controls let you:

O enter ascale factor for length

O select whether to define a mass or force scaling factor

QO enter amass or force scaling factor

O enter atemperature scaling factor

QO enter atemperature offset

I-DEAS will use these values to interpret the data in the universal file.

After you have selected any appropriate options, FEMAP will immediately write the |-
DEAS universd file. You can read thisfileinto I-DEAS using the File Import command.

7.2.12.2 Reading an I-DEAS Model

Reading an |-DEAS Simulation Universal file is even easier than writing one. Open a new
model, choose the File Import Analysis Model command, and select the [-DEAS format.
You will seethe standard file access dialog box, and you can choose the file that you want to
read. There are no options when reading an I-DEAS file. FEMAP simply reads all of the uni-
versal file datasets that it can interpret.

Coordinate system datais always written to universal filesin meters. Material datais always
written in the units it was created in (not necessarily the same as the units that the rest of the
universal file datasets are written in. Both coordinate system and material data are converted
when read into FEMAP.

If you wish to work in FEMAP in units other than those defined in the universal file, several
FEMAP units conversion factor files are available to convert between I-DEAS unit systems.
Use the Tools Convert Units command to apply these to the FEMAP model.

7.2.13 PATRAN Interfaces

There are three direct interfaces between FEMAP and PATRAN. You can write a FEMAP
model to the PATRAN format for analysis, read an existing PATRAN model, or read analysis
results for postprocessing. The model interfaces use the PATRAN Neutral File format. As
you can see from the table at the beginning of this chapter, they only support the finite ele-
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ment entitiesin FEMAP. Y ou cannot transfer geometry (points, curves, surfaces, or vol-
umes) between FEM AP and PATRAN using these interfaces.

7.2.13.1 Writing a PATRAN Model

To trandate your model to PATRAN Neutral format, just choose the File Import Analysis
Model and select PATRAN format. You will see the standard file access dialog box with the
default extension set to “.PAT”. Simply select the filename that you want and press OK.
There are no additional options. FEMAP will immediately write the PATRAN file.

A Warning About Conventions

PATRAN Neutral files allow you to write information in “tables” that are later interpreted by
the other PATRAN Neutral file translators. For example, section properties values can be
written in any order, but must follow the order required by the Neutral file translator that you
will select later. We have chosen to follow the conventions required by the PATRAN Neutral
file translators for NASTRAN (NASPAT and PATNAS). This convention may, or may not,
work with other Neutral file translators. Check your data carefully.

7.2.13.2 Reading a PATRAN Model

Reading a PATRAN file is just as simple as writing one. You will probably want to start a

new model before beginning, but then just choose the File Import Analysis Model command
and select PATRAN format. As before, you will see the standard file access dialog box. You
can simply choose the file that you want to read. You must select a formatted PATRAN Neu-
tral file. Binary files are not supported.

The only option when reading a PATRAN model pertains to constraints. The PATRAN
tral file format does not contain nodal constraints, rather they are written as enforced
placement loads with a zero displacement. As you read the model, if FEMAP encount
zero enforced displacement, you will be asked whether to convert it (and all others) to
constraints.

The same restrictions on conventions that were described above apply to models that
read. The file must conform to the NASPAT/PATNAS conventions.

7.2.13.3 Postprocessing PATRAN Output

FEMAP can read the PATRAN Displacement (.DIS), Element Results (.ELS), and Nodal
Results (.NOD) files. These files could have come from any analysis program, but if you
plan to display the results, you must read them into an equivalent FEMAP model.

SYILVISNYVHL

To begin reading files, choose the File Import Analysis Results command and select PAT-
RAN format. You will be asked whether you want to read each type of file. If you answer
“Yes”, you will see the file access dialog box and you can choose the file that you want to
read. Answer “No” to skip that file and proceed to the next type. Since PATRAN writes each
output case to a separate file, FEMAP gives you the chance to read additional files after you
have read (or skipped) the initial group.

Working with Output From PATRAN

Unlike output from other programs, the type of Nodal and Elemental results in each field of
the PATRAN Neutral file are not defined. Just like the conventions in the model files, the
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order of output in the file depends on the translator that you used to create it. For this reason,
FEMAP simply loads the Nodal and Elemental output into vectors that are labelled with the
PATRAN Vector Numbers. You must refer to your PATRAN documentation for a description
of the datain each vector. You can use the FEMAP Model Output Vector command to mod-
ify the titles after the output has been read.

Since FEMAP does not know what data is contained in the individual vectors, no additional
calculations of principal, Max Shear, or Von Mises stress are done when you read PATRAN
output. Displacement magnitudes are cal cul ated since displacement components are specifi-
cally defined in the “.DIS” file.

7.2.14 Comma-Separated Tables

FEMAP contains two translators which allow you to read and write output in a tabular for-
mat. This format is easily exchanged between FEMAP and various spreadsheet and database
programs, and also provides a simple and fast way to load output into FEMAP from your

own programs.

7.2.14.1 Writing a Comma-Separated Table File

To create a Comma-Separated table, choose the File Export Analysis Model command,
select the Comma-Separated format, and press Write. You will see the standard file access
dialog box where you can choose the name of the file to create. The default extension is
always “.CSV". You will then see the Write Comma-Separated Table dialog box, which con-
tains the following options:

Set and Vector Options

These options allow you to choose the output data
that will be written to the file. You can only write

Write Comma-Separated Table

— Set and Yector Option:

OuputSet  [EAIEA data from one output set at a time, and you should
Fistvectsr | - choose it first. Then choose the First and Last vec-
- tors to write. The only restriction is that all vectors
Last Wector | j

that you write must be of the same type (i.e. they
Furat must all contain either Nodal or Elemental data).
- ite both types to the same file
I¥ First Fiow Contains Titles You cannot write '

™ First Column Containg 1D's Cancel | Format OptionS

SignficantDigts 8 These options control how the selected output is
formatted. If you choose “First Row Contains

Titles”, the Output Vector titles are written at the
beginning of the file, otherwise, no titles are given. If you choose “First Column Contains
IDs”, the Node and Element IDs will be written along with the output data. It is usually best
to write these IDs so you can relate the output back to the associated Nodes or Elements.

You can also specify the number of significant digits that will be included in the output.
While you can increase this number from the default, the data can only be as meaningful as
the original data that you loaded into FEMAP. If you originally read output with only 6 sig-
nificant digits, you can specify a larger number, but any additional digits are meaningless.
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Finally you will see the standard entity selection dialog box which will allow you to select
the Nodes or Elements where output will be written.

7.2.14.2 Reading a Comma-Separated File

To read a Comma-Separated table, choose the File Import Analysis Results command and
select the Comma-Separated format. You will see the standard file access dialog box where
you can choose the name of the file to read. As before, the default extension is always

“.CSV”".
You will then see the Read Comma-Separated Table dialog box which contains the following
options:
Format Options
. . . Read Comma-Separated Table
If the first row of your file contains vector = “romat Dutput Type
titles, you must select the “First Row Con- | 5 e corteine Tiles -
tains Titles” option. The titles will be read | & Fix coumn Containe D= € Comants
from the file and added to the vectors that

are created. If the file does not have titles, [ 5%! and*estor Options

default titles will be assigned to each new € Create New Set
vector. & Add to Active Set

ok
FistWeclor D [300001
™ ‘ectors are XYZ Components Cancel |

If the first column of your file contains
Node or Element IDs, you must select the
“First Column Contains IDs” option. The
IDs will be read from the file and used to
properly load the output data. If your file does not contain IDs, FEMAP will load the ou
data as if it matched the nodes/elements in your model (i.e. the first output value will b
associated with the first node/element, the second with the second, and so on). You
have any missing output values, and they must be in order.

If your file contains both IDs and Titles, there must be an extra title (or simply a blank f
specified by a leading comma), for the ID column. The second title will be associated
the first output vector.

SHCLVISNVY L

Output Type

These options specify whether the data in the file is Nodal or Elemental data. Since this file
format is basically just a table of numbers, there is no way for FEMAP to determine what
type of data you are loading. You must specify the correct option here.

Set and Vector Options

You can either read the output into a new output set, by choosing “Create New Set”, or add it
to the active set, by choosing “Add to Active Set”. This second option will not be available if
you do not have an active set. You must also specify the ID of the first vector to be created.
Any additional vectors will be created with IDs greater than this number. The default will be
the first available user-defined vector.

If the file that you are reading contains 3 vectors which are the global X, Y and Z compo-
nents of some output, or 6 vectors which are the global X, Y and Z components, and the
associated X, Y, Z rotations of some output, you should choose the “Vectors are XYZ Com-
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ponents” option. When this option is checked FEMAP will automatically calculate a 4th (or
7th and 8th) vector which is the magnitude of the component data. In addition, FEMAP will
make the appropriate modifications to the vectors so that you can choose the magnitude vec-
tor and use it for displaying three-dimensional deformations and animations. If you have
component data, you should always load it in this manner. Do not calculate the magnitude
yourself and include it in the file. The vectors will still not be setup properly to do the defor-
mation.

7.2.14.3 The Comma-Separated Table Format

The comma-separated table format that is supported by FEMAP is very simple. The follow-
ing sample shows the basic capability, including titles and ID numbers, for a file with three
output vectors:

.oz

le 1", "title 2", "title 3"
1.0
, 4.0
E2, 2.3E2, 0.111

GINT=S
ot
. PR

1.
3.
0.

U'|I\JI—‘_(D

This file contains output for 4 entities (1, 2, 5 and 10). They could be either Nodes or Ele-
ments. There is no way to tell from the file. Note that since IDs are contained in the first col-
umn, the first record which contains the titles starts with a comma to skip the title for the
IDs. You could also specify a title for the IDs, but it will be ignored.

The titles in the first record are text and must be less than 25 characters long each. Typically
you should enclose them in quotes, as shown, but this is not required as long as no commas
are contained in the title. If you specify any titles in the file, you must specify a title for all
vectors.

Output data is specified in the remaining records. Each record corresponds to a node or ele-
ment, and contains one output field for each vector that will be created. You can skip inter-
mediate fields just by entering a series of commas (like entity 10 above, where the 0.5 is for
the third vector). All skipped data will have the value of 0.0. If you do not specify titles in

the file, the first record must contain output for all vectors. Later records can omit data for
trailing output vectors if you want the values to be 0.0. The numeric values can be in floating
point or exponential format. You can enclose the output values in quotes, if you want, but
they are not required.

If you do not include the ID column, data for all nodes/elements must be present, and must
be in numerical order corresponding to the entities in your FEMAP model. If IDs are not
present, the first title will correspond to the first output vector (the leading comma should
not be present).
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7.2.15 ALGOR Interfaces

FEMAP provides direct interfaces to the ALGOR file formats. You can write a FEMAP
model to the ALGOR format for analysis, read an existing ALGOR model, or read analysis
results for postprocessing.

7.2.15.1 Writing an ALGOR Model

The File Export Analysis Model command allows you to write your FEMAP model into a
file that can be analyzed by the ALGOR processors. The format of thisfileisthe native pro-
cessor format described in your ALGOR manual. It isnot the file format used by SuperDraw
or SuperView. If you want to load your model into SuperView, you will have to convert it
using the appropriate ALGOR dtilities.

Starting to Export

Once you select ALGOR for the Analysis Format under File Export Analysis Model, you
will seetwo options available, Static or Modal Analysis. Select the type of analysis you want
to perform. In either case, you will then be asked for the name of the file that you want to
create. You will notice that the default filename has no extension. This conforms with the
AL GOR requirements that processor files must not have an extension.

If you are trandlat-

ing for either Static ALGOR Model Write E3
or Modal Analysi S, — Gravitational Constants — Boundary Elements
you will seethe ™ Enf. Disp. —
ALGOR Model Mass [ o | =
Write dialog box. weight [356.4 DOF Sets
. v Constraint | j ;I

The options at the : >
top of thedia og — Plate Optionz 5
box apply to either ; Constant Lfneal Stlafn, Reduced Shear -Integration, HCT Plate Bending E
type of anal ys s. * Constant Linear Strain, HCT Plate Bending 3

. . " Constart Strain, HCT Flate Bending A
Gravitational @
Constants — Static Analysiz

[ Pressure Loads *

The. Mass and I J v all Other Loads
Wei ght constants [T Temperature Loads I j
aretranslated
directly to the = i adalErals
ALGOR solution il Erequencies I fof &g [ EEratirs I
file. The correct [t Erequenicy Catvergense Tl I—

-
Yr?jeti?se'ggx/gg HiadEadyModes I Camza] |
used when creating Shift-Frequerey I STEH Sequence Bheck N

your model. If you
defined all masses
and densities in mass units, then the Mass constant should always be 1.0, and the Weight
constant should be the value of the gravitational constant in your system of units (386.4 in
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the English system). If you have defined your model with some other convention, you must
adjust the values appropriately.

Boundary Elements

FEMAP alows you to define enforced displacement |oads, but ALGOR does not support
them. Instead, ALGOR uses Boundary Elements to apply fixed displacements at a point. If
you have enforced displacements in your model and want to convert them to ALGOR
Boundary Elements, check this option and choose the load set that contains the displace-
ments. You can only choose one load set. If you have multiple load sets which contain
enforced displacements, you must translate them to separate files and run separate analyses.

DOF Sets

Check this option if you want to apply nodal constraints to your model and then select the
appropriate constraint set from the drop-down list. Just like enforced displacements, you can
only choose one set. If you have multiple constraint sets, you must translate them to separate
files and run separate analyses. Unlike the enforced displacement option, you will want to
use this option amost every time you translate a model to ALGOR.

Plate Options

ALGOR provides several different plate formulations which can simulate different structural
behavior. These options allow you to choose the formulation that you want to use for this
model. These options are only used if you have plate elementsin your model. Choose this
option carefully, since it can produce significantly different results.

Translating for Static Analysis

If you choose to translate your model for static analysis, the following options will aso be
available.

Pressure and Temperature Loads

ALGOR specifies pressure and temperature loads in a significantly different manner than
that used by FEM AP (and most other programs). The loads are contained directly in the Ele-
ment Group information, and then combined with a series of multipliers. For that reason, itis
only possible to choose one load set for pressure and temperature loads. If you have these
loads, and you want to analyze them, you must check the corresponding box and choose the
load set from the drop-down list. If you do not, pressures and temperatures will be skipped -
even if you trandlate other nodal 1oads (forces, moments...).

All Other Loads

Check this dialog box whenever you want to translate |oads other than pressures and temper-
atures. If this option is checked, after you press OK, you will see the standard entity selec-
tion dialog box. You can then select all of theload setsthat you want to translate. Remember,
this only applies to loads other than pressures and temperatures.
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Translating for Modal Analysis

The bottom of the dialog

box contains additional ,
options that are only May lterafions Im

|1D

available when you Cut-0fF Freguency I Convergence Tol I‘l E&
I—
I—

= Modal Analysis
# of Frequencies

tra..nS|ate for modal anal- Rigid Body Modes Bl |

ysis.

Shift Frequency STURM Sequence Check W

All of these options are
simply trandlated to the
Master Control Input Line and the modal analysis control commands described in Chapters
6 and 7 of the ALGOR manual.

# of Frequencies
Set this option to the number of natural frequencies that you want ALGOR to compute.

Cut-Off Frequency

If you want eigenvalues below a certain frequency, specify that frequency here. Otherwise,
leave this option blank to compute the “# of Frequencies” that you chose.

Rigid Body Modes

Set this to the expected number of rigid body modes. Typically this will be zero (or blank) if
you have applied constraints to your model.

Shift Frequency
If you want to apply a frequency shift during the modal solution, specify it here.

Max Iterations and Convergence Tol

The ALGOR Modal solution uses subspace iteration to compute the natural frequencig
your model. It will continue to iterate until it reaches “convergence” within the tolerance
you specify here, or until it reaches the maximum number of iterations that you permit

STURM Sequence Check

If you choose this option, a Sturm Sequence Check will be performed to insure that th
est eigenvalues have been obtained.
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Limitations

In addition to the notes and restrictions described at the beginning of this chapter, the follow-
ing items also apply to models that you write from FEMAP.

O FEMAP can handle any node numbers that you want to use, ALGOR cannot. You must
have all nodes defined in sequence starting at 1 with no gaps. If you translate a model
with node numbering gaps, FEMAP will ask you whether you want to automatically
renumber the nodes, or translate “dummy” nodes to fill all of the gaps. Either method
will be successful, but if you have large gaps, translating “dummy” nodes can result in an
extremely large model.
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O The SSAP9 Mass and C.G. calculation routines seem to have problems getting correct
estimates using the free-format model file that was generated by FEMAP. Thisis espe-
cially true for Type 2 (Beam) elements. If you are experiencing difficulties, read the
model into ALGOR’s AEDIT program and using option 29, write a new, fixed-format
file. Then use that file with SSAP9.

7.2.15.2 Performing an ALGOR Analysis

After you have written the ALGOR file, running an analysis is straightforward. Simply
invoke the appropriate ALGOR solution processor. From the DOS prompt, this typically
requires a command like:

SSAPO nodel nane

for Static analysis, or substitute SSAP1 for modal analysis. The processor hames also change
slightly if you are using the ALGOR “Hyper” version (SSAPOH and SSAP1H) or the com-
posite analysis versions (SSAPOC and SSAP1C). You do not have to run the ALGOR
decoder or any other programs. FEMAP has already done the formatting.

When the processor starts, just type “RUN”" to execute the analysis.

7.2.15.3 Reading an ALGOR Model

Just as you can translate a FEMAP model to ALGOR, you can also read ALGOR models
into FEMAP. Usually you will want to start a new FEMAP model before loading the
ALGOR file. Then choose the File Import Analysis Model command and select ALGOR.
You will see the standard file access dialog box where you can choose the ALGOR model
that you want to read. The file must be a “processor-format” file, so if you have a model that
you created with SuperDraw, you must use the ALGOR Decoder to create processor files
before they can be read.

7.2.15.4 Reading ALGOR Analysis Results

When you have completed your ALGOR analysis, you can load the results into FEMAP for
postprocessing. You must always start with a FEMAP model that corresponds to the
ALGOR analysis. If you do not have one, or if you have changed the ALGOR files since you
translated them from FEMAP, you must first start a new FEMAP model and read the
ALGOR model as described in the previous section.

FEMAP can read two types of ALGOR output files: (1) the displacement output file (*.DO)
and (2) the stress output file (*.NSO). Both of these should have been produced during your
analysis. You should not need to perform any special setup or preparation. To load the
results, choose the File Import Analysis Results command and select ALGOR. You will
have the option of reading or skipping either output file. If you choose to read a file, FEMAP
will display the standard file access dialog box so you can choose the file that you want to
read. Before reading data from a file, you will see a brief description of the file in the Mes-
sages window, and you will be asked to confirm that this is the file you want to read.

Output for Postprocessing

The formats and contents of the ALGOR files are described in the ALGOR Advanced Pro-
grammers Manual. From the Displacement file, FEMAP will read the nodal translations and
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rotations. FEMAP will also compute the displacement magnitudes, or Total Transation and
Total Rotation.

The Stress output file is significantly more complex. Each element type produces different
output. FEMAP will read al of the output available for the supported element types, except
Boundary Elements. Since FEMAP really does not support boundary elements (they are
loads), that output cannot be postprocessed. In addition to the output in the file, FEMAP
computes additional output during the translation. For example, plate elements only report
corner stresses. FEM AP computes the centroidal stress by averaging the corner values for
each element. Likewise, FEMAP computes principal, max shear, mean, and Von Mises
stresses whenever possible.

7.2.16 CAEFEM Interfaces

CAEFEM is ageneral purpose Finite Element Code from Concurrent Analysis Corporation.
CAEFEM usesthe FEMAP Neutral File format for input and output. CAEFEM runs as a 32-
bit Windows Application. Sinceit is atrue Windows program, you do not have to leave the
Windows environment to perform an analysis.

7.2.16.1 Writing a CAEFEM Model

The File Export Analysis Model command allows you to write afile suitable for processing
by CAEFEM. Since the CAEFEM input fileisidentical to the FEMAP Neutral File, the
same options are presented when translating. Be certain to select formatted as the File For-
mat. Since CAEFEM does not use existing FEMAP Geometry or Output, you can turn off
translation of these entities to make the CAEFEM input file smaller and quicker to process.

7.2.16.2 Performing a CAEFEM Analysis

Since FEMAP and CAEFEM are both Windows applications, you have several options for
actually running your analysis. You can exit or minimize FEMAP, and start CAEFEM sepa-
rately, or you can have FEMAP automatically launch CAEFEM.

If you are starting CAEFEM external to FEMAP, simply double-click on the CAEFEM icon
in the CAEFEM group. Next, select READ FEMAP file from the translate menu and select
the Neutral File nameyou created in FEMAP. CAEFEM will now prompt you for adatabase
name for its own internal use. To accept the default, press OK, or you may assign any name
you wish. The model will now be read into CAEFEM. The status of the tranglation is
reported in the status bar at the bottom of the window. If CAEFEM encounters any errorsin
the model, they will be reported in the Messages Windows. You should correct any of these
errorsin FEMAP before proceeding with the analysis.
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Once the model has been successfully read, choose Run from the Analysis Menu. You will
be prompted for the type of analysis, as well as any other pertinent data required for your
specific analysis type. When you have finished setting up the analysis, press Run.

When CAEFEM has finished running, you must write the results for postprocessing in
FEMAP. Select Write FEM AP Results from the Translate Menu. If you select the same Neu-
tral File that was used for importing the model, you can either overwrite the model, or
append the results onto its end. Select an appropriate file name, and the results will be output
inthe FEMAP Neutral File format. You can now exit CAEFEM.
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7.2.16.3 Reading CAEFEM Analysis Results

If you have automatically launched CAEFEM, FEMAP will automatically recover the
results. If you have run CAEFEM separately, you must restore or restart FEMAP.

Depending on how you wrote the analysis results determines how you will import the data
for post processing in FEMAP. The most important thing to remember is that FEMAP
requires that the model information be loaded before the analysis results. If you wrote the
analysis resultsinto anew Neutral File, you will have to load the original model file first,
either by reading the Neutral file that was input into CAEFEM, or reading in the FEMAP
Model file. If you appended the results onto the original input file, you can load the model
and the results at one time by reading this neutral file.

7.2.17 CDA/SPRINT Interfaces

FEMAP provides direct interfaces to the CDA/SPRINT format. Depending upon which ver-
sion of CDA/SPRINT you are using, it will either operate like MSC/PAL (CDA/SPRINT 1)
or CAEFFEM (CDA/SPRINT 2). For more information on these options, please see the
appropriate interface information in this section.

7.2.17.1 Writing a CDA/SPRINT Model

CDA/Sprint Model Wiite When you choose the File

Export Analysis Model com-
mand and select CDA/SPRINT,
 ‘Wite SYSTEM DEFINITION File [Nodes, Elems... youwill see the CDA/Sprint

=2 Model Write dialog box.
W wiite SOLUTION COMMAMD File [Loads...]

Wersi .
Ersion Title I

Here you can specify aTitle as
oK Cancel | well aswhich filesto write. The
most important choice on this
dialog box however, isthe Ver-
sion. If you select Version 1, the translation will beidentical to the MSC/PAL Interface (see
later in this chapter for more on this Interface). If you select Version 2, the translation will
operate like CAEFEM (see above).

7.2.17.2 Performing CDA/SPRINT Analysis

Please see the CAEFEM Interface description for CDA/SPRINT Version 2, and the MSC/
PAL description for CDA/SPRINT Version 1.

7.2.17.3 Reading a CDA/SPRINT Model

When you select the File Import Analysis Model option with the CDA/SPRINT format, you
will seethe standard Windows Open File dialog box. The default extensions will be *.neu,
* cae, and * .txt. Thefirst two file extensionswill denote the file asa FEMAP neutral file, the
standard input for CDA/SPRINT 2. The *.txt default is the standard for CDA/SPRINT 1.
Please see the FEMAP Neutral File description for reading CDA/SPRINT 2 files, and the
MSC/PAL description for reading CDA/SPRINT 1 files.
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7.2.17.4 Reading CDA/SPRINT Analysis Results

Please see the CAEFEM Interface description for CDA/SPRINT Version 2, and the MSC/
PAL description for CDA/SPRINT Version 1.

7.2.18 CFDesign Interfaces

CFDesign is a computational fluid dynamics program by Blue Ridge Numerics. CFDesign
uses the FEMAP Neutral File format for input and output. CFDESIGN runs as a 32-bit Win-
dows Application, therefore, you do not have to leave the Windows environment to perform
an analysis.

7.2.18.1 Writing a CFDesign Model

The File Export Analysis Model command allows you to write afile suitable for processing
by CFDESIGN. There are no inputs required for this analysis. FEMAP simply writes a
FEMAP neutral file which can be read by CFDesign.

7.2.18.2 Performing a CFDesign Analysis
You have several options for actually executing CFDesign. You can leave or minimize
FEMAP and run CFDesign separately, or you can have FEM AP automatically launch and
recover results from CFDesign. To have FEMAP launch CFDesign, you must create an envi-
ronment variable in Windows, CFDESIGNDIR, which contains the path to the directory
where the CFDesign executabl e resides. If this environment variable is set, FEMAP will
automatically launch CFDesign, aswell as monitor its execution and return resultswhen it is
finished.

7.2.18.3 Reading CFDesign Analysis Results
If you launched CFDesign from FEMAP, FEMAP will monitor CFDesign and automatically
recover results (assuming you have not exited FEMAP).

If you ran CFDesign separately, either restore the iconized FEMAP or restart FEMAP. Then
recover the results from the FEMAP neutral file written by CFDesign. Please contact Blue
Ridge Numerics for more information on the contents of this neutral file.

7.2.19 COSMOS Interfaces

FEMAP provides direct interfaces to the COSMOS GEOSTAR file formats. You can write a
FEMAP model to the COSMOS format for analysis, read an existing COSMOS model, or
read analysis results for postprocessing.

7.2.19.1 Writing a COSMOS Model

The File Export Analysis Model command allows you to write your FEMAP model into a
file that can be analyzed by COSMOS. Thisfile contains GEOSTAR commands, just like
the ones you would use if you were running GEOSTAR directly.

Starting to Export

After you choose File Export Analysis Model and COSMOS format, there are five analysis
types available: (1) Static, (2) Normal Modes, (3) Buckling, (4) Steady-State and (5) Tran-
sient Heat Transfer. Choose the type which corresponds to the analysis you plan to perform
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and press OK. In either case, you will then be asked for the name of thefile that you want to
create. You will notice that the default filename extension is “.GFM”.

After you specify the filename, you

COSMOS Wit will see the COSMOS Write dialog

Wwirite AMALYSIS 4 RUN Commands v

-~ General
™ Include InFlane Stiffering Eflects
™ fdd Saft Springs
™ Use Thick Plate Formulation
[~ ‘wiite Plane Strain as Plane Stress Elements
™ Plane Elem Stresses in Global Coordinates [ Off=Elemental |

St S pring Eanstant 1.E-E

Canstraint Set | j
¥ Calculate Beaction Forces
— Static Analysi
Spring Conztant for Constraints in Local CSys |1.E+‘I 1]

= FEdal an Bkl dralusr

box. The General and other options
at the top of the dialog box apply to
either Static or Modal analyses.

Write ANALYSIS / RUN
Commands

Check this option if you want
FEMAP to include the necessary
commands to automatically analyze
your model when it is read into

Sralisrs i ethed

| I7] GEOSTAR. If you would rather
Humter o Erequences |1 [Earsistentiess: it I |oad the model into GEOSTAR, and
Mumber of Subspace ierations |16 Sturm Chrecl 5 examine or modify it before con-
Ftequency St idetiod [ tinuing with your analysis, do not

Erequency Stift Walue IU- CheCk thlS Option_
Elgenyalue Coryvergence Tl |1.E-5 . .
o] In-Plane Stiffening and Soft
0K Cancel |

Springs

These options control the associ-

ated fields on the A_STATIC or A_FREQUENCY commands. If you check “Include In-
Plane Stiffening...”, in-plane stiffness effects will be considered in your analysis. When you
check the “Add Soft Springs” option, you must also specify a small, nonzero “Soft Spring
Constant”. This value is added to the diagonal terms of the global stiffness matrix.

Use Thick Plate Formulation

Check this option if you want FEMAP to translate your plate elements to COSMOS Thick
Plates (SHELLAT). If it is not checked, SHELL4 elements will be created.

Plane Strain as Plane Stress

If you want to perform a plane stress analysis, build your model with plane strain elements
and check this option. The proper options will be set to analyze your model as plane stress.

Plane Element Stresses in Global Coordinates

When you analyze plate and other planar elements, it is important to remember in which
coordinate systems the stresses will be reported. By turning on this option, all planar element
stresses will be returned (and postprocessed) in a consistent set of global rectangular coordi-
nates. If you leave this option unchecked, these stresses are recovered (and postprocessed) in
elemental coordinates, which can be mixed between elements. It is usually best to turn on
this option for plate models.
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Constraint Set

The constraint set list allows you to choose a constraint set for your model. You can only
choose one set for each file that you trandate. If you want additional sets, you must translate
several times.

If you do not want any constraints on your model, just specify the constraint set ID as O (or
blank).
Calculate Reaction Forces

If you choose to “Calculate Reaction Forces”, FEMAP will add RFND commands for your
constrained degrees of freedom. When you analyze the model, COSMOS wiill calculate reac
tion forces for those degrees of freedom.

Preparing for Static Analysis

If you are translating for static analysis, you should also specify the “Spring Constants for
Constraints...” option. This value is written to the A_STATIC command, and is used to
impose boundary conditions in local coordinates.

Preparing for Modal Analysis

Several additional options are required to setup a modal analysis. All of your selections are
translated directly to options on the A_ FREQUENCY command

You sh_ould always choose_ the desirec g Bucking Anabs ;
analysis method from the list, and Set | analsis Methad | =
the number Of frequenCieS that yOU Mumber of Frequencies |1 Comsistent Mass Matriz [~
want to calculate. Refer to your GEO-| Wumber of Subspace lterations |15 Sturm Check [
STAR documentation for more infor- | Fequency shitt ethod f = =
. . w .
mation regarding proper values for the  Frequency skt value [0 !z=
Other Options. Eigenvalue Convergence Tal |1.E-5 :e
s I Cancel I E'
2
Preparing for Buckling Analysis o

Setting up a buckling analysis is just like setting up a modal analysis. All of the same o
shown above must also be specified for buckling. You will notice that the list of analys
methods is somewhat shorter for buckling, and instead of frequencies you are dealing with
eigenvalues. Otherwise, the available options are very similar. For buckling however, it is
very important to specify the loading conditions that you want to analyze. Therefore, after
you choose the buckling options, you will see the standard entity selection dialog box where
you can specify the load case to analyze.

Refer to the COSMOS A_BUCKLING command for more information on setting the buck-
ling options.



7-1 24 Translator Reference

Preparing for Heat Transfer Analysis
For both steady-state and

COSMOS Write Heat NALYSlS — . transient heat transfer anal-
ik 3 v . . .
5 - SIS ysis, the dialog box that is
eneral : -
™ Use Thick Plate Formlation dlSpl ayed tO SpECI fy the
—Heat Tranzfer Analysi anal yS| S Optl OnS- IS §1OW-n
e | ] here.Thisis obvioudy dif-
_ _ ferent than the dialog box
Analysis Method ID..Modlfled Newton-Faphzon j |
) required for the structural
" Line Search Search oleranse ID.5 .
analysis types.
Offset from Absolute Zero |4ED. Start Time ID.
TR —— [ StepTime [0 Specifying Initial
Iterations before reforming stiffness matrix I‘I Increment |1' Tem p erat ures
Time steps between equilibrium iterations I‘I If you want to assi gnan ini-
P a equilibrium iterations per time step |2U Print Freg |1 tial nodal temperaIure dis-
Convergence tolerance [oom [~ Cals Gradient/Flus tribution, create a separate
load set in your model that
T contains the desired tem-

peratures. When you trans-
late, choosethat load set for
the Initial Temperatures. Instead of writing these temperatures as thermal loads, they will be
used asinitia conditions.

Offset from Zero and Stefan Boltzmann Constant

These options must be specified if you are including radiation in your analysis, otherwise
they can be ignored.

Specifying Times

The Start Time, Stop Time and Increment define the time range in which atransient heat
transfer analysis will be performed. They are not required for steady state analysis.

Calc Gradient/Flux

Turn on this option to postprocess temperature gradients and heat fluxes. If you are only
interested in looking at the temperature distributions, leave this option off to save time.
Other Solution Options

The remaining options correspond directly to options on the COSMOSHT_SOLN,
HT_OUTPUT and A_THERMAL commands, and deal with the analysis methods and con-
trols. Refer to the COSM OS documentation for more detailed descriptions of these options.

7.2.19.2 Performing a COSMOS Analysis

After you have written the COSMOS file, running an analysisis relatively straightforward.
Simply start GEOSTAR with a new model. Then choose the FILE command (on the CON-
TROL UTILITY menu), and type the name of the file that FEMAP wrote. Be sure to include

the “.GFM" filename extension. Optionally, you can type the entire command, as follows:

FI LE, fil ename. GFM
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Or, if you do not want the model to be displayed, or the commands to be echoed, type:
FILE, fil enane. GFM 0, O, O;

If you told FEM AP to include the necessary commands to automatically analyze your
model, no further input is required. GEOSTAR will load your model and call the appropriate
COSMOS processors. If you did not include these commands, you will have to use the com-
mands on the GEOSTAR ANALY SIS menu to begin the analysis. The advantage being that
you can review your model in GEOSTAR before beginning the analysis.

7.2.19.3 Reading a COSMOS Model

Just asyou can translate a FEMAP model to COSMOS, you can a so read COSMOS models
into FEMAP. Usually you will want to start anew FEMAP model before |oading the COS-

MOS file. Choose the File Import Analysis Model command and select COSMOS. You will
see the standard file access dialog box where you can choose the COSMOS model that you

want to read.

Expanding a COSMOS Model

FEMAP does not support all GEOSTAR commands. Therefore, if you built your model
using GEOSTAR, you probably used some unsupported commands. If you try to read the
GEOSTAR session file, FEMAP may skip parts of your model. You can refer to the table at
the beginning of this chapter to see which commands are supported, or simply try to read the
file and seeif your model translates successfully.

If your session file contains unsupported commands, and parts of your model arelost in the

translation, you should “expand” your COSMOS model using the GFORM_OUT com
(found on the GEOSTAR CONTROL UTILITY menu). This command will produce a n¢
session or command file that contains your entire model, but does not use any of the ¢
STAR generation commands. FEMAP will typically be able to read your entire model f
this expanded file.

Working with MODSTAR Models

Since FEMAP can only read files that contain GEOSTAR commands, any models that
have which were built using MODSTAR must first be converted before they can be red
You can use the MOD2GEO command (in MODSTAR) to produce a GEOSTAR com
file from these models.

7.2.19.4 Reading COSMOS Analysis Results

When you have completed your COSMOS analysis, you can load the results into FEMAP
for postprocessing. You must always start with a FEMAP model that corresponds to the
COSMOS analysis. If you do not have one, or if you have changed the COSMOS files
(either manually or in GEOSTAR) since you translated them from FEMAP, you must first
start a new FEMAP model and read the COSMOS model, as described in the previous sec-
tion.

SUOLVISMVYNL
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FEMAP reads many of the COSMOS files, as shown in the following table:
COS.M o= Description Comments
File

model.LCD | Binary (Static) Displacement file | Choosethisfileif you did a static analysis.

model.LCM | Binary Mode Shapefile. Choose thisfileif you did amodal analysis.

model .STE Binary Stress/Strain file Automatically selected if it exists and you
choose the .LCD or .LCM files.

model . HTO | Binary Temperature file Choosethisfileif you did a heat transfer
analysis

model . OUT | ASCII printed output file Do not use thisfile unless the binary files do
not exist - for example if you ran the analysis
on adifferent type of computer.

To load the results, choose the File Import Analysis Results command, and select COSMOS.
FEMAP will smply display the standard file access dialog box so you can choose the fileto
read. Before reading datafrom afile, you will see a brief description of the filein the Mes-
sages window, and you will be asked to confirm that thisis the file you want to read. As
shown in the table the preferred files to read are the binary files. Usethe ASCII fileonly asa
backup if the other files do not exist or were created on a different system.

Output for Postprocessing

The formats and contents of the COSMOS output files are described in the COSM OS manu-
als. From these files FEM AP can read displacements (or eigenvectors and frequencies from
amodal analysis), reaction forces, error estimates and elemental forces, stresses, strains,
strain energies, temperatures, heat fluxes and temperature gradients. Output can be read for
SPRING, TRUSS3D, PIPE, BEAM3D, SHEL L4, SHELLAT, SHELL9, SHELLA4L,
SHELLOL, TRIANG, PLANE2D and SOLID elements.

In addition to the output found in the COSMOS output files, FEMAP will compute the dis-
placement magnitudes, or Total Translation and Total Rotation. Likewise for stress output, if
centroidal stresses are not reported in the output file, FEMAP will compute them as the aver-
age of elemental corner values. In addition, FEMAP will compute principal, max shear,
mean, and Von Mises stresses whenever possible.

7.2.20 GENESIS Interfaces

FEMAP aso provides interfaces to GENESIS. You can import, export, and postprocess
GENESIS model information. Import and export of GENESIS modelsis very similar to
NASTRAN procedures. Please seethe MSC/NASTRAN Interface section of this chapter for
more details.
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The one mgjor differenceisin the Bulk Data.

There are very few options available for GENE- — ERuSEllLl
SIS. You may also postprocess GENESIS by PARAM et | ske |
using the File Import Analysis Results com- : ———  ENpDaTA |
mand and selecting the appropriate GENESIS : 5 ml
results file. The default extension for thisfile etk | ——— |
is*.PST.

7.2.21 MSC/PAL (CDA/SPRINT 1) Interfaces

FEMAP provides direct interfaces to MSC/pal (also CDA/Sprint 1) model and output file
formats. You can write a FEMAP model to the System Definition, and Solution Command
(formats for analysis), read existing model files, or read analysis results for postprocessing.

te:

All references to MSC/pal and CDA/Sprint 1 in this section can be used interchangeably.
Both programs use identical file formats. CDA/Sprint 1 is an enhanced version of M SC/pal
that can support larger models and run with Windows.

7.2.21.1 Writing a Model

The File Export Analysis Model command allows you to write your model into two files that
can be read by MSC/pal. The System Definition file contains the “model” commands
(nodes, elements, properties, materials, etc.). The Solution Command file contains log

Choosing a Version of MSC/pal

FEMAP supports all versions of the MSC/pal 2 program, including Version 4. Each ne
version, provides some additional capabilities that were not included in earlier version
Prior to MSC/pal 2 Version 1.0, there was also an MSC/pal program. While we have nd
cifically tested FEMAP with that program, you should be able to use it. All references {
MSC/pal in this manual refer to MSC/pal 2.

SUOL“TISNYVY L

When you choose the File Export Analysis

Model command and select MSC/pal 2, y01
will see the MSC/pal 2 Model Write dialog [ ¥&"
box. Here you must choose the version of
MSC/pal that you are using. You should
always choose the version that you will use
to run the analysis. If that is not possible
however, choose the latest version (4). Parts
of your model may be translated to the file
using commands that your version will not support. This may result in an aborted analysis.

Title

You can also enter a title for your analysis. The text that you type will be written to a TITLE
command in the System Definition File.

Tite |

L
2
3
o

IV wiite SYSTEM DEFINITION File (Modes, Elems...)

¥ ‘wiite SOLUTION COMMAND File [Loads...]

ak I Cancel |
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System Definition and Solution Command Files
If you want to skip writing either of these files, just turn off the appropriate option. Other-
wise, leave both options on and FEMAP will write both files.

The System Definition File

If you chose to trandlate the System Definition

"'5 " _ LA T file, you will see the standard file access dialog
[ Flate 105 .
- i -~ box after you press OK. The default file exten-
Mo Membrane Mo Bending . . “ 1
' Plane Stress Membrane " Zisnkiewicz Bending sion will be “.TXT ! but yOU C.an choose any .
 Plane SusnMembrane @ Kirchoff Bending name that you want for this file. Next, you will
see the MSC/pal 2 System Definition dialog
fCa'_e Fa°;°' f°;“°'ma'8“"”ess fooor box. Depending on the version and the type of
cilbise | analysis you have chosen, some of these options
~ DOF Set may be disabled.
7 orsen | = Plate Options
1 izt . . . .
o E;n':al | = The six options in this group choose the mem-

brane and bending formulations that will be
used for plate elements. These options directly
[ | cancel | correspond to options on the QUADRILAT-
ERAL PLATE TYPE and TRIANGULAR
PLATE TYPE commands. They are only used if
you have Plate elements in your model.

) Eliminate Messless Degreesiof Ereedom

These settings do not apply to Membrane, Bending, Plane Strain, or other planar elements in
your model. Those element types automatically choose the correct settings to emulate the
appropriate behavior.

Scale Factor for Normal Stiffness

MSC/pal plates do not have any rotational stiffness in the direction that is normal to the
plane of the element. In some cases, you will be able to constrain these degrees of freedom
so that you have a stable, solvable model. In other cases, this may be impractical or impossi-
ble. To eliminate the need to constrain these degrees of freedom, specify a stiffness value
here that will be used as the rotational stiffness. You should always specify a value that is
small relative to your model stiffnesses.

Laminate Database

MSC/pal 2 Version 4 supports laminated plates, but does not allow you to define the lami-
nates in your model. Instead, you must define the laminate in a laminate database and then
refer to that database in your model.

Using laminates with FEMAP is somewhat difficult due to the MSC/pal restrictions. You
must follow these steps:

1. Define all of your laminate layups and materials in the MSC/pal laminate database. Give
them descriptive titles of 25 characters or less.

2. Define your FEMAP model with laminate properties. You must define the FEMAP prop-
erty titles to match the titles that you specified in the laminate database. The property IDs
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do not matter, just the titles.
3. When you translate, specify the filename of your laminate database in this option.

Constraint Set

If you want to constrain your model, ssmply choose the appropriate constraint set from the
drop-down list. Turn off the box at the left if you do not want any constraints. When the box
is not checked, you will not be able to select a constraint set.

Activate and Eliminate

You can choose an additional “constraint” set that will be used to activate or eliminate
degrees of freedom from the analysis set. This capability is widely used for reduced dynamic
analysis, but can be used in other situations. If you have a set that contains the degrees of
freedom that you want, choose the Activate option, and the set. If your set contains the
degrees of freedom that you do not want, choose Eliminate, and the set. If you want to auto-:
matically eliminate massless degrees of freedom, pick that option.

The Solution Command File

If you chose to write the solution command file, you will see an additional file dialog box.
The default extension is “. TXT" so be certain not to overwrite your System Definition File!

Depending on the type of analysis, the remaining dialogs, and hence the contents of the
Solution Command file will be different. The following paragraphs describe these options.
Preparing for Static Analysis

If you are translating for Static Analysis, FEMAP will display the standard entity select
dialog box so you can choose the load sets that you want to translate. You can choose

more sets for your analysis. Remember however, that you were only able to choose o a

straint set in the System Definition file. If you want to analyze other combinations of I0g@5

and constraints, you must translate several times. ‘f

. . . -

Preparing for Dynamic Analysis )

If you chose to translate L

for MOdal Transient or M5C/pal 2 Solution Commands for Dynamic Analpsis

Frequency Analysis, you I Loadet | IEl

will see the d|a|og box —Modal Solution—————— — Transient Salution

Shown here. Depending 0 Evcitation ekl | = sl M el

on the solution type that 9 o Enal i | Pt

you chose, various sec- SRR it e T

tions of this dialog box Shilt sz Gupatineement [T el [T

will be disabled. Ergenvestar Ennt Threst e ol e I— D I—

Load Set — Frequency Responze

If you want to apply loads [ Propettenaibareing R |

to your model, check the Al e sl __ ModelDamping_ |

! e[
box at the left, and choose ) A [
the load set from the drop-
. oK I Cancel
down list. For MSC/pal |
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dynamic analyses, you can only choose asingle load set. Typically, you will not specify a
load set if you are doing Modal Analysis.

Modal Solution

This group contains the primary options for modal analysis. The QR, Jacobi, and Subspace
Iteration buttons choose the method that will be used to extract your eigenvalues. Refer to
the MSC/pal documentation for more information on the characteristics of each of these
methods. The Shift Valueis used to specify shifting during eigenvalue extraction. It can be
used to improve convergence or allow extraction of rigid body modes. In many cases, you
will want to leave this value blank. The Eigenvector Print threshold is used with the
ORTHOGONAL EIGENVECTOR CHECK command. It sets the limit where eigenvector
cross products will be printed.

Proportional Damping

These two values are used to multiply the stiffness and mass matrices (C=C;K+C,M). Refer
to the MSC/pa documentation for more information.

Transient Solution
This group of optionsis only required when you are trandating for transient analysis.

The Excitation Table defines the time history of the applied loads. If you press the Excitation

Table button, simply enter atime and excitation coefficient and press Apply. The dialog box

will then be displayed again. If you want to specify an additional time/coefficient entry,

input the values and press Apply again. After you have “applied” the last entry, press Done
to complete the table.

The “Final Time”, “Time Increment” and “Output Increment” specify the options for the
TIME RANGE command. The “Final Time” and “Time Increment” specify the time sweep,
with output at each time increment. The “Output Increment” defines the number of solution
time steps per output time period (the “Time Increment”).

“Rigid Body Modes” should be set to the number of zero frequency modes.

If you check the “Use All Modes” option, all natural frequencies will be used to compute the
transient response. Otherwise, you can choose a range of modes to use by specifying the
First and Last modes and an Increment.

“Damping %" defines the damping level as a percent of critical modal damping ratios. The
value you specify is translated to the DAMPING PERCENTAGES command.

Frequency Response

The options in this section
— are only available when you
N S Fre : are translating for frequency
o tsnesp e | __ModslDanping_ | response analysis.The First,
) Freaine | Last, and Frequency Incre-
T | Conesl | ment determine the frequen-
cies that are used for the
frequency sweep. They

| Frequency Responze

= Proportional D'amping First Sweep Freq

should be specified in cycles/sec.
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If you press the Modal Damping button, you can input a frequency and damping percentage.
You can create amodal damping table which contains damping percentages as a function of
frequency. You use this dialog just like the Excitation Definition dialog described above.
Just enter the table values and press Apply. After you have entered all values press Done.

Special Cases

Depending on the contents of your model, you may see additional questions or warnings as
thefileistranslated. For example, axisymmetric and other 2-D elements must liein the glo-
bal XZ plane for MSC/pal. If you have built your model in adifferent global plane, FEMAP
will ask if you want to automatically realign it to the XZ plane. FEMAP can only “flip”
between global planes. You should never build an axisymmetric model in a skewed plane.

For axisymmetric models, you will also have an opportunity to specify a scale factor for
loads. This factor is normally 1.0, but can be adjusted depending on whether you specified
loads on a per radian or per revolution (360 degrees) basis.

7.2.21.2 Performing an Analysis

How you run MSC/pal differs depending on which version you want to run. MSC/pal 2 Ver-
sion 4.0 provides a menu driven interface that did not exist in earlier versions. Ultimately
however, the process involves the following steps:

1. Run the PAL2 program, and load the System Definition file.
2. Run either STAT2 (statics) or DYNA2 (dynamics), and load the Solution Command file.

3. When the analysis is complete, recover output to a file so that you will be able to po|
cess using FEMAP.

If you are using MSC/pal 2 Version 4, you can perform these steps from the PAL Men
rather than by executing separate programs.

7.2.21.3 Reading a Model

Just as you can translate a FEMAP model to MSC/pal, you can also read MSC/pal mg
into FEMAP. Usually you will want to start a new FEMAP model before loading the M
pal file. Choose the File Import Analysis Model command and select MSC/PAL 2. You
see the standard file access dialog box where you can choose the MSC/pal model thd
want to read.

SHOLVISNYY L

Since the MSC/pal model is partitioned into two files, you should always read the system
definition file (the model) first. Then read the solution command file to add the loads to your
model. In fact, you can read multiple solution command files if you have more than one load
case.

Expanding an MSC/pal Model

FEMAP does not support all of the MSC/pal commands. If your model contains some of the
unsupported generation commands, you will have to expand it before it can be read into
FEMAP. Use the ADCAP2 program (supplied with MSC/pal) to expand your file. ADCAP2
simply converts your model into the more basic node and element definition commands.
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\Wte:

ADCAP will discard any nodes that are located at the global origin (0.0,0.0,0.0). If your
model contains one or more nodes at this location, and you expand it using ADCAR,
FEMAP will warn you that some nodes do not exist. You can then use the Model Node com-
mand to recreate those nodesin FEMAP at the origin. After you have created all missing
nodes, use the File Rebuild command to check your model to insure all nodes are present.

7.2.21.4 Reading MSC/pal Analysis Results

When you have completed your MSC/pal analysis, you should recover output to afile.

FEMAP reads the normal output files from MSC/pal. There is no need to do any special

setup or processing. You can choose any level of output that you want. Just be aware that if

you do not recover the output to your file, FEMAP will not be able to postprocessit. For that
reason, it is usually best to specify a fairly “high” level of output recovery. Likewise, you
can limit output recovery to a selected group of nodes or elements, but it is usually best to
recover output for all entities. If you only recover partial output, the resulting deformed and
contour plots can be misleading.

It is extremely important to start with a FEMAP model that corresponds to the MSC/pal
analysis. This is especially true because the MSC/pal System Definition file does not use
element ID numbers even though the output file does. FEMAP must “match-up” the elemen-
tal output to the elements in your model. This “matching” is purely based on the ID order in
your model. If you modified any of the elements in your System Definition file, FEMAP
could mix-up the output and the elements. Therefore, if you have made any changes to the
MSC/pal files, start a new FEMAP model and read those files before you read the analysis
results.

By default, FEMAP expects output to be in a file with a “.PRT” extension. To load the
results, choose the File Import Analysis Results command and select MSC/PAL 2. FEMAP
will simply display the standard file access dialog box so you can choose the file you want to
read. Before reading data from a file, you will see a brief description of the file in the Mes-
sages window, and you will be asked to confirm that this is the file you want to read.

Output for Postprocessing

As we said above, you can recover any level of output. The output that you can postprocess
is largely dependent on what you choose to recover. FEMAP can read essentially any of the
MSC/pal output, including: APPLIED FORCES (Static Only), EXTERNAL FORCES, DIS-
PLACEMENTS, EIGENVECTORS, VELOCITIES (Transient Only), ACCELERATIONS
(Transient Only), ELEMENTAL FORCES, ELEMENTAL STRESSES, and NODAL
STRESSES.

Unlike the other analysis programs that FEMAP supports, MSC/pal does not write laminate
output so you cannot postprocess it. You must use MSC/pal directly to work with laminate
output.

Frequency analysis output is written with both magnitude and phase information. Currently,
FEMAP can only postprocess the magnitude. Phase information is simply discarded. In
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addition to the output found in the MSC/pal output file, FEMAP will compute the displace-
ment magnitudes, or Total Translation and Total Rotation. Likewise for stress output, if cen-
troidal stresses are not reported in the output file, FEMAP will compute them as the average
of elemental corner values. In addition, FEMAP will compute principal, max shear, mean,
and Von Mises stresses, whenever possible.

7.2.22 mTAB*STRESS Interfaces

\ydte:

Throughout this section, MTAB*STRESS may be referred to as “STRESS” for brevity.

FEMAP provides direct interfaces to the mMTAB*STRESS file formats. You can write a
FEMAP model to mTAB*STRESS format for analysis, read an existing mTAB*STRESS
model, or read analysis results for postprocessing.

Since MTAB*STRESS uses the SAP IV model file format, these interfaces can be used to
read and write SAP models as well. You cannot postprocess SAP IV results, however,
because FEMAP reads mTAB*STRESS output from an “mTAB-unique” output file which
SAP cannot produce.

7.2.22.1 Writing a Model

The File Export Analysis Model allows you to export an analysis model which can be read
by STRESS. After you choose the File Export Analysis Model command, select and
MTAB*STRESS format. Select the appropriate option and you will then be asked for t
name of the file that you want to create. You will notice that the default filename has t
extension “.SAP”.

If you are translating for

-
ol
>
2
(7]
>
=
o
~
(7]

either Static or Modal Anal- | lkiihuil
. . — Gravitational Constants DOF Set

ysis, you will see the SAP

Model Write dialog box Mass]1 weight[385.4 ||| I Lonstont | -

The options at the top of the | [ Static Analsi
dialog box apply to either

Element Load Cases

K W Dizplacements Cia CBCCOD |1..Untitled j
type of anaIySIS' V¥ Pressure/Distibuted ¢ & C B O C & D |1..Untitled j
Gravitational Con- ¥ Temperatures CA B CC & D[l Untited =l
stants ¥ Accelerations 4 CBCCOCD

W ¥ Accelerations Cla B CCOCD

The Mass and Weight con-
W Z Accelerations Cia CBOCOCD

stants are translated directly

to the STRESS solution file. [ 7##7% S
Haf | I &z [ Eerats -

The correct values depend s Esciornin: sgliraions: P

on the units you used When -0 Fregueriey I Canvergence Tjal I I Data Check

creating your model. If you EMUA Sequenee Bheck 1T
defined all masses and den- | - Optional Lacation for Temporary Scratch Files————————————— Ok I
sities in mass units, then the | PathBlank forHone) | Cancel |

Mass constant should
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always be 1.0, and the Weight constant should be the value of the gravitational constant in
your system of units (386.4 in the English system). If you have defined your model with
some other convention, you must adjust the values appropriately.

DOF Sets

Check this option if you want to apply nodal constraints to your model. Then select the
appropriate constraint set from the drop-down list. You can only choose one set of con-
straints. If you have multiple constraint sets, you must trandate them to separate files and
run separate analyses.

Displacements (Boundary Elements)

FEMAP alows you to define enforced displacement loads, but STRESS does not support
them asloads. Instead, STRESS uses Boundary Elements to apply fixed displacementsat a
point. If you have enforced displacements in your model, and you want to convert them to
STRESS Boundary Elements, check this option, and choose the load set that contains the
displacements. You can only choose one load set. If you have multiple load sets with
enforced displacements, you must translate them to separate files and run separate analyses.

Although this option is located in the Static Analysis group, Displacements can also be
selected for Modal Analysis.

Corner Output, Type 5 Hex, Data Check

If this option is chosen, FEMAP will create input that request corner stresses (as well as cen-
troidal stresses) for Type 8, Parabolic Solid, elements. FEMAP will also be ableto read these
corner stressresults back into FEMAP from the output file. If the Type 5 Hex is not checked,
FEMAP will write Type 8 elements even for Linear Solids, so you may recover corner
stresses even for Linear Solids.

The Data Check option allows the user to run the model through mTAB* STRESS just to
determine that the file contains valid input data. Thisis a quick method of determining if
there are any problems with your input file without running the full mTAB* STRESS pro-
gram.

Optional Location for Temporary Scratch Files

This option alows you to specify a path where the scratch files generated during STRESS
operation will be stored. Thisis only applicable when running STRESS directly from
FEMARP It gives you the flexibility to define a different storage areafor these temporary
files, thereby enabling you to utilize your available system space more efficiently.

Translating for Static Analysis

If you choose to translate your model for static analysis, the following options will aso be
available.

Pressure, Temperature and Acceleration Loads

STRESS specifies pressure, temperature and accel eration loads in a significantly different
manner than that used by FEMAP. The loads are contained directly in the Element Group
information and referenced in up to four element load cases. These element load cases are
later combined with a series of multipliersinto the structural load cases. For that reason, it is
only possible to choose one load set for pressure and temperature loads. If you have these
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loads, and you want to analyze them, you must check the corresponding box, assign them to
one of the element load cases, and choose the |oad set from the drop-down list. If you do not,
pressures and temperatures will be skipped even if you later translate other nodal loads
(forces, moments...).

Choice of the appropriate element load cases depends upon your model and the analysis con-
ditions that you want to consider. In general, each type of load should be put into a separate
element load case so it can be turned on or off in analysis cases. However, there are only four
available element load cases so that may not be possible depending on the types of |oads that
you are defining. In addition, there are several restrictions to consider:

QO Each acceleration load component MUST be in a unique element load case that is not
shared with any other load type.

O Whileyou only choose one element load case for pressure loads, if you are defining pres-
sures on multiple faces of solid elements, you MUST leave enough unused element |oad
casesto have one for each additional face. You will be warned if you do not have enough
cases for your pressures.

Defining Structural Load Cases

After you press OK, you will seethe SAP Model Write
Load Cases dialog box. You can then define the structural
load cases that you want to analyze.

SAP Model Write Load Cases

— Load Case Definition

Diefining Load Case : 1
For each load case, you can select a L oad Set that contains I —
Forces, Moments and Gravity Loads (applied to Masses).
You can also turn on or off any combination of the Ele-
ment Load Cases. Only the boxes for Element Load Cases
that you defined will be visible.

¥ A= Acoel [From Load Set Abowve]
[V B2 Accel [From Load Set Above)
[V C=Z Accel [From Load Set Above]
When you have defined a case press OK. The same box [V D=Disp Pressure.Temp

will be redisplayed and you can either define another case
or press Cancel to finish the tranglation.

Press Cancel to Stop

Ok I Cancel

Translating for Modal Analysis

The bottom of the initial dialog box contains additional options that are only available when
you translate for modal analysis

All of these options are sim-

ply translated to the Master [ Modalsnabs:

Contr0| |nput L| ne and the # of Frequencies I‘ID— b ax Iterations 100 g $Dlne;iutput
moda' anal yg S Control com- Cut-0ff Freguency I— Cornvergence Tal IT - D}‘:: Ehej:
mands described in Chap’[ers STURM Sequence Chack W

6 and 7 of the — Optional Location for Temporary Scratch Fles————————————— oK
MTAB* STRESS manual. Path [Blank for Mone) | Cancel |

# of Frequencies
Set this option to the number of natural frequencies that you want STRESS to compute.
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Cut-Off Frequency

If you want eigenvalues below a certain frequency, specify that frequency here. Otherwise,
leave this option blank to compute the “# of Frequencies” that you chose.

Max Iterations and Convergence Tol

The STRESS Modal solution uses subspace iteration to compute the natural frequencies of
your model. It will continue to iterate until it reaches “convergence” within the tolerance that
you specify here, or until it reaches the maximum number of iterations that you permit.

STURM Sequence Check

If you choose this option, a Sturm Sequence Check will be performed to insure that the low-
est eigenvalues have been obtained.

Limitations

In addition to the notes and restrictions described at the beginning of this chapter, the follow-
ing items also apply to models that you write from FEMAP.

O FEMAP can handle any node numbers that you want to use, STRESS cannot. You must
have all nodes defined in sequence starting at 1 with no gaps. If you translate a model
with node numbering gaps, FEMAP will ask you whether you want to automatically
renumber the nodes, or translate “dummy” nodes to fill all of the gaps. Either method
will be successful, but if you have large gaps, translating “dummy” nodes can result in an
extremely large model.

O STRESS does not automatically minimize the bandwidth of your model during an analy-
sis. Prior to running the solution however, you can use the PreSAP preprocessor to do the
bandwidth optimization. Just load the file that FEMAP writes, and pick the bandwidth
optimization options. You should always choose the option to do the optimization trans-
parently. If you do not, you will be unable to accurately read your analysis results back
into FEMAP, unless you first read the renumbered model.

7.2.22.2 Performing an mTAB*STRESS Analysis

If you have the Windows-based mTAB*STRESS solver, FEMAP can launch your analysis
automatically. Before starting Windows however, you must set a DOS environment variable
that tells FEMAP where to find the solver. Typically in your AUTOEXEC.BAT file you
should place a line such as:

W NTAB=C: \ MTAB\ W NTAB. EXE

where WINTAB.EXE is the name of the solver executable file along with the path where it
is located.

If this variable has been defined, FEMAP will automatically ask whether you want to begin
the solution at the end of every time you export a model. Following an automatic solution,

FEMAP will immediately load the results back into the database. You do not have to read

them manually.
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7.2.22.3 Reading an mTAB*STRESS Model

Just asyou can translate a FEMAP model to STRESS, you can also read STRESS models
into FEMAP. Usually you will want to start anew FEMAP model before loading the
STRESS file. Then choose the File Import Analysis Model command and mTAB* STRESS
format. You will see the standard file access dialog box where you can choose the STRESS
model that you want to read.

7.2.22.4 Reading mTAB*STRESS Analysis Results

When you have completed your STRESS analysis, you can load the resultsinto FEMAP for
postprocessing. You must always start with a FEMAP model that corresponds to the
STRESS analysis. If you do not have one, or if you have changed the STRESS files since
you translated them from FEMAP, you must first start anew FEMAP model and read the
STRESS model as described in the previous section.

FEMAP reads all output from the STRESS “.011" file. This file has been developed by
Structural Analysis Inc. specifically for transferring output to FEMAP. It is not available if
you are running some other version of SAP. The “.011" file is produced automatically during
your analysis. You should not have to do any special setup or preparation.

To load the results, choose the File Import Analysis Results command, and select
MTAB*STRESS. FEMAP will display the standard file access dialog box so you can choose
the file to read. Before reading data, FEMAP will show a brief description of the file in the

Messages window, and will ask you to confirm that this is the file you want to read.

Output for Postprocessing

From the postprocessing file, FEMAP will read the nodal translations and rotations. FE
will also compute the displacement magnitudes, or Total Translation and Total Rotatio

The stress output is significantly more complex. Each element type produces different
put. FEMAP will read all of the output available for the supported element types. In add
to the output in the file, FEMAP computes additional output during the translation. For
example, FEMAP computes principal, max shear, mean, and Von Mises stresses whe
possible.

IUOLYISNYVYL

Output for Boundary Elements is read as Nodal Constraint Forces. Since FEMAP real
does not support boundary elements (they are loads), FEMAP must convert the output to a
type of output that is supported. Since Boundary Elements are typically used to impose con-
straints, this element type has been chosen.

Calculating Output at Element Corners

When FEMAP has finished reading your output, you will be asked whether or not to com-
pute element corner output. Since the STRESS output file contains only element centroidal
results, corner stresses and other corner output are not available for postprocessing. Withou
corner values, contour plots and other postprocessing displays can sometimes underestimat
the output values because FEMAP displays the values at the element center, not at the edg
corner where peaks often occur.
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If you answer Yesto this question, FEMAP will automatically invoke the Create Output
Extrapolate command which calcul ates the corner values. Here you will have the option of
calculating corner values for all output, or you can select the output to calcul ate.

You can also answer No. In this case, the translation will be complete, but no corner values
will be calculated. You can always cal culate them later using the Create Output Extrapolate
command.

te:

For Type 8 elements (Parabolic Solids) you should not compute output at the corners (even
though you will be asked). Corner stresses are automatically recovered from MTAB for
these elements.

Time History and Response Spectrum Analyses

Time History analyses produce one output set per time step. Response Spectrum analyses
produce one output set per frequency, plus one for the RSS response. Be aware that these
analyses, especialy Time History, can produce very large output files.

7.2.23 STAAD/ISDS Interfaces

There are three direct interfaces between FEMAP and STAAD. You can write a FEMAP
model to the STAAD format for analysis, read an existing STAAD model, or read analysis
results for postprocessing.

7.2.23.1 Writing a STAAD Model

From the File Export Analysis Model dialog box, you can choose to write your model for
either Static or Modal analysisin STAAD. In either case, FEMAP will display the standard
file access dialog box so you can specify the file that will be created.

N\ int:
Although for most other programs we recommend naming the translated file with the same
name as your model, thisis not agood ideawith STAAD. In fact, it can be avery bad idea.
Unfortunately, when you do modal analysis, STAAD names the mode shape postprocessing
file “filename.MOD". If you specify the same filename as your model, STAAD could over-
write your FEMAP model with the mode shape file. For this reason, it is best to get into the
habit of picking a different name, even if you are doing static analysis.

When you have chosen the file, press OK. You will then see the STAAD IIl Model Write
dialog box.
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Structure Type:

STAAD-III 7 1SDS Model Write

Choose an option from the list — —Print Rlequest
Stucture Type |

that selects the type of structure IV Model Information
thaI yOU ae anal yZI ng' The e Lt IlNEHES jv ¥ Displacements o Mode Shapes
option that you choose is trans- Focelnits — [POUND =] | B Support Beactions
|ated d| reCt|y to the STAAD Property Units IINCHES vl I¥ Member Forces
Command ¥ tMember Stresses

. Grav Constart |388.4 W Element Forces
uUnits: ¥ Include Jaint Farces
Here you must Spec|fy the sys Maodal &nalysi — Post Request
tems of unitsthat you have used & CALC NAT [Subspace lterstion] IV Displacements or Mode Shapes
to deﬂne yOUr mOdeI Since  MODAL [Determinant] V¥ Section Displacements
FEMAP is independent of an Cut OFff Frequency I [V Member Forces/Bending

e ep_ Y Cut Off Mode [ | ¥ Stizsses
specific set of units, you must
manually define these options o | cancel |

each time you translate.

Normally FEMAP supports only one set of unitsin amodel at atime. You can always use
the Tools Convert Units command to change systems of units, but only one can be present at
atime. Very typically however, STAAD models define the structure in one set of units and
properties in another. FEM AP therefore allows you to choose a separate set of length units
for your properties. If you use this option, and then later try to read the model into FEMAP,
you will get awarning message telling you that multiple systems of units are not supported.

Print and Post Requests:

These options specify the output that will be cal culated and written to the printed output file
(PRINT) and to the postprocessing (POST) files. If you want to postprocess your output in
FEMAP or STAAD, make certain you request POST output.

Modal Analysis:

You can choose one of two methods for performing amodal analysis. Refer to the STAAD
documentation to determine which method (CALCULATE NATURAL FREQUENCY and
MODAL CALCULATION) you need to use. The Cut Off Frequency and/or Cut Off Mode
options allow you to limit mode extraction below a frequency, or to a selected number of
modes.

Selecting a Constraint Set

After you have specified all of the desired options, press OK. Next FEMAP will display a
list of the available Constraint Sets so you can pick the one that you want to use for this anal-
ysis. Choose a set and press OK.
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Selecting Load Sets
Finally, you will see the standard entity selection dialog box, where you can choose the |oad
sets that you want to translate. You can choose one or more load sets for each analysis.
Limitations

FEMAP can write complete models for analysisin STAAD. FEMAP does not however sup-
port many of the advanced features of STAAD, like steel, concrete and footing design. Even
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if you want to use these STAAD features however, you can still use FEMAP to build and
mesh your basic model, and postprocess the results, but you will haveto edit the STAAD file
to add the extra commands that are required for these other features.

7.2.23.2 Performing a STAAD Analysis
Typically to run a STAAD analysis, simply follow these steps. Starting at the DOS prompt,
type:
| SDS

Then enter the name of the file that you just created by translating your FEMAP model.
Finally, choose the STAAD-III option from the ISDS menu to perform the analysis.

7.2.23.3 Reading a STAAD Model

If you have STAAD models that you want to manipulate in FEMAP, you must first read
them into a FEMAP database. There are no options to specify when you are reading.
FEMAP simply displays the standard file access dialog box, and you select the STAAD for-
mat model file that you want to read.

AsFEMAP reads your STAAD file, you will see messages in the Messages and Lists Win-
dow to indicate any commands that are unsupported and have been skipped.

Limitations

If you arereading a STAAD model to convert it to adifferent analysis program the following
limitations apply:

O You must not use TABLE or UPTABL E member properties. Thereisno way for FEMAP
to convert the properties to a different analysis program. Expand your model to use
PRISMATIC properties only.

O You should use asingle, consistent set of units. FEMAP cannot handle conversion of
models that use multiple sets of units.

Neither of these limitations strictly apply if you are just working with STAAD. Itisstill a
good idea to always use a single set of units, but FEMAP can handle the case of different
length units for properties than for the rest of the model.

\Wte:

If you are having trouble reading commandsin your STAAD model that should be supported
by FEMAP (refer to table at beginning of chapter), check command namesin your model. In
most cases, FEMAP requires shortened command name conventions that are defined by the
underlined letters in the STAAD manual. In some cases, other shorter combinations also
work, and have implemented them, but you may be using still other combinations.

7.2.23.4 Postprocessing STAAD Output

To postprocess STAAD analysis results, STAAD must write your results to the postprocess-
ing files. FEMAP automatically adds the proper commands (PLOT... FILE) to your model,
aslong as you request postprocessing output when you export.
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After you run STAAD, choose the File Import Analysis Results command, and select
STAAD. Since there are a number of postprocessing files that FEMAP must read, when you
see the standard file access dialog box, you must pick the STAAD model file that corre-
sponds to the output files. The output files always use the same name and directory, and
FEMAP automatically changes the filename extensionsto find all of the output. In addition,
FEMAP actually reads the model file to determine the system of units used in the analysis.
Again, you should always use a single system of units or postprocessing may get confused.

You must always read the STAAD output into your original FEMAP model. If you did not
create your model in FEMAP, just use the STAAD Model Read translator to create a
FEMAP model, then read the output into that model.

FEMAP will read the following output files:

.DIS - Displacements

.MOD - Mode Shapes

.BEN - Member Force and Bending Moments
STR - Element Stress

if they are available. Before reading each of these files, FEMAP will ask you if you want to
read this type of output.

Since FEMAP reads the same output files that STAAD uses for postprocessing, the output is
basically limited to the same types that you can display in the STAAD postprocessor.

7.2.24 STARDYNE Interfaces

There are three direct interfaces between FEMAP and STARDY NE. You can write a
FEMAP model to the STARDY NE format for analysis, read an existing STARDY NE
model, or read analysis results for postprocessing.

7.2.24.1 Writing a STARDYNE Model

From the File Export Analysis Model dialog box, choose STARDY NE and either Static or
Modal analysis. In either case, FEMAP will display the standard file access dialog box so
you can specify the file that will be created.
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When you have chosen

STARDYMHE Model Write the ﬂ I e, pre$ OK.
T HybidElements Gravitational Constant A FEMAP will then dis-
— Tri-Plate Option Huad-Plate Option — Thick Plate Option | the STA RDY N E
' Full Plate 1+ Full Plate = O p ay . .
" Membrane " Membrane " Tri-Plate Only [via TYPE) M Odel erte dl a] Og bOX'
€ Bending  Bending € Quad and Tri [via GUADS] You can customize the
£ Ghieen )  Podal S olution trangdlation by choosing
~DOF Sat & Householder, HOR options from this box.
™ Constraint | j " Lanczos Hyb”d ElementS'
™ EBoundary | j — Eigenvectors and Freq Limits . . '
Check this box if you
™ GUvAN | j 1 of Eigervectors I want FEMAP to t?/ans-
— Output — PostProcess UD.DEI Freq Limit I Iate your model USi ng
E Eisp:a;el_me:lts E itiff?e;sLMa;rix Elem stiffied I S‘rA RDYNE pl ate and
pplied Loads pplied Loads ) . .
—0 a
¥ Nodal Equibrium ¥ Modal Equilibrium et ?t'ms solid hybrid elements
V' Element Carmer Loads V¥ Elemert Carer Loads I Strains (no Stresses) (QUADH, CUBEH) If
V¥ Element Stresses IV Elemert Stresses I”" Corner Stresses this Option is not
™ Strain Energy ™ Element Farces ’TI Carcal I CheCked, FEM A P W| ”
— write QUADB and

CUBEG elements.

Gravitational Constant:

The value that you specify iswritten to the STARDY NE START Entry. You must make cer-
tain that you specify avalue that is consistent with your other model units. You should
always define masses and densities in mass units for FEMAP. Therefore, this value should
always be set to the gravitational constant in the system of unitsthat you are using (386.4 in
English units).

Tri-Plate Option:

These buttons control how FEMAP trandates triangular Plate elementsto STARDY NE. By
selecting Membrane, Bending, or Shear Only, you can limit the forces that your plate ele-
mentswill resist. These options only apply to FEMAP plate elements. Other planar elements
in FEMAP (like Membranes and Bending elements) automatically choose the appropriate
settings. You cannot modify their behavior.

Quad-Plate Option:

Same as the Tri-Plate Option. Thisis used for FEMAP quadrilateral plate elementsthat are
translated to STARDY NE QUADB (or QUADH) elements. Again, it does not apply to other
planar, “non-plate” elements.

Thick Plate Option:

This option further controls your plate behavior. By choosing “Off,” you are choosing thin
plate behavior with no transverse shear capability. If you only have triangular plates, or you
only want to add transverse shear capability to your triangular plates (not your quads), then
you can choose the “Tri-Plate Only...” option. The better approach, however, is the final
“QUADS” option which will fully simulate thick plate behavior for quadrilateral or triangu-

lar plates.
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DOF Sets:

You can use these three options to specify Constraint, Boundary, and GUYAN sets for your
analysis. To trandlate one of these sets, you must first check the option, and then select a set.
You will not be allowed to select a set until the option is checked.

For each DOF set, you may select any FEMAP constraint set that isin your model. All nodal
constraints from that set will automatically be converted to the correct format for the DOF
set that you selected. Constraint equations are not supported, and will be skipped. GUYAN
sets are only available for Modal analyses.

Modal Solution:

These options allow you to choose the type of modal solution that STARDY NE will per-
form. Refer to your STARDY NE documentation for help in choosing the appropriate
method for your model.

Output:

You can use these options to select the type of output that you want in your STARDY NE
printed output file. All options that are checked will be printed. None of these options are
required for postprocessing.

PostProcess:

You can use these options to select the type of output that STARDY NE will writeto the post-
processing file. Whatever output you choose will be available for postprocessing in FEMAP.
If you do not request a particular type of output, you will not be able to postprocess that data.

\ydte:

Dueto limitations in the STARDY NE postprocessing files, you cannot simultaneously
request Plate Element Forces and Plate Element Stresses. Only one can be recovered per
analysis.
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Output Options:

These options allow you to choose whether stresses or strains will be computed and whether
corner stresses will be available (or just centroidal).

Eigenvectors and Frequency Limit:

These options give you additional control of modal analyses. Not all options are available
for all modal solution types. The following table defines their use:

Householder, HQR Lanczos
# of eigenvectors | Number of eigenvectors to compute Same as HOR
Upper Freg Limit | Highest frequency eigenvector to compute. | Same as HQR
Shift Freg N/A Shift frequency

These options are written to the modal analysis control entries. Refer to the STARDY NE
documentation for specific details about how STARDY NE resolves conflicts between the
requested number of eigenvectors and the limit frequency.
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Selecting Loads for STARDYNE

After you complete the Model Write dialog box, FEMAP will begin to export your model. If
you are exporting for static analysis, FEMAP will display the standard entity selection dia-
log box after your model has been written. Thiswill allow you to specify the Load sets that
you want included in the analysis. You can choose one or more load sets for each analysis.

7.2.25 Performing a STARDYNE Analysis

How you run the STARDY NE program depends on the type of computer and the version of
STARDYNE that you are using. In many cases, “batch” files have been established and you
can simply start the analysis by typing:

STAR <fil enane. SDN >fil enane. QUT

No matter how you start STARDYNE however, you must simply supply the file (file-
name.SDN) that you created with FEMAP to the STARDYNE solver. No additional input
should be required.

7.2.25.1 Reading a STARDYNE Model

If you have STARDYNE models that you want to manipulate in FEMAP, you must first read
them into a FEMAP database. There are no options to specify when you are reading.
FEMAP simply displays the standard file access dialog box, and you select the STARDYNE
format model file that you want to read.

In general, you should start a new, empty FEMAP model (see File New in the Command
References Manual) before you read your STARDYNE model file. The FEMAP model will
then match the STARDYNE model. You can however, use this capability to merge several
models. Simply read the files into the same FEMAP model. If you are going to do this, be
certain the model IDs do not overlap. Every time you read a file, FEMAP will overwrite any
existing model entities with the same IDs as those in the STARDYNE file. If your IDs do
overlap, use FEMAP to renumber your models prior to merging.

\Wte:

If you are reading a model that contains multiple element types, the element tables must
appear in the file in the same order as they are shown in the STARDYNE manual. That is,
Beams first, then plates, then solids, and finally, matrix additions. You may be able to use
other orders in certain cases, but you can experience problems as well.

STARDYNE has the capability to use duplicate element numbers across different element
types (i.e. plates, solids...). FEMAP does not support this capability, but can read existing
STARDYNE models that contain duplicate IDs. If duplicate IDs are found, the STARDYNE
Read translator automatically renumbers the model so that the ID ranges do not overlap.
Messages are displayed to let you know that renumbering is occurring. You cannot read out-
put from a model with duplicate IDs. You must first read the model, then use FEMAP to
write a new, “non-duplicate” model before doing your analysis.
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STARDYNE File Formats

FEMAP writes all models using the STARDY NE free-field formats. This allows you to use

large IDs (> 9999). FEMAP can read STARDY NE in either fixed-field, or comma-separated

free field format. FEMAP can skip over “same line” comments which are preceded by a $,
and comments which begin with /DESC. The STARDYNE replicator functions =, =*, R*n,
and L*n are not supported. FEMAP cannot read a file that contains these functions. If you
have a model that uses these commands, you can use STARDYNE to create a TAPEA4 file.
Then use the STARDYNE PSTAR program to load the TAPE4 File and convert it to an
expanded model file that FEMAP can read.

In addition to the commands that are written to a STARDYNE model, FEMAP can read
additional commands and formats. Refer to the table and notes at the beginning of this chap
ter for a full listing of the supported commands.

7.2.25.2 Postprocessing STARDYNE Output

To postprocess STARDYNE analysis results, STARDYNE must write your results to the
TAPE4 File 2. You can request this with the TAPE4G command in the OUTPUT CON-
TROLS section of the STARDYNE manual. By checking the postprocessing options in the
STARDYNE Model Write dialog box, FEMAP will automatically define these requests for
you. If you are not creating your model with FEMAP, you must define the TAPE4G com-
mand manually.

After you run STARDYNE, choose the File Import Analysis Results command and select
STARDYNE. FEMAP will display the standard file access dialog box, and you can pick
TAPEA4 file. When you press OK, FEMAP will immediately open the file and display th4
first few lines in the Messages and Lists Window. FEMAP will then ask if you really wal

read the file that you selected. If you answer Yes, FEMAP will read your output. E
You must always read the STARDYNE output into your original FEMAP model. If you @i
not create your model in FEMAP, just use the File Import Analysis Model command tcoigke
ate a FEMAP model, then read the output into that model. =
]

FEMAP will read the following types of output:

ALOADS - Applied Load Vector

DISP - Displacements/Eigenvectors

BEAMLDS - Beam Loads in Element System
BEAMGLD - Beam Loads in Nodal Coordinate System
BEAMSTS - Beam Stresses

TPLTGLD - Tri-Plate Corner Forces (Nodal CSys)

TPLTSTS - Tri-Plate Stresses or Forces in Elemental CSys
RPLTGLD - Quad-Plate Corner Forces (Nodal CSys)
RPLTSTS - Quad-Plate Stresses or Forces in Elemental CSys
CUBEGLD - Solids Corner Forces in Nodal CSys

CUBESTS - Solids Average Stresses

In addition to the output in the file, FEMAP computes additional output during the transla-
tion. For example, the TAPEA4 file does not contain principal stresses. Based on the data in



7-1 46 Translator Reference

the file however, FEMAP will automatically compute principal, max shear, mean, and Von
Mises stresses whenever possible.

If you are using solid elements, you should be careful when using elemental corner output.
The corner node IDs are different between FEMAP and STARDY NE. FEM AP automati-
cally converts your elements when it reads or writes your model, and automatically reorders
the output asit is read. Because the output is reordered, it can be difficult to compare the
FEMAP output to the STARDY NE printed output.

7.2.25.3 Using STARCRSH.FOR

The FEM AP postprocessor does not require, nor read the TAPE4 File 1 data. Since this data
is contained in the same physical file, you may delete it prior to reading the output (or even
prior to transmitting the file to your PC). The STARCRSH.FOR program can do that auto-
matically. Remember however, thisstep isentirely optional. FEM AP will automatically
skip over the TAPE4 File 1 data if you do not deleteit.

Thefile STARCRSH.FOR can be found in your FEMAP directory. It isa FORTRAN source
file that you can compile with almost any FORTRAN compiler. Before using STARCRSH
the first time, follow these steps:

1. Transfer STARCRSH.FOR to the computer where you are running STARDY NE.

2. Compile STARCRSH with the FORTRAN compiler on that system. Link with the appro-
priate FORTRAN libraries. Resolve any compilation problems.

3. Place the STARCRSH executable in a directory where it can be accessed and assign any
necessary security permissions.

The procedure to run STARCRSH will vary significantly depending on what operating sys-
tem you are using. Here are afew examples:

For DOS or UNIX, type:
starcrsh <file.04 >file2.04

For VAX/VMS type

ASSI GN file.04 SYS$I NPUT
ASSIGN fil e2.04 SYS$OQUTPUT
RUN STARCRSH

No matter what computer or operating system you use, STARCRSH simply reads the origi-
nal file from the standard input and writes the compressed file to the standard output.

7.2.26 weCan Interfaces

There aretwo direct interfaces between FEM AP and weCan. You can writeaFEMAP model
to the weCan format for analysis, or read analysis results for postprocessing. In addition,
FEMAP can automatically run your weCan analysis and read the postprocessing output.
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Exporting a weCan Model

7.2.27 Exporting a weCan Model

From the File Export Analysis Model dialog box, select weCan and choose the appropriate
analysis type. FEMAP will then display the standard file access dialog box so you can spec-
ify the file that will be created.

When you have chosen the file, press OK. FEMAP will then display the weCan Model Write

dialog box where you can specify options for your analysis. Press OK after you have

selected the options for thisanalysis.
Title:

. . WECAN Model Write
Here you can specify atitle (up to 80 charac- o |
ters) that will be used during your analysis. It = !
. . . LConstraint Set I j
will appear in any printed output produced by -
WeCan = Clincu:lent Mode
v Automatic Merge Tolerance I‘I_E-S
Constraint Set: _
i i — Element Optiohs
Choose the set of constraints that you wish to , ,
™ Include Shear Deformation ™ Pre-Buckling

use for this analysis. Both nodal constraints
and constraint equations will be selected from
the set that you choose. The default will bethe
active FEMAP constraint set, but you can
choose any set that isin your model.

Coincident Nodes:
Thisoption is provided to automatically

W Optimize Wavefont

[ Plane Strain as Plane Stress

W Independent Loads
I™ Coupled Heat/Stress

— Dutput Requests

™ Model Infarmation
™ Loads

W Suppart Beactiong
W Displacements

W Stesses

merge any nodesin your model that arewithin ¥ Results for PostProcessing
the specified tolerance of being coincident. I Include Strsin Cancel |

Thisisidentica to the Tools Check Coinci-
dent Nodes command. It isjust invoked auto-
matically. Be careful to turn this option off

if you have properly defined coincident nodesin your model that arerequired for your
analysis. You may also want to turn this option off to save time if you know that you do not

have any coincident nodes.
Element Options:

If you want Bar, Beam and Tube elements to support shear deformations, you must check the
Include Shear Deformation option. Otherwise, shear deformations will be ignored for those

elements.

™ Include Plastic Strains

WeCan includes the ability to optimize the analysis wavefront during the solution. In most

cases, wavefront optimization will significantly reduce your analysistime. If however, you

have already numbered your model with an optimum wavefront, or you are having trouble
with the optimizer, turn the Optimize Wavefront option off.

If you want to do a plane stress analysis with weCan, you should build your model with
plane strain elements, then check the Plane Strain as Plane Stress elements. FEMAP will
automatically write your plane strain elements as weCan plane stress elements.
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Output Requests:

This set of options controls the printed output and postprocessing files. Model Information
and Loads simply echo your input information to the printed output file. The other options
request solution results. If you want to use FEM AP to postprocess your analysis results, you
must leave Results for PostProcessing checked.

Pre-Buckling:

Check this option only if you intend to use the static analysis you are about to perform asthe
input to a buckling analysis.

Independent Loads:

By default, weCan considers multiple load cases as additive onto previous load cases (i.e.
any loads that you apply in the first load case are carried over and added to the second). This
can be useful if you have time dependent loading or additive loading, but it is not very help-
ful if need to analyze multiple independent loading conditions. In this case, check this
option. WeCan will automatically delete all loads at the end of each load case.

Coupled Heat/Stress:
Check this option if you want to read the results of a previous thermal analysis from File 8,
and use them in your current Static Analysis.
Preparing for a Static Analysis
If you aretrandlating for a static analysis, after you choose the model options, FEMAP will
display the standard entity selection dialog box. Here you can select the load sets that you
want to analyze. You may select as many load sets as you want for this analysis.
Preparing for a Dynamic Analysis
If you are trandlating for a modal, buckling, or other dynamic, analysis, you will see the fol-

lowing dialog box:
: _ These options control various types of
Solution Commands for Modal Analysis dynamiC anal yS| S Typl Cal |y’ you W| “ not use
¥ Dynamic DOF Sek | = all of them at the same time. As you choose
Numberof Modes  [13 some options, FEMAP will automatically dis-
~ Modal Salution able others that are not appropriate for that
" Subspace lteration St Yalive I type Of analyss'
' Householder - QL DynamiC DOF Set:

Min Freq May Freq | For any type of reduced dynamic (modal or
response spectrum) analysis, you must use
this option to choose the dynamic, or active
degrees of freedom. First, check the option.
Then choose one of the available sets.

| el || 1o gefinethe dynamic degrees of freedom,
just create a separate Constraint Set, and use
nodal constraintsto select the degrees of freedom. Do not place any constraint equationsin
this Dynamic DOF set. They will be ignored.
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Number of Modes:

Allows you to select the number of dynamic modes that will be calculated during the analy-
sis. If you simply want to count the number of frequencies, set this value to 0, and choose
Subspace Iteration.

Subspace Iteration vs. Householder:

These options allow you to choose the method that will be used for your dynamic analysis.
The choice of which method to use depends upon what type of analysis you are trying to per-
form, and your model. For example, you must choose Householder if you are going to do
Response Spectrum analysis, or if you want to limit modal recovery to a certain frequency
range. Refer to the weCan documentation for more information.

Shift Value:

Allows you to specify afrequency to shift by during eigenvalue extraction. It can be used to
improve convergence or to handle rigid body modes. Thisis only available for the Subspace
Iteration method.

Min and Max Freq:

For the Householder method, you can limit eigenval ue extraction to a specified frequency
range. If you leave Min and Max blank, al frequencieswill be considered, otherwise enter
the range of interest.

Response Spectrum Analysis

The remaining optionsin this dialog box allow you to prepare for a single support response
spectrum analysis. To perform thistype of analysis, you must have chosen the Response

Spectrum analysis type. Thiswill enable the other options. -
=
Accel XYZ: s
Here you must specify the components of the accel eration vector for the response spectrum ‘f
input. =
o
x
(7]

Significant Spectral Criterion:

This number limits the modes which will be combined and printed by the square root of the
sum of the squares (SRSS) rule. Only significant modes where the mode coefficient ratio is
greater than this value are combined.

Spectrum Table:

In addition to the acceleration vector, you must specify the frequency vs. acceleration table

to be applied during the analysis. To do this, you must have created a “vs. Frequency” func-
tion that defined the acceleration values. You can then choose the function from the drop-
down list.

Preparing for Buckling Analysis

Although buckling analysis is not specifically identified in the dialog boxes, it is available.
To do a buckling analysis, follow these steps:

1. Setup and perform a static analysis. This phase identifies the buckling loads and calcu-
lates an initial stress matrix which will be considered during the next phase. During this
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analysis, make certain you turn on the Pre-buckling option, otherwise the necessary files
will not be saved.

2. Trandate again. This time for buckling analysis. In this run, you must choose the Sub-
space Iteration method. Make certain you do not change the model between the steps.

Preparing for a Heat Transfer Analysis

If you are translating for either a steady-state or transient heat transfer analysis, the model
options dialog box is displayed just asit isfor structural analyses. Steady-State heat transfer
requires no additional input other than the selection of one or more load sets. Transient anal-
ysis only uses one load set, where the loads are linked to time-dependent functions. In addi-
tion, another time function must be selected during the translation.

Defining the Transient Time Function

Prior to translating for transient analysis, you must define a time-dependent function which
will control the load/time stepsto be used in the analysis. When you create this function, you
must define afunction data point to represent each of the load steps that you want to analyze.
The X values of these data points are the values of time at that step. The Y values should be
set to the number of iterations that you want to use during this step. If you set Y to apositive
value, loads will be applied as aramp. Set Y to a negative value for step loading. In either
case, the absolute value of Y is the number of iterations.

The time pointsin this transient time control function do not have to correspond in any way
to the pointsin the functions that are used for the loads. FEMAP will automatically interpo-
late the loading functions at the time pointsin the control function based on linear interpola-
tion between the points you specify. The interpolated function value isthen multiplied by the
load value and the loads are written at the time you selected.

Preparing for Nonlinear Analysis

Whenever you include gap elements in your
model, or use temperature dependent materialsin
a steady-state heat transfer analysis, you are per-
° MumberoiSieps [l forming nonlinear analysis. This requires special
control options which are specified in the Itera-
tive Solution Control dialog box.

Iterative Solution Control

Loading Method

" Bamp Loadin

¥ Check Convergence

Tolerance

1]

You can choose to either apply loads as a Step
function, or to apply them gradually as a Ramp.
[ ok | cancel | You must also specify the number of solution
steps to be performed and a tolerance to indicate
that the solution has converged. Steady State
Heat Transfer also requires that you select a Node as a Control for Convergence.

7.2.28 Performing a weCan Analysis
After you have written the weCan file, FEMAP will display the following dialog box:

[Earitrel N ade
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If you are ready to begin the analysis,  zmmg
simply press Yes. FEMAP will auto-
matically start the weCan analysis pro- _ _ _
gl’an] for the mOdeI that yOU Juﬂ Press Yes to automatically stark the analysis of the model that you just translated.
translated. AsweCan begins, another Ne |

window will appear on your screen to

show the progress of your analysis. If there are any errors, you will see them in this window,
and you can also find them in the output files generated by weCan.

0K, ta Begin Salution ?

A few seconds after the analysis has completed, the
Analysis Complete dialog box will appear. If there were
no errors, press Yes, and FEMAP will begin reading the
output. If you press No, you can always read the output
at alater time with the File Import Analysis Results
command.

FEMAP
Analyziz Complete

0K to begin reading output for postprocessing?

How it works

7.2.29 Reading weCan Analysis Results

When you ask FEMAP to run weCan automatically, it must know how to locate the weCan
executable, and must establish the proper environment in memory for the program to begin.
Thisis accomplished with a Windows PIF file, WECAN.PIF, located in the FEMAP direc-

tory.
In general, the default PIF settings should work on your system. If you are having problems,

or would like to experiment with different options, you can examine and change thisfile
with the Windows PIF editor.

If you alow FEMAP to run the weCan analysis, it will automatically read the results so you
can begin postprocessing. Alternatively, you can use the File Import Analysis Results com-
mand to read the file manually. Remember, you must always start with the FEMAP model
that corresponds to the analysis.

FEMAP reads weCan Neutral Results output file, not the printed output file. By defaullt,
FEMAP expects a filename with a “.RES” extension. This file should have been produ
during your analysis if you selected the postprocessing option when you wrote the mod€
analysis.

SUOLVISNYY L

Output for Postprocessing

From the Neutral Results file, FEMAP can read Nodal Displacements and Mode Shapes, anc
Elemental Forces, Stresses, Strains and Temperatures. Each element type produces differe|
types of output. Refer to your weCan documentation for further information regarding the
types of output that are available for the elements that you are using.

In addition to the output found in the weCan output file, FEMAP will compute the displace-
ment magnitudes, or Total Translation and Total Rotation. Likewise for stress output,
FEMAP computes centroidal stresses as the average of the elemental corner stresses whicl
weCan produced. In addition, FEMAP will compute principal, max shear, mean and Von
Mises stresses whenever possible.
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7.3 Geometry Interfaces

FEMAP aso contains interfaces to many CAD packages through different geometry for-
mats. These formatsinclude ACIS Solid Model File Format (*.SAT File), Parasolid Solid
Model Format (*.X_T File), STEP, IGES, VDA, Stereolithography, DXF, VRML and
numerous CAD native formats. Each of these formats is discussed in more detail below.
Some of these interfaces are available in al versions of FEMAR, others are limited to spe-
cific versions. If you have not purchased one of the interfaces, you will be presented with a
warning message to let you know that format is not available.

7.3.1 ACIS Interfaces (*SAT Format)

FEMAP canimport and export ACIS Solid Model geometry viathe ACIS*.SAT file format.
Many popular CAD packages such as AutoCAD are currently ACIS-based. By reading the
ACIS Solid Model File, FEMAP provides a simple method to import solid geometry from
these popular CAD packages. Since FEMAP also incorporates the ACIS solid modeling ker-
nel, it is not necessary to convert modelsthat are in this format - they are read by the same
modeling software that originally created them. This make reading and writing SAT files
very robust.

7.3.1.1 Reading ACIS (SAT) Files

Reading an ACIS Fileisvery straightforward. Simply select the File Import Geometry com-
mand, and choose the appropriate file from the Windows Open File Dialog box. After open-
ing the file, you will see the Solid Model Read Options dialog box.

This dialog box contains three main sections: (1)

Title, (2) Entity Options, and (3) Assembly
Title R Options.
— Entity Options Tltle
Geometry Scale Factor |39. 37
I FEMAP will read the Title of the Solid Model

Layer 1

- : File from the SAT file, and display it. You can
™ ConventoPassoidngine._Ostos._| choose to keep this as the title of the solid, or

[ Convert to B-Spline Surfaces input anaw title

& Default Colors |92— EalEien | Ent[ty OptIOI’IS

™ Single Colar . L L
These option affect the individual entitiesin the
~Assembly Dption model. You can use the Geometry Scale Factor
[ Incremert Layer ¥ Increment Color to change the units of the model. This can be
extremely useful with some geometry packages
ok | Carcel | that default to a standard for output units (such

as meters) even though you may have used other
units to model the part.

You may aso define the layer of the solid model, as well as to use the default colors or usea
single color. If you choose a single color, you can choose this color from the Pal ette.
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Convert to Parasolid Engine (FEMAP Enterprise)

If you have licensed the ACIS-Parasolid conversion option, you will see an option that
allows you to convert the ACIS solid, asit is being read, to the Parasolid geometry kernel.
You will only want to do thisif you want this solid to interact with other Parasolid geometry,
or you want to later use one of the Geometry Export interfaces that requires Parasolid geom-
etry. Normally, leaving the geometry in native ACIS format will be a more robust solution.

If you check this option, you can also specify a
number of conversion options, by pressing the
Camarom Scde Femi Options button. The Conversion Scale Factor sets
ascale factor that is applied to the part during con-

 Clzzrvp i hiede] version. Depending upon your part size, it might

¥ Heal Converted Madel be necessary to modify this value to make sure that
¥ Check Corverted Model the part fitsinside the Parasolid modeling box (+/-
™ Full Checking 500 units), or to achieve a consistent size, with

other geometry. Unlike the geometry scale factor
that is normally applied, this factor actually
changes the dimensions of the underlying geome-
ITI Cancel try (the other is simply afactor used for presenting

— the dimensions to you). Cleanup Input Model can
be used to detect and attempt to cleanup sliver
faces, or other problem geometry during the conversion. Heal Converted Model attempts to
close gaps and correct geometric inaccuraciesif it isturned on. Check Converted Model will
run Parasolid geometry checking on the converted model to attempt to find and report any
remaining problems. If you also turn on Full Checking, checks are also made for any surface
discontinuities or irregularities. These checks take longer and may not be necessary, so this
option is off by default. Delete Invalid Geometry will delete the converted geometry if it
does not pass the checking options. Finally, Output Facesif no Solid will produce
unstitched, free faces even if it is not possible to do afull conversion of the original solid.
Thisalows you to get partial conversion.

™ Delete lrnwalid Geometny
W Output Faces if mo Solid

-
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>
2
(7]
>
=
o
~
(7]

Convert to B-Spline Surfaces

Normally when you read ACIS solids, you will want to retain the original surface defini-
tions, which in many cases will be analytical. Analytical surfaces often provide greatly
increased performance. If for some reason however, you are having trouble working on a
part with analytical surfaces, converting al of them to B-Spline surfaces can sometimes
work around the problem.

Assembly Options
FEMAP aso has the capability to read ACIS Assembly files. You can choose to have each
solid from the assembly on a different layer, as well asadifferent color.

Onceyou select OK, FEMAP will load the ACIS Solid Modeling Engine (if it has not been
previously loaded) and read the file. No other user action is required.
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7.3.1.2 Writing ACIS (SAT) Files

Translate

r— Format
" Parasolid $MT Wersion
= il

FEMAP can also export an ACIS Solid Model File.
Simply select the File Export Geometry command
and you will see the Translate dialog box. Choose
ACIS SAT file and the appropriate version. You
should always use the latest version of ACIS unless
you plan to import the file to a CAD package which

= only supports an earlier version of ACIS. You will

a é;ereolit
£ VEML ACIS 21
 STEP ACIS 2.0
 IGES
ok I Cancel |

\Wte:

then be prompted for the solids to export and the file
name.

The ACIS format option will only be available if you have imported an ACIS Solid CAD
model, or used the ACIS Modeler in FEMAP to create a solid.

7.3.2 Parasolid Interfaces (* X_T Format)

FEMAP can import and export Parasolid Solid Model geometry via the Parasolid transmit
file (*.X_T) format. Many popular CAD packages such as Solid Edge, SolidWorks and Uni-
graphics are Parasolid-based. By reading the Parasolid Solid Model File, FEMAP providesa
simple method to import solid geometry from these popular CAD packages. Since FEMAP
also incorporates the Parasolid solid modeling kernel, it is not necessary to convert models
that arein thisformat - they are read by the same modeling software that originally created
them. This make reading and writing X_T files very robust.

7.3.2.1 Reading Parasolid (X_T) Files

Solid Model Read Options

Title

— Entity Optionz
Geometry Scale Factor

Laner

[ Convert to ACIS Engine

= Default Colors
¢ Single Color

|39.3?‘
|1—
Optiohz.. |

IEI2 Ealette |

—Agzembly Options

™ Increment Layer

W Increment Color

ak.

Cancel |

Reading a Parasolid Fileisidentical to
reading an ACISfile, except you must
choose the Parasolid Transmit (X_T) file.
For more information on the options avail-
able, please see the Reading ACIS Files
section above.

Just the opposite of reading an ACISfile,
here you have the option of converting the
Parasolid File to the ACIS geometry
engine. Just like the ACI S-to-Parasolid
conversion, you will not want to choose
this option unless you want this part to
interact with other parts that already use
the ACIS geometry engine. The conver-
sion optionsthat are available are identical
to those available in the ACIS-to-Para-
solid conversion described previoudly.
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Converting to B-Spline surfacesis not available, nor is it needed, when reading Parasolid
files.

7.3.2.2 Writing Parasolid (X_T) Files

FEMAP can also export a Parasolids Solid Model Fileviathe X_T (Transmit) format. Sim-
ply select the File Export Geometry command and select Parasolid XMT file and the appro-
priate version. You should always use the latest version of Parasolids unless you plan to
import the file to a CAD package which only supports an earlier version. You will then be
prompted for the solids to export and the file name.

\ydte:

7.3.3

The Parasolid format option will only be available if you have imported a Parasolid CAD
model, or used the Parasolid Modeler in FEMAP to create a solid

STEP Interface (*.STP files)

STEP, the Standard for the Exchange of Product Model Data, is a comprehensive | SO stan-
dard (1SO 10303) that describes representation and exchange of product information. Prod-
uct data must contain enough information to cover a product’s entire life cycle, from design
to analysis, manufacture, quality control testing, inspection and product support functions. In
order to do this, STEP covers geometry, topol ogy, tolerances, relationships, attributes,
assemblies, configuration and more.

The FEMAP STEP Interfaces currently focus on geometry and topology transfer. They can
import and export STEP AP203 Solid Entitiesand STEP AP214 Class1, 111, IV, V, and VI
entities. This provides a convenient method of interfacing with CAD packages that are not
ACIS or Parasolid based.

7.3.3.1 Reading STEP (*STP) Files

Reading a STEP fileis procedurally identical to reading an ACIS or Parasolid file, except
you must choose the STEP (*.STP) file. For more information on the options avail able,
please see the Reading ACI S Files section above. FEMAP automatically creates Parasolid
geometry from the datain the STEP file.

S5TEP Read Dptions x|
Title
Entity O ption; Azzembly Optioh
Bieamelry Seale Factor |39'3? [~ Increment Layer W Increment Color
Layer |1—

| Advanced Options... I

& Diefault Colors
= ISZ Ealette
" Single Color _I oK I Cancel |
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Advanced Options are available to control how the trand ations of specific STEP entities are
controlled. You should not modify the default options unless you know what specific STEP
entitiesare used in the file.

—STEP i
[ H ¥ Smooth G1 Discontinuities
¥ Read Faceted Solids [Class ) I™ Explode and Restitch (Clags W)
¥ Fead Sulfaces (Class [v) I Convert o Analtics
V¥ Read wireframe (Class I11]) ¥ Stitch inta Solid [Class 1)
¥ FeadwWisfiame [Clazs 1) I™ Fix Clozed Surface Orientation [Class 1]
¥ Fead Curve Bounded Surfaces [Class 1) I™ Read STEP from ald Pro-E
™ Read Rectangle Surfaces (Class 1) ¥ Check Input
[ Read 2D Curves on Surfaces [Clasz 1) I Check Output
0K I Cancel |

Read Solids ( Class VI ) - Filter for class VI solids. When this option is off class VI solids
are not read, even if they arein the STEP file.

Read Faceted Solids ( ClassV ) - Filter for class V faceted solids. When this option is off,
class V facetted solids are not read, even if they arein the STEP file.

Read Surfaces ( Class |V ) - Filter for class |V surface models. When this option is off,
class IV surfaces are not read, even if they arein the STEP file.

Read Wireframe ( Class 111 ) - Filter for class 11 wireframe, that is, edge based and shell
based wireframe geometry. If this option is off, these entities are not read.

Read Wireframe ( Class |1 ) - Filter for class Il wireframe, that is wireframe without topol-
ogy, or other underlying surfaces. If this option is off, these entities are not read.

Read Curve Bounded Surfaces ( Class|1 ) - Curve bounded surfaces are the most widely
used surfaces for writing class |1 surfaces. This option controls whether they are read from
the STEPfile.

Read Rectangle Surfaces ( Class || ) - Controls whether to read rectangular trimmed sur-
faces. When used at al, these surfaces are typically used for construction geometry, not part
geometry. The default value is therefore off, to not read this geometry.

Read 2D Curveson Surfaces( Class|l ) - If on, theinterface will use 2D trimming curves
(i.e. parametric curves on the surface) when reading surfaces. If off, 3D trimming curves will
be used.

Smooth G1 Discontinuities - This option attempts to eliminate discontinuities in the STEP
geometry which can not be represented in Parasolid. Normally you will want this on to get
the best possible conversion.

Explode and Restitch ( Class V1) - If you are reading solid geometry from the STEP file,
turning on this option will read each surface as an independent face and then use Parasolid to
attempt to stitch back into a solid. Turning this off will attempt to reconstruct the solid purely
from the topology in the STEP file. If your geometry quality/tolerances are not very good,
then turning this option on will usualy give the best resullts.
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Convert to Analytics - This option will attempt to simplify spline geometry from the STEP
file into analytics wherever possible. If successful, the analytics should give better perfor-
mance, but this requires extra processing.

Stitch into Solid ( Class|11) - If thisison, an attempt is made to stitch imported class |1 sur-
facesinto asolid. If off, individual surfaces are created and you can selectively stitch |ater.

Fix Closed Surface Orientation ( Class 11 ) - Thisoption is applicable to closed analytic
surfaces (only sphere and torus) occurring in class |1 trimmed surfaces. It tries to prevent
occurrence of complimentary surfaces in the model.

Read STEP from old Pro/E - Some older versions of Pro/E write angle units as radians, but
use degrees for trimming parameters of circlesin class I1. When this option is on, the angle
units are forced to degreesfor class 1. Do not use this option unless you are having trouble
with a STEP file that was from Pro/E.

Check Input - Enables syntax checking of the STEP file prior to reading
Check Output - Checks the Parasolid entity for validity.

te:

Normally the default settings will provide the best results. If you are experiencing difficul-
ties reading a STEP file, that contains solids, it is sometimes best to turn on the “Explode
and Restitch” option. Likewise with surface models, turning off reading of other types @
geometry can sometimes improve the results.

Supported STEP Entities

Currently the following entities are supported when reading a STEP file. Of course, wh
they are actually read, depends upon the settings that you specify.

Topology

Manifold_Solid_Brep, Closed_Shell, Advanced_Face, Edge_Loop, Oriented_Edge,
Edge_Curve, Vertex

SHOLVISN=Y ]

Geometry
Catesian_Point, Line, Circle, Ellipse, Parabola, Hyperbola, Plane, Cylindrical_Surface,
Conical_Surface, Spherical_Surface, Toroidal_Surface

Spline Curves

Uniform_Curve, Quasi_Uniform_Curve, Bezier_Curve, B_Spline_Curve_With_Knots,
Nurbs, Trimmed_Curve, Surface_Curve, Intersection_Curve, Pcurve,

Spline Surfaces

B_Spline_Surface_With_Knots, Uniform_Surface, Quasi_Uniform_Surface,
Bezier_Surface, Nurbs
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Others

Surface_Of Linear Extrusion, Surface Of Revolution, Curve Bounded_Surface,
Rectangular_Trimmed_Surface, Shell Based Surface Model, Faceted Brep,
Offset_Surface

7.3.3.2 Writing STEP (*.STP) Files

FEMAP can also export aSTEPfile. The STEP file translator converts a Parasolid solid into
a STEP format. Simply select the File Export Geometry command, choose afile, and pick
STEP You will then be prompted for the solids to export and the file name.

\yo'te:

7.3.4

The STEP option, which converts between a Parasolid solid to a STEP format, will only be
available if you have imported a Parasolid CAD model, or used the Parasolid modeling
enginein FEMAP to create a solid.

IGES File Format

IGES stands for Initial Graphics Exchange Specifications. IGES is aneutral file format
defined by ANSI for exchange of CAD data across heterogeneous systems. | GES has been a
very popular way of exchanging data and many systems provide interfaces to exchange
information thru this format. The IGES file supports representation of 3D geometry and
topology information. It also allows representation of drawing information, symbols views
etc. IGES files do not support representation of assembly and features information of mod-
els.

The IGES standard version 4.0 does not support representation of solids. So solids are repre-
sented as trimmed surfaces in IGES files produced having compliance to standard 4.0. But,
later IGES standards (version 5.2 onwards) are enhanced to represent solid information
(called MSBO-Manifold Solid B-Rep Object)

7.3.4.1 Reading IGES Files...

FEMAP actually contains severa levels of IGES read interfaces with capabilities that are
appropriate to the other geometry capabilities of the version of FEMAP that you are using.

| GES Entity Type FEMAP FEM.AP FEMA.P
Basic Professional Enterprise
100 - Arc X X X
102 - Composite Curve X X X
108 - Bounded Plane X X X
110- Line X X X
112 - Parametric Spline X X X
116 - Point X X X
118 - Ruled Surface X X X
120 - Surface of Revolution X X X
122 - Tabulated Cylinder X X X
124 - Transformation X X X
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. FEMAP FEMAP FEMAP
|GESEntity Type Basic Professional Enterprise
126 - Rational B-Spline Curve X X

104 - Conic Arc

128 - B-Spline Surface

142 - Curve on Parametric Surface
144 - Trimmed Surface

106 - Copious Data

123 - Direction

129 - Rational B-Spline Surface
140 - Offset Surface

141 - Bounded Entity

143 - Bounded Surface

186 - MSBO (Solid)

190 - Plane Surface

192 - Right Circular Cylinder
194 - Right Circular Conical Surface
196 - Spherical Surface

198 - Toroida Surface

308 - Subfigure Definition Entity
402 - Associative Instance Entity
408 - Subfigure Instance Entity
502 - Vertex List

504 - Edge List

508 - Loop

510 - Face

514 - Shell

X X X X

X X X X X X X X X X X X X X X X X X X X X X X XX
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Although the Parasolid and ACIS import options are the preferred method of importing
complex solid and surface geometry into FEMARP, the FEMAP IGES interfaces provide a
robust capability to import complex geometry from non-ACIS and non-Parasolid based
CAD packages.

FEMAP Basic can read simple IGES curves and surfaces, but the FEM AP Professional or
Enterprise packages are required to read trimmed surface or solid data. In general, when
working with solid models from CAD systems, or complex surfaces models, one of these
systemswill be required. In these cases, the geometry will be loaded into the Parasolid
geometry engine.
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To read an IGESfile, select the File Import Geometry
command and choose the appropriate file. You will
then see the IGES Read Options dialog box. This dia-
log box is partitioned into three major sections:

IGES Read Dptions
— Entity Opti

I Fead Geomety Only

— Surface Options Entlty Opt|0nS

¥ Read Surfaces These options allow you to read (or omit) colors and
9 [l i Gryes layers from the IGESfile. If you do not read the color
; 20 Trim Burves and layer information from the IGESfile, FEMAP will
2D Trimn Curves . .
assign default values to each entity.

Internal Scale Factar : 39.37

 Processing Option You may also select the Read Geometry Only option to
I Merge Coincident Points simplify the model. This can be a convenient method
Geometic Talerarce | 1ES of removing much of the construction lines and other

non-geometry information that may interfere with the
Alternate. .. | DK I Cancel | V|aN| ng Of the mOdeI

Surface Options

These option provide control over reading of surfaces. In general you will want to read sur-
faces and choose Default Trim Curves. If FEMAP is encountering problems with the trim-
ming, you may want to choose 2-D Trim Curves or 3-D Trim Curves. Each trimmed surface
in the IGES file has both 2-D (curvesin surface space) and 3-D (curvesin 3-D space) trim-
ming curves, as well as a suggestion on which curveto use. If you select Default Trim
Curves, FEMAP will use those suggested by the IGES file. The other options will use all 2-
D Surface or 3-D space curves for trimming. The Trim Curves section is grayed if you
choose not to read surfaces.

The Internal Scale Factor is used to reduce the size of the part in the FEMAP database. The
internal engine of Parasolid requires all positions bein abox of +/- 500. If you have entities
outside of this box, Parasolid cannot perform operations on them. By using an internal scale
factor, you can have FEMAP scale the part internally to prevent the part from extending
beyond this box. The dimensions of the part will remain unchanged to the user since
FEMAP will do al scaling internally. This option allows the input of very large dimensions
for the model, without exceeding the limits of the Parasolid geometry engine.

N\ Hint:
If FEMAP cannot trim some of your surfaces, it may be advantageous to read the IGES file
a second time, selecting Read Geometry Only and desel ecting Read Surfaces. FEMAP will
import the original curves, and you can then use these curvesin FEMAP to modify (or trim)
the surfaces which were not trimmed in the importing process.

Processing Options

When merge Coincident Points is on, FEMAP will eliminate points that are within the “Min-
imum Distance” from each other after the model has been translated. If you leave this option
off, you can still merge the points later with the Tools Check Coincident Points command.
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The default minimum distance is loaded from the IGES file that you are reading, but you

may modify this value.
Alternate IGES Interface

If you are using FEMAP Enterprise, you will see a button titled “Alternate” at the bottom of
the dialog box. You must choose this button if you want to enable reading all of the entity

types listed in the table at the beginning of this section. If you simply press OK, you will

only have access to the entities at the FEMAP Professional level. Please note that these are
two distinct interfaces - if you are having trouble with one of them, it can still be worthwhile

trying the other.
The options available to you in the alter-

nate interface include the ability to read or keGSR LRI B

skip free curves, trimmed or untrimmed
free surfaces and solids. If you are having
trouble reading solid data, you should try
turning off solids, and reading just the
trimmed surfaces.

Just like the standard interface, you have
the ability here to control which trimming
curves to read - default, 2D or 3D. In some
cases, taking the default will not work,
because the curves written to the file will
be incorrect, even though the writing sys-
tem specified them as the default. In this

— Entity Options

¥ Read Unkimmed Free Sufaces

¥ Read Trimmed Free Surfaces
¥ Read Solids

r— Customization Surface Optiong
' None & Diefault Trim Curves
 AutoCal " 2-D Trim Curves

3D Trim Curves

(] I Cancel

case, explicitly picking the other type of
trimming curves will probably work better.

Finally, if you are trying to read an IGES file from some older versions of AutoCAD, yo
should specify the AutoCAD customization. In particular, this option corrects several p

lems that exist in solids written by AutoCAD Release 13.
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7.3.4.2 Writing IGES Files...

7.3.5

If you are using FEMAP
IGES Write Options Enterprise, you will see an
— Expart Az Surface Optiong—————————————— IGES opti on when you
& Solid - MSBO # Both choose File Export Geome-
" Trimmed Surfaces 2D Trim Curves try._When yOU Select that
 \Wirshiams 3D Tim Curves optlpn, you will also see an
Options button. Normally, to
— Cuztomization Surface Ophions write an IGESfile, you will
¥ Mone , , not need to change any of
 ALtCAD [ &palytic Curves as Splines these Options unless you
C IAMAIS [ Analytic Sufaces as Splines want to customize how the
 |DEAS [ Trimmed Surfaces as Bounded Surfaces datawill be written.

Only Parasolid geometry can

be written using the IGES
interface. You can export the
geometry as Solids,

Trimmed Surfaces or Wireframe data. Which of these options you choose depends on the

system where you will be reading the IGESfile. If your system does not support Solid data,

switch the Export As option to trimmed surfaces for best results. Similarly for trimming

curves, if you want to use either 2-D or 3-D curves exclusively, pick one of those surface

options - otherwise both will be written. If you want to write all curves or surfaces as splines

(not lines, arcs, circles...) then check one or both of those surface options. Finally, the

“Trimmed Surfaces as Bounded Surfaces” controls which surface entities are created. If this
option is off, surfaces will be converted to Type 144 - trimmed surfaces. If it is on, they will
be converted to Type 143 - bounded surfaces.

Cancel

If you are trying to send data to a particular CAD system, or using a particular standard, you
may want to choose one of the Customization methods for better results. These flavors will
tend to override other settings that you make for the Surface and Export options.

VDA Interface

VDA stands for a German term "Verband der Automobileindustrie”. VDA is a neutral file
format defined by German association of automobile industries consortium for exchange of
CAD data across heterogeneous systems. VDAFS is very popular way of exchanging data
among the automobile industries and their vendors in Europe, primarily in Germany.

VDAFS file supports representation of 3D geometry and topology information. It does not
support representation of drawing information, symbols views etc. It also does not support
representation of assembly and features information of models.

Version 1.0 of VDAFS standard supports representation of trimmed surfaces without any
topology information. V2.0 of the standard supports representation of topological connec-
tion between the trimmed surfaces. Hence, using version 2.0 standard solids can be repre-
sented.
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7.3.6

¥DA Read Options
— Entity Ophions
;]
[ Read Untrimmed Free Surfaces
V¥ Read Trimmed Free Surfaces
[T Read Solids
— Processing Options
V¥ Heal Geomety
kK I Cancel

The FEMAP VDA Interface supports
the Version 2.0 standard and can read
curve, surface and solid geometry from
VDA files.

When you select a VDA file, you will

see the VDA Read Options dialog box.
Here you can select the types of geome-

try that you want to read (or skip). The
term “Free” refers to curves and sur-
faces that are not part of other geometry
- like solids.

If you select “Heal Geometry”, an
attempt will be made to remove any
discontinuities in the geometry as it is

being converted to Parasolid. This will close gaps between surfaces.

Supported VDA Entities

Currently the following entities are supported when reading a VDA file. Of course, whether
they are actually read, depends upon the settings that you specify.

Geometry

Circle/Circular Arc[CIRCLE]
Curve [CURVE]

Surface [SURF]

Bounded Surface[FACE]
Curve on Surface[CONS]
Topology [TOP]

DXF Interfaces

FEMAP can also import geometry (points, curves...) from most popular CAD systems
DXF formatted file. Although the DXF format originated in AutoCAD, most CAD syste
can export data in this format. FEMAP cannot currently export a DXF file.
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Reading the File

_ Choosethe File Import Geometry command and select
el the desired DXF file.You will then see the DXF Read

[ Options dialog box. The entity options allow you to
[ fead [ selectively read, or skip, certain entities that are in the
[ Read 3Dfaces as Elements )
™ Read Polygon Meshes as Elements DX F fl I €.
¥ Fead Blocked Entity Peferences
¥ Fead Trace Boundaries Read TeXt . ) .
IV Create Trace Centerlines If you turn this option on, any text or notesthat arein
V' Read Colors and Layers your DXF file will be read and converted to text in

Fist Laper Mumber [ your FEMAP model.

r reeesslig Ol Read 3Dfaces as Elements

DEESE o 3Dfaces are used to represent triangular or quadrilat-
e E eral polygons. If you turn this option on, FEMAP will

x| Corcel | read the faces and convert them to plate elements. If
the option is off, FEMAP simply creates the lines that
define the edges of the face.

Read Polygon Meshes as Elements

Thisissimilar to the previous option except it applies to polygon/polyface meshesthat arein
thefile.

Read Blocked Entity References

If your DXF file contains blocked entities, FEMAP will only read them if thisoptionis on.
Normally, you will want to read the entire model so leave this option on. If you want to skip
blocked entities however, you can turn this off. You can then control what will be read by
selectively exploding block references before you create the DXF file.

FEMAP cannot read arrays of inserted blocks. In this case you will have to explode at |east
those references. Similarly, blocks that are inserted with different scale factorsin different
directions cannot be read. If possible, you can try exploding them (AutoCAD cannot explode
this type of block reference).

Read Trace Boundaries

Traces are lines that have awidth defined, and therefore are represented by a rectangular
boundary. If you turn this option on, four lines are created to represent the edges of the trace.
If you turn it off, you can still get the centerline of the trace with the next option.

Create Trace Centerlines
If you turn this option on, lines are created to represent the centerlines of al traces.

Read Colors and Layers

If you want FEM AP to assign colors and layers to the geometry and text that it reads based

on the information in the DXF file, turn this option on. When it is off, colors and layers will

be assigned using FEMAP’s defaults. Since DXF layers can have any nhame, and FEMAP
layers are purely numbers, FEMAP will create a unique number for each unigue layer name.
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The first layer name will be assigned to the layer number that you choose in the “First Layer

Number” option.

Merge Coincident Points

When FEMAP reads geometry from your file, each curve will have unique endpoints, even
if they are coincident with the end of another curve. To use the geometry in FEMAP, you
will probably want to join curves that have coincident ends to the same point. If you turn on
this option, FEMAP will do this for you. In addition, you can define the “Maximum Dis-
tance” that points can be apart and still be considered as coincident.

Supported DXF Entities
The following entities are supported by the DXF Read Translator:
Entity Group Codes Description

POINT 6 Linetype
8 Layer
10,20,30 Point
38 Elevation
62 Color
210,220,230 Extrusion Direction

LINE 6 Linetype
8 Layer
10,20,30 Start Point
11,21,31 End Point
38 Thickness =
62 Color s
210,220,230 | Extrusion Direction B
Lines are always translated to FEMAP lines. If a thic 3
ness is specified, a single DXF line creates 4 FEMAR 8
lines which represent the original “thick” line. @

CIRCLE 6 Linetype
8 Layer
10,20,30 Center Point
40 Radius
38 Elevation
62 Color
210,220,230 Extrusion Direction

Circles translate to FEMAP circles. Additional points

are created as required to define the FEMAP circle.
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Entity Group Codes Description
ARC 6 Linetype
8 Layer
10,20,30 Center Point
40 Radius
50 Start Angle
51 End Angle
38 Elevation
62 Color
210,220,230 Extrusion Direction
Arcstranslate to FEMAP arcs. Additional points are
created as required to define the FEMAP arc.
TRACE 6 Linetype
8 Layer
10,20,30 Corner Points
11,21,31
12,22,32
13,23,33
38 Elevation
62 Color
210,220,230 Extrusion Direction
Traces are read as FEMAP lines. Options are available
to create the outline and/or the centerline of the trace,
as specified by the four corners.
TEXT 1 Text Value
6 Linetype
8 Layer
10,20,30 Insertion Points
38 Elevation
62 Color
72,73 Horizontal and Vertical Justification
210,220,230 Extrusion Direction
Text can be read as FEMAP text entities. It isusually
best to skip text however, since font and orientation
information can not be translated.
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Entity Group Codes Description
SOLID 6 Linetype
8 Layer
10,20,30 Corner Points
11,21,31
12,22,32
13,23,33
38 Elevation
62 Color
210,220,230 Extrusion Direction
Solids are read just like 3DFACEs.
3DFACE 6 Linetype
8 Layer
10,20,30 Corner Points
11,21,31
12,22,32
13,23,33
38 Elevation
62 Color
210,220,230 Extrusion Direction
3DFACES can either be trandlated to lines which
define the outline of the face, or directly to Plate ele-
ments.
POLYLINE |6 Linetype
8 Layer
38 Elevation
62 Color
70 Polyline Flag
71,72 Polygon Mesh M and N Vertex
Counts
73, 74 Smooth Surface M and N Densities
75 Smooth Surface Type

210,220,230

Extrusion Direction
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Entity Group Codes Description
POLYLINE |8 Layer
VERTICES |10,20,30 Point
38 Elevation
62 Color
70 Vertex Flag
71,72,73,74 Vertex Indices for Polyface Mesh

DXF Polylines represent a variety of curve and surface
types. FEMAP converts all polylines which represent
curves to a series of line segments (either lines or plot-
only elements). FEMAP converts polygon and poly
face meshes into lines or plate elements (depending on
your selection for the “Read Polygon Meshes as Ele-
ments” option). FEMAP does not create spline curyes,
or surfaces from polylines.

In addition to the above entities, the LAY ER tableisread if it is present. This enables
FEMAP to translate from the DXF layer names into FEMAP layer numbers and supports
reading the Group Code 8 blocks defined above.

Exploding DXF Blocked Entities

Other than the LAY ER table, FEMAP only readsthe ENTITIES section of the DXF file. The
BLOCKS section is skipped. If you have blocked data, you should use the EXPLODE com-
mand prior to writing the DXF file for FEMAP. If you read a DXF file, and portions of the
geometry are missing, go back to AutoCAD, EXPLODE that portion of your model, and
write a new DXF file. You may have to use EXPLODE several timesif you have nested
BLOCKS (if you have a solid model in AutoCAD you will have to use EXPLODE at least
twice to obtain the points and curves). You can also use this process in reverse. If there are
portions of your model that you want to ignore as you translate to FEMAP, simply BLOCK
them before you write the DXF file.

DXF Paper Space and Viewports

7.3.7

FEMAP does not support AutoCAD Paper Space, but will read all entitiesasif they were

defined in model space. If you have “Paper Space” geometry, it will probably be positioned
incorrectly relative to your model. In general, Paper Space geometry should not be included
in the DXF file since it is usually not part of the defining model geometry. Likewise,

FEMAP ignores Viewport information since it is trying to transfer the model rather than the
correct “drawing”.

CATIA Interface

A CATIA model typically contains following categories of data:

O Geometry Elements (SPACE / DRAW)

O Standard / User defined Attributes (Like color, layer, Show, Pick)

O Header Information (User comments, Version number, Date, Author etc.)
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O Modd Information (Unit, Scale, Tolerance etc.)

A Model fileisthe native CATIA file format containing basic geometry. The file extension
is*.model (or *.mdl). The*.model file may contain either single or multiple solids, with or
without a combination of space and/or draw entities.

The geometry datain CATIA ismainly classified into DRAW elements and SPACE ele-
ments. DRAW elements are 2D elements created for generating drawings, while SPACE ele-
ments are in 3D space created for generating the 3D model. The FEMAP CATIA Interface
supports translation of SPACE geometry for CATIA versions 4.1.x to 4.2.0. It does not
include support for assembly and parametric information present in the CATIA file. Simi-
larly the attributes are system specific and hence they are not supported. The interfaceis
independent of the CATIA system license - a CATIA licenseis not required for trandation.

Thefile format of CATIA V5.0 isvastly different from its predecessors, and is not currently
supported.

About CATIA Export Files

A Export fileisthe native CATIA file generated by the CATEXP utility. Thefile extensionis
usually *.exp, or *.dlv. Export files can contain project files, modd files, library files, etc..
These files are mainly used to transfer CATIA type files form one site to other. The export
file may contain either single or multiple Modél files. The FEMAP interface extracts only
model information from such files and converts it to Parasolid.

CATIA Entity Supported CATIA Entity Supported

SPACE elements

Point No Mono-Parametric Constraints No |
Line Yes Bi-Parametric Constraints No §
Circle Yes Coating Constraint No 5
Ellipse Yes Net No ;
Parabola Yes Piping connector No 3
Hyperbola Yes Connector Occurrence No ~
Polynomial Curve Yes Pipe No @
Bspline Polynomial Curve Yes Piping Line No

NURBS Curve Yes Network No

Composite Curve Yes Ditto Yes

Cloud of points No User Geometric Element No

Plane Yes UNSPEC Geometric Element No

Polynomial Surface Yes Angle Law No

Bspline Polynomial Surface Yes Radius Law No

Polyhedral Surface No Parameter Law No

NURBS Surface Yes ArealLaw No

Edge Yes Graphics Primitive No

Face Yes Temporary Vector No

Volume Yes Temporary Text No

Polyhedral Solid No Light Source No

Exact Solid Yes Space Structure No

3 Axis system Yes 3D Box No

Transformation Yes Block of finite elements No
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CATIA Entity Supported CATIA Entity Supported
Skin Yes Family of finite elements No
MODEL Information
Unit No Tolerance No
Scale No
HEADER Information
\ersion Yes Date Yes
User Yes
STANDARD Attributes
Color No Point Type No
Layer Yes Line Thickness No
Show/No Show Yes Pick/No Pick Yes
Line Type No

7.3.7.1 Reading CATIA Files...

7.3.8

To import a CATIA file, simply choose File Import Geometry and choose the appropriate
filename. If your file has a different filename extension than the defaults(.MDL, .MODEL,
.EXPor .DLV), drop down the File Type list and choose CATIA (rather than All Geometry),
then specify the complete filename - this will allow FEMAP to recognize that you are read-
ing a CATIA model.

There are no additional options to specify for thisinterface. It simply reads the CATIA file
and loads it into FEMAP. If you are having trouble with reading a CATIA model file, pro-
ducing and reading an Export file (using the CATEXP program in CATIA) and reading that
file can sometimes help.

If you open the CATIA Import window while the interface is running, you will often see

many messages being displayed. You should not be alarmed by this, it does not necessarily

indicate that there are any problems that can not be converted. In particular, you may seethe
message “surface discontinuity pruned”. This indicates that the interface has found some
discontinuity in the CATIA surface definition that can not be represented in Parasolid. In
many cases, this comes from mathematical discontinuities that occur outside of the actual
region of the surface that is inside the trimming curves. The interface simply trims off this
portion of the surface that is not used anyway and the translation proceeds successfully.
Likewise, you might see messages that say “PK_ERROR_mild". These normally indicate
that some function in the Parasolid conversion is finding some problems with the geometry,
but they can usually be recovered. If you see, “surface geom check failed”, “surface not cre-
ated”, “PK_ERROR_serious”, “PK_ERROR_fatal” or some other such message, it indicates
that a more significant error has occurred on one or more surfaces and that the geometry may
not be completely translated. Even if you do get one or more of these messages, the interface
will still attempt to translate as much geometry as it can.

I-DEAS Geometry Interface

FEMAP can import I-DEAS Master Modeler geometry via the Interoperability Data Inter-
face (IDI) file format that was added in I-DEAS 8. By reading the IDI file, FEMAP provides
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asimple method to import solid geometry from [-DEAS. FEMAP can read |-DEAS parts;
assemblies are not currently supported.

Writing an IDI file from I-DEAS

To write I-DEAS geometry to an IDI file, follow these steps:

1. Before starting I-DEAS, add the following entry to your |-DEAS parameter file:
MM Export. Ca. | nMenuSw. 1

2. Start I-DEAS and get part onto the workbench.

3. Pick File, Export.

4. Pick the part to be exported.

Note: although you can also pick assemblies, FEMAP does not support assembliesin IDI
files.

5. Onthe |-DEASto'IDI’ Trandator form, enter afile name and then pick Export
6. Take the defaults for the first two menus.

7. On the third menu, set Precise B-Rep to ON.

8. Take defaults for all remaining prompts.

Reading an IDI file into FEMAP

7.3.9

Reading an IDI fileis very straightforward. Simply select the File Import Geometry com-
mand, choose the appropriate file from the Windows Open File Dialog box, and the file will
be read. The geometry will be unstitched - use the Geometry Solid Stitch command to create
solid geometry.

The geometry created in FEMAP will use the same units that were active in I-DEAS when
the IDI file was written.

Pro/ENGINEER Interface

Pro/E model datais stored in .prt files. There are two types of .prt files; uncompressed and
compressed files.

The FEMAP PRO/E translator supports reading of solid, surface and wire-frame entitiesinto
FEMAP Parasolid geometry. The interface is completely independent of Pro/E - you do not
need a copy of, or alicense for Pro/E on your system to be able to read the part files.

The trand ator supportsfiles of Pro/E versions 16 to 20. Pro/E .prt files can be output in com-
pressed or uncompressed formats. Currently only uncompressed files can be supported by
thisinterface. If you normally save your filesin compressed format, you will have to change
your settings to output an uncompressed file for conversion to FEMAP. Files from Pro/E
2000i, and other versions of Pro/E, arein different formats, and are likewise not currently
supported by this interface.

Theinterface supports all geometric and topological entities available in the Pro/E files. It
does not include support for Assembly and Parametric information present in the Pro/E file.
Similarly the attributes are system specific and hence they will not be supported.
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7.3.9.1 Reading Pro/E Files...

To import a Pro/E file, simply choose File Import Geometry and choose the appropriate file-

name. Since Unigraphics also uses the .PRT extension, when you have the File Type set to

“All Geometry”, FEMAP attempts to automatically distinguish and choose the right inter-
face to read the file that you select. If it can not determine the type automatically, it will ask
you to choose which interface you want. If you are having problems with this, simply open
the File Type list and directly choose the Pro/E interface.

There are no additional options to specify for this interface. It simply reads the Pro/E file and
loads it into FEMAP.

te:

If you are having trouble importing a model with the direct Pro/E interface, or if it is a prob-
lem to produce an uncompressed model file, try using the IGES interface. The IGES files
written by Pro/E work very well with the IGES interfaces in FEMAP.

7.3.10 Solid Edge Interface

The FEMAP Solid Edge interface works much like the other direct CAD interfaces. You
simply select the file that you want and it will be loaded into FEMAP as Parasolid geometry.
There are no options to specify, nor other choices to make. Unlike some of the other direct
interfaces however, this interface is does not really require any geometry conversion. Solid
Edge also uses Parasolid as its geometry engine. This interface merely extracts the existing
Parasolid geometry from the Solid Edge file and loads it, just like loading a native Parasolid
(X_T) file. This makes the conversion very robust.

The Solid Edge interface can read part (.PAR) and sheet metal (.PSM) files. It does not cur-
rently support assembly files. Likewise, it only transfers the current geometry. Feature and
other attribute information is not supported.

te:

As an alternative to directly reading the Solid Edge part file, you can use Solid Edge to
export a Parasolid (X_T) file which FEMAP can read. In Solid Edge, you will typically use
the File Save As command, set the File Type to Parasolid and write your part.

7.3.11 Unigraphics Interface

UG ("Unigraphics") is a high end integrated CAD/CAM software from Unigraphics Solu-
tions Inc. Unigraphics is based on Parasolid geometry kernel. As such, the FEMAP Uni-
graphics interface simply extracts the existing Parasolid geometry out of the file and loads it
into FEMAP. No conversion is required because both systems are using the same geometry
engine.

The translator currently supports files from Unigraphics versions 11 to 15.
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To import aUnigraphicsfile, simply choose File Import
Geometry and choose the appropriate filename. Since Unigraphics Read Oplions
Pro/E also uses the .PRT extension, when you have the Processing Options
File Type set to “All Geometry”, FEMAP attempts to

automatically distinguish and choose the right interfac
to read the file that you select. If it can not determine tk
type automatically, it will ask you to specify the type. If
you are having problems with this, simply open the Fil ok | concel
Type list and directly choose the Unigraphics interface-

When you choose the file to read, you will see an additional dialog box which provides two
options. Normally only unblanked, visible geometry is loaded from the file. If you check
these options, you can read parts that are blanked, or that have been placed on layers that a
currently not visible. Unigraphics models can be stored in a compressed or uncompressed
format. If your file is in compressed form, then the interface can only read all geometry no
matter how you specify the options. In this case, you will have to use the FEMAP tools to
delete the parts that you do not want.

7.3.12 Stereolithography Interface

In addition to traditional CAD data, FEMAP can also read files that were generated for Ste-
reoLithography production. These files are usually text files, but can be binary as well.

FEMAP can read all text versions, and binary files if they were generated on a PC. The fac-
ets in the StereoLithography file are converted to triangular surface elements during the

translation.

When you select the File Import : -
Geometry command and select a Ste §
reolithography file, you will see the e _ ok z
Read Stereo Lithography dialog box. 7 SkpShonEdges  MinLength |10 5
In addition to just translating the tri- L BT P
angular facets however, FEMAP can | ¥ CeseGass ]

automatically merge all coincident
points and split any facets that are
necessary to eliminate free edges in the mesh. The options on this dialog box control
ing, definition of short edges, as well as closing of gaps. This results in a valid finite element
mesh, although typically with very bad aspect ratio elements. The facets can be remeshed
with the Mesh Remesh Commands.

Writing Stereolithography Files

FEMAP can also write Stereolithography files as well. FEMAP will ask you to select the
elements to be translated. You will usually want to pick Plane Element types for this com-
mand. If you have Quadrilateral Plane Elements, FEMAP will still write the triangular facets
by first splitting these Quads. This splitting procedure does not modify the elements them-
selves. FEMAP simply writes the triangular results to the STL file. If you choose Solid Ele-
ments, FEMAP will write each face as a triangular facet, splitting quadrilateral faces when
required. Any Line Elements that are chosen in this procedure are simply ignored.
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7.3.13 VRML Interfaces
FEMAP aso provides export of VRML

VRML Export format for solid models as well as
~ Export - Colar meshes. When you select File Export
& S &+ Model Colors Geomt_atry, simply select VRML formgt.
; Mh " Single Color IYoubW|II ;T]en seethe VRML Export dia-
&% i og box. There are two major sections to
I¥| Deformed — ﬂl this dialog box: Export and Color.
™| Cortour ¥ Background
[e2 Paet= || EXport
This section controls what is exported.

0K Cancel | You may either export the Solid Model
or the Mesh. If you decide to export the
Mesh, you can also choose to export the Deformed and Contour information as well so you
may have a Deformed Contour VRML file.

Color
You may export the information using Model Colors or a Single Color. You can select a Sin-
gle Color from the Palette. You may also define the Background color in asimilar manner.

7.3.14 Using FEMAP with SolidWorks

Even thought FEM AP does not have a direct SolidWorks interface, you can very easily
transfer geometry from SolidWorks into FEMAP. Both systems use the Parasolid geometry
engine, so whileyou are in SolidWorks, simply go to the File Save As command, change the
File Typeto Parasolid (X_T), and save your part. In FEMARP, you will be able to load this
geometry directly with the Parasolid interface.
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This chapter contains information on customizing FEMAP. There are four basic sections to
this chapter. Thefirst section of this chapter describes the use of shorteut keysin FEMAP. You
can define any letter (capital or small) as a FEMAP function. This option enables you to
quickly access your most commonly used commands from your keyboard.

The second section describes the FEM AP Scripting Language. You can use this scripting lan-
guage to obtain access directly to the FEMAP database. The scripting language is currently
most useful for manipulating and importing/exporting output results.

The third section of this chapter describes functions for the FEM AP Programming L anguage.
You can build macros with the programming language. This language essentially works on a
Windows level, and mimics keyboard input. Since it does mimic keyboard input and does not
directly affect the FEMAP database, it tends to be somewhat slower and more easily broken
than the Scripting Language. The Programming Language, however, is more versatile than the
scripting language because it provides access to all FEMAP commands.

The last section of this chapter describes creating your own toolboxes. Since the Toolbox is
programmable, it provides the capability for the user to truly customize commandsin
FEMAP.

A description of each of these customizable options is provided below.

8.1 FEMAP Shortcut Keys

FEMAP has both certain keys defined as commands for quick implementation as well as pro-
viding you the capability to define your own shortcut keys. Commands which can be accessed
through standard shortcut keys have the shortcut key listed next to their name. Some of the
most commonly used shortcut keysinclude F5 for View Select, F6 for View Options, and
Ctrl+Q for View Quick Options. These shortcut keys enable you to access these commands
without going through the menu substructure. A list of the standard shortcut keys are provided
in Appendix A.

In addition to the standard shortcut keys, FEMAP also alows you to define your own shortcut
keys. Any letter of the al phabet may be defined as a command. It is also case sensitive so you
may define up to 52 commands for the 26 capital and 26 small letters of the al phabet. You can
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define these keys through File Preferences Shortcut Keys. When you select this command,
FEMAP will display the Shortcut Key Definition dialog box.
Shortcut Key Definition

Menu hortcut Keys

5
File -» Mew i’ a .. -
File -» Open b ..

=
File -» Save Az d ..

[

f

g

h

i

|

k

|

File -» Save

File -» Timed Save

File -> Import -» Geomety

File -» Import -» Analysis Model
Filz -» Import -» Analyzis Besults
Filz -» Import -» FEMAP Meutral
File -» Ewport -» Gearmnetry

File -» Export -» Analyzsis Model

File: -> Expart -» FEMAP Meutral =l
File -» Analyze

File -> Motes

File -» Page Setup il | [IElEte |
File -» Prirt

File -» Printer Setup |
File -> Picture -» Copy LI e

Different commands can be chosen for both capital and small letters, thereby enabling you to
define up to 52 different commands on these keys. The Add command allows you to define a
key as a command, while Delete will remove the command definition from the chosen key.

By defining shortcut keys for your most used commands, you can save time moving through
the FEM AP menu structure. Shortcut Keys are only available from the FEMAP menu level.
If you are already in another command or dialog box, pressing these keys will not have the

desired effect. In most casesit will simply result in typing the | etter that you pressed.

You may also save these values by saying Yes to Permanent when you exit Preferences, or
you may simply change them for the active session.

Below isalist of hints for using the Shortcut Key Definition dialog box.

O You can quickly assign commands to keys by clicking on the appropriate letter in the
Shortcut Key list and then double-clicking in the Menu list.

O You can quickly delete shortcut key assignments by double clicking in the Shortcut Key
list.

O These Shortcut Keys are not eliminated by the Reset ALL option.

8.2 Scripting Language

The FEMAP BASIC Script Language provides direct access to the FEMAP Database
Engine through the BASIC Interpreter built into FEMAP.
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8.2.1

8.2.2

The Mechanism

The FEMAP BASIC Script Language is based on Cypress Enable BASIC Scripting for
Applications. Cypress Enable provides a complete array of BASIC programming functional-

ity. Wherever possible, Cypress Enable’s implementation of BASIC follows the Microsoft
Visual Basic syntax and semantics. The Cypress Enable portion of the BASIC Scripting
Language handles all flow of control, subroutines, and functions created in your script.
Enterprise Software has added FEMAP specific commands available to your BASIC pro-
gram that make the customization of FEMAP possible. The FEMAP toolbox has also been
extended to include the capability to launch and run BASIC scripts from your own user-
defined toolbox buttons.

Details regarding the general elements of the Cypress Enable BASIC Scripting Language are
included in a word file titled lang_ref.doc, which is installed in the same directory as you
installed FEMAP. This section covers variables, constants, control structures, subroutines
and functions, file input/output, arrays, dialog support, etc. that will help you craft your
BASIC Scripts.

Details regarding the FEMAP specific functions, data types and constants are included in a
word file titled lang_ref.doc, which is installed in the same directory as you installed
FEMAP.

Creating and Executing BASIC Scripts

For information on the specifics of the FEMAP BASIC Scripting language, including a list
of functions and their descriptions, please see the api_ref document installed in the smae
directory as the executable. If you are on a PC platform, this file will be an MS Word docu-
ment (api_ref.doc).

8.3 Program Files

8.3.1

In their simplest form, FEMAP program files provide an alternative to manually typing data
from the keyboard. They are much more powerful than that however. You can add logic
commands, define and manipulate variables, stop and prompt a user for input, or send mes:
sages to the screen.

Program files take some effort to create, but they can save a lot of time by eliminating
itive tasks. By coupling them to the toolbox, you can customize FEMAP for your own n

Program File Format

Program files can be created with any ASCII text editor or word processor. There are
basic types of data that you will place in a program file. The first is keystroke informati
that mimics what you would type from the keyboard if you were performing the operat
manually. When you run a program file, this text essentially "pushes the keys" for you
FEMAP commands. You may also want to add other program file commands. These d
mands do not execute FEMAP commands, rather they are commands themselves whi
trol the flow of the program file, work with variables, print messages, or ask for input.

~MQiLVZINCLSND
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8.3.2 Program File Keystrokes

You can use a program file to mimic most of the keystrokes on your keyboard. This allows
you to execute FEMAP commands and fill in dialog boxes automatically, just asif you had
typed the input. The program file syntax provides several aternatives to reproduce various
keystrokes.

Normal Keystrokes

can type the characters directly into the program file. As FEM AP reads the file, those key-
strokes will be executed. Some characters need special treatment if you want to include them
in atext string. These include, #, < and {. FEMAP normally uses these characters as delimit-
ersin aprogram file. To enter them simply as text, you must precede them with a backslash
(\). For example, you should enter "50\# Pressure”, not "50# Pressure”. Similarly, if you
want to include a backslash (like in afile path name), you must precede it with a backslash
also. For example, "c:\FEM AP3\\myfile.mod".

Special Keystrokes

For other keystrokes like function keys and multiple key combinations (like Alt-A), program
files use adightly different approach. The syntax is as follows:

<[A-][C-][S]key_name>

where:
A- means to simultaneously press the Alt key.
C- means to simultaneously press the Ctrl key.
S means to simultaneously press the Shift key.
keyname is either asingle character that was one of the
normal keystrokes described above, or the name
of aspecial key.

A-, C-, and S- are obviously optional. Do not include them if you do not want a combination
keystroke. Here are some examples:

<A-C> press Alt-C

<C-B> press Ctrl-B

<F7> press F7 key
<LEFT> press left arrow key

<C-LEFT> press Ctrl-left arrow key
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Program File Keystrokes

The specia keynames are defined in

the following table, along with their keys.

Program File Key Program File Key
<F1> F1 <Ins> Insert
<F12> F12
<Left> Left Arrow <Del> Delete
<Right> Right Arrow <Home> Home
<Up> Up Arrow <End> End
<Down> Down Arrow | <Esc> Escape
<TAB> Tab <CR> Carriage Return
<BkSp> Backspace <Enter>
<Prt> Print Screen <Return>
<PgUp> Page Up <Space> Space Bar
<PgDn> Page Down <Sp>

There are also other specia keynames which do not really match a key, but which you will
find very useful when you are writing program files. They are:

Other Special Program File Keystrokes

Program File

Key

<PUSH>

Space Bar, but makes sure that you are "pushing” a
button.

<ON>

Turns current button on, error if not on a button.

<OFF>

Turns current button off, error if not on a button.

<QOK>

Pushes the dialog box OK button, actually just presses
Alt-O

<USER>

Pauses the program file so a user can manually com-
plete the next dialog box. If the user cancelsthe dialog
box, the program file will be aborted a so. If the user
completes the dialog box, and presses OK, the pro-
gram file will resume.

Speci

al Keystrokesin Recorded Program Files

<@...>

Jump directly to a specified control/field. The ... is
actually replaced by anumber representing the control
ID to jump into. While you could use this technique
yourself, thereis no easy way to find the control ID. It
istypically easier to use <TAB> or <A-letter> combi-
nations.

<~>

Selects an item from alistbox or combobox. The ... is
replaced by a number representing the index of the
item to be selected in thelist. To select thefirst itemin
alist use <~0>. Use <~1> for the second, and so on.

(2}
c
(7]
1
o
=
N
>
=
(=)
2




8'6 Customization

Menu Keystrokes

8.3.3

In addition to these keystrokes, program files provide an additional shortcut syntax for
accessing the FEMAP menus. You should always use this shortcut method because in addi-
tion to being simpler, it does additional checking to be certain your program is not in a com-
mand while you are trying to access the menu. In addition, it will be easier to distinguish
them from dialog box data when you look at your program file.

To use this shortcut, you simply enclose the FEM AP menu command in braces. For exam-
ple
{CN}
would access the Create Node command. In the normal keystroke syntax, thiswould require:
<A-C>N

You can enter as many characters as necessary between the braces to execute the command.
Currently thisistwo or three, depending on the command.

Program File Commands

Program file commands provide additional capabilities. They do not mimic keystrokes, but
rather perform some function. All program file commands have a similar syntax:

#command( arguments... )

The following paragraphs define each of the commands. The commands are presented in
alphabetical order.

#ASK( )

Syntax:

#A SK ( variable_name, "question_title" )
where:
variable_name

isany valid FEMAP variable name. The variable does not have to exist already. Do
not specify the! or @ delimiters for this command, just the variable name.

"question_title"

isthetitle that will be displayed in the dialog box when the user is asked to define
thevariable. Thetitle should tell the user what is being defined. The length isreally
limited by the size of the dialog box. You must always enclose thistitle in quotes.

This command is used to prompt a user for numeric input. It temporarily pauses the program
file and displays a dialog box. You must specify the name of the variable which will be
defined, and the title that will be used to tell the user what to do.

If you specify the name of an existing variable, the dialog box will contain its current value
when it is displayed. If the user presses OK, the variable will be defined and the program
will proceed. If the user presses Cancel, the program file will stop.
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#BEEP( )
Syntax:
#BEEP()
This command simply sounds a beep and continues. There are no arguments.
#DEF( )
Syntax:
#DEF( variable_name, expression )
where:

variable name

isany vaid FEMAP variable name. The variable does not have to exist aready. Do
not specify the! or @ delimiters for this parameter, just the variable name.

expression

isanumeric value, other variable, or FEMAP equation which can contain the
FEMAP functions described in Appendix C. Any variables must contain the! or @
delimeters since this parameter is an equation, just like any other that you write for
FEMAP.

This command defines variables under program file control. You can use it to write equa-
tions simply by setting variable_name to the name of the variable that you want to receive
the result of the equation. Then define “expression” as the equation.

For example,
#DEF(radius,'radius+0.5)

will add 0.5 to the current value of the variable "radius". Or
#DEF(diameter,'radius*2)

will define "diameter" as twice the value of "radius"

As an alternative to using #DEF( ), you can use the FEMAP Create Variable command. That
approach however, will make your program files larger and they will run more slowly.

#DELAY() o
Syntax: o

-]

#DELAY( number ) g

where: §

-

number °

2

is the number of milliseconds between simulated keystrokes or commands as
program is running. Smaller numbers make the program run faster, larger nu
make it run slower. The default value if you do not use the #DELAY( ) command IS
25.
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#DELAY () isused to control the speed of a program file asit replays. If you are debugging
aprogram file, add a#DELAY () with alarge value, so that the program runs slower. Multi-
ple #DELAY () commands, with different values can be used to make some sections run
quickly and others run slowly.

#ECHO( ), #ECHOE( ) and #ECHOH( )
Syntax:
H#ECHO( "string" )
#ECHOE( "string" )
#ECHOH( "string" )
where:
"string"

isthe text to echo to the Messages and Lists Window. You must always encloseitin
quotes.

Each of these commands simply writes the quoted argument to a new line in the Messages
and Lists Window. The only difference between them is the color of the string. #ECHO( )
writes the string as normal text, usually black. #ECHOE( ) writes the string as error text,
usualy red. #ECHOH( ) writes the string as highlighted text, usually blue. The actual colors
depend on the user’s File Preferences settings.

#ECHOV/( ), #ECHOVE( ) and #ECHOVH( )
Syntax:

#ECHOV ( variable_name, "string" )
H#ECHOVE( variable_name, "string" )
#ECHOVH( variable_name, "string" )

where:
variable name

isany valid FEMAP variable name. The variable does not have to exist already. Do
not specify the! or @ delimiters for this command, just the variable name.

||$ringu

isthe text to echo to the Messages and Lists Window. You must always encloseit in
quotes. It is actually a C- language format string. It should contain aformat identi-
fier for the variable. Since al variables are double precision real numbers, the for-

mat must be included appropriately.

These commands are similar to the #ECHO( ), #ECHOE( ) and #ECHOH(') commands,
except that they use the string argument as aformat to write avariable. It isup to you to

properly specify the format string. If you do not, it can cause problems for Windows and
FEMAP.

The following examples illustrate some proper commands:
#ECHOV ( radius, "Theradiusis %g." )
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#ECHOV(a "A = %12.5f")
#ECHOV ( nodecount, "We have %g Nodes." )

You must always have one (and only one) format code in the string. It must be avalid C-lan-
guage format code, with the following syntax:

%[width].[precision]prefix

where
width
isthe number of characters to be written
precision
is the number of significant digits
prefix
iseither "f" (floating point), "€" (exponential), or "g" (likee or f)
#EXEC( )
Syntax:
H#EXEC( "string" )
where:
"string"

isthe text that will be used as the command line to execute another program. It
must always be enclosed in quotes. "string" must be less than 160 characters.

#EXEC() is used to launch another program from FEMAP. The string argument must con-
tain the complete command line that is required to launch the program, including any dis-
kname, pathname or command line arguments. FEM AP does not modify the string, it simply
removes the quotes and passes it to the WinExec function.

#EXIT()
Syntax:
H#EXIT()
Immediately terminates the program file. There are no arguments or questions.
#GOTO( ) and #(label)
Syntax:
#GOTO( label_expression)
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#( 1abel_expression )

where

label_expression
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isanumeric value, variable, or FEM AP equation which can contain the FEMAP
functions described in Appendix C. If you use avariable or equation, FEMAP will
round the value to the nearest integer.

In the simplest form, you can define the label_expression as a constant. In this case, when
FEMAP getsto #GOTO(1), program file execution will immediately jump to the location of

the #(1) “command”. This can be forward or backward in the program file, relative to the
location of the #GOTO( ) statement. You must always define a label that corresponds the
“GOTO expression”, or the program file will abort.

In a more complex example, you could use #GOTO(!i) to jump to a different position
depending on the value of the variable !i. If li was 1, the program file would jump to #(1), if

liwas 99, it would jump to #(99). An error will occur, and the program file will stop if the
label can not be found.

In an even more complex fashion, you can define both the #GOTO( ) and the #()
label_expressions as variables or equations. In all but the simplest cases, this should be done
with care since it is very easy to be searching for a label that will not exist.

#IF( ) and #ENDIF( )
Syntax:

#IF( expressionl operator expression2 )

#ENDIF()
where
expressionl and expression2

are numeric values, variables, or FEMAP equations which can contain the FEMAP functions
described in Appendix C.

operator

is one of the six available operators:

== equd to,

1= not equal to

< less than,

<= less than or equd to,

> greater than, or

>= greater than or equal to

FEMAP evaluates the two expressions and then compares the results using the specified
operator. If the resulting comparison is true, the program file continues from the position
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immediately after the #1F( ) statement. If it is false, FEMAP skipsto the position after the
#ENDIF( ) statement. You must always have a matching #ENDIF( ) for each #1F() com-
mand. You can nest #1F( ) statements inside each other.

#MSG()
Syntax:

#MSG( "string" )
where:
"string"

isthe text that will be displayed in the message box. It must always be enclosed in
quotes. "string" must be less than 160 characters.

#MSG( ) isused to display message text in adialog box, and pause the program file. The
dialog box contains an OK button that you must press before the program file will continue.

#OPT( )
Syntax:

#OPT ( keystroke)
where:
keystroke

isthe keystroke to simulate. It can be asingle letter, or any of the special keystrokes
which are nomally enclosed in angle brackets (i.e. < >). If you use a special key-
stroke with this command, do not include the angle brackets. For example, use
#OPT (Esc), not #OPT (<Esc>).

#OPT( ) is used to optionally add a keystroke. If a FEMAP error or question dialog box is
displayed, #OPT () will push the button in that dialog box which corresponds to the key-
stroke you specify. In any other situation (i.e at the FEMAP Menu level, or in any other nor-
mal dialog box), #OPT( ) does nothing. The keystroke is simply skipped. You can identify
FEMAP error or question dialogs by the fact that they always have between 1 and 3 buttons,
centered at the bottom of the dialog box, and no other options (except for the question or
message text).

A typical place where you will want to use the #OPT( ) command is following the standard

(2]

file access dialog box. If you specify an already existing file, and FEMAP wants to write to o

that file, a question will be displayed to overwrite or append to the file. Since the messageis 5'

only displayed when an existing fileis chosen, you can not just code a Yes/No response, you =

must code #OPT (Y) for Yes, or #OPT(N) for No. The Y or N keystroke will only beissued if E

the message is displayed. g

#OPTGO() =
Syntax:

#OPTGO( label _expression )
where:
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label_expression
isanumeric value, variable, or FEM AP equation which can contain the FEMAP
functions described in Appendix C. If you use avariable or equation, FEMAP will
round the value to the nearest integer.
#OPTGO( ) isredlly just an alternative to the #GOTO( ) command. In this case however, the
jump to the label is only taken if amessage or question dialog box is currently displayed -
just like the #OPT () command. You can use this command to insert special error handling
code into your program file.
#OPTGO( ) just jumps to the specified label, it does not complete the message/questiondia-
log box. You must add those keystrokes immediately after the label - potentially using the
#OPT () command.
#RUN()
Syntax:
#RUN( "filename" )
where:
"filename”
isthe filename of aBASIC Script that will be executed.
#RUN( ) is used to launch a BASIC Script FEMAP. The filename can either be afully path
and filename or just the filename, in which case FEMAP will search for thefile along the
path and in the executabl e directory. Refer to the documentation for the BASIC Scriping lan-
guage for more information.
#SILENT()
Syntax:
#SILENT( expression )
where;
expression

isanumeric value, variable, or FEM AP equation which can contain the FEMAP
functions described in Appendix C. If you use avariable or equation, FEMAP will
round the value to the nearest integer.

#SILENT( ) allows your program file to run without displaying al of the FEMAP dialog

boxes. If the value of “expression” is 0, all dialog boxes will be displayed. Any other value
causes the program file to run without displaying the dialog boxes. By using multiple
#SILENT( ) commands, you can turn the dialog boxes on and off whenever you want in a
program file.

Other Program File Notes

Program files must be less than 65535 characters in length. This is the largest buffer that
FEMAP can allocate for a program file. If you need larger files, you can create multiple pro-
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gram files and chain them together by including commands that run the next program file
into the previousfile.

Spaces and carriage returns (newlines) are typically ignored in program files. You have to
use the special keystrokes ( like <SPACE> or <CR> ) to enter these characters. The only
exception to thisrule is when you are entering text into a dialog box. In this case, for conve-
nience, spaces are read and written to the dialog box.

You can also add comments to program files. A comment starts with a$ and ends at the end
of aline. Comments can appear anywhere, but can not be included inside of other com-
mands.

All program file commands must be completed on asingle line.

The special charactersthat delimit keystrokes and commands, #, <, and {, must be used with
careinaprogram file. If you need to use them as part of atext string, you must precede them
with a\character. The \ will not show up astext. If you need to enter a\ (like in adirectory
name, enter \\. Thiswill echo asone\.

When executing FEM AP commands, you should always use the shortcut syntax,
{command_characters}. You can also now use the various accelerator keys. For example,
Ctrl-N, executes the Create Node command.

Upper, and lower, case does not matter except for text that istyped into acontrol. In that case
the only differenceisif you are entering atitle. The title will contain the upper and lower
case |etters that you enter. FEMAP simply ignores case for all commands.

8.4 Toolbox Reference

FEMAP comes with a standard toolbox for many common commands, but you can custom-
ize it to suit your needs. You may want to change the pictures in the toolbox, add your own
commands, delete some commands, change the help messages, or even define new tool-
boxes. All of these things can be done with the Windows tools that you have and the tools
included with FEMAP.

8.4.1 Building a Toolbox
When you want to update or create a new toolbox, you will need to follow these steps:

1. Update the toolbox definition file. You can update this file with any text editor or word
processor that works with standard ASCI| files. It will be much easier if the editor can
handle long lines (longer than the width of your screen). Unless you are creating a very
large definition file, you can use the Windows Notepad.

The definition file contains the names of the bitmap files that are drawn onto the buttons,
the help information, and the commands that are executed when you press the buttons.
The format is described in the next section.

2. Compilethedefinitionfile. This step takesthe ASCII definition file and creates the binary
file that FEMAP actually uses to display the toolbox. The binary file also contains the
actual bitmap information for the buttons (not just the bitmap filenames).

(2}
c
(7]
1
o
=
;
=
(=)
2

To compile the definition file, you must use the Toolbox Compiler. Thisis a standard
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8.4.2

DOS program and can be run from either Windows or DOS. You invoke the compiler
with the following manner:

tbx [definition_filename] [toolbox_filename]
or, for example:
tbx toolbox.thx toolbox.esp

The filenames are optional. The compiler will prompt you for the names that you did not
supply. Be careful though, the binary file that the compiler produces (toolbox.esp, in the
example) will overwrite any file of the same name.

All of the bitmap files that you specify in your definition file must be available on your
disk when you compile. If they are not, you will see an error message and the compilewill
fail. Since the bitmaps are transferred into the compiled file however, you can delete the
bitmaps from your disk after you compile. Thiswill save space, but you will have to
restore them if you want to recompile at alater time.

If you receive any other error messages, they must be fixed, and you must recompile
before you can use the toolbox in FEMAP.

3. Choose the toolbox in FEMAP. If you compile your toolbox to a new filename, you must
use the File Preferences Libraries command to tell FEM AP the name of the toolbox file
that you want to use.

The Toolbox Definition File

The format of the toolbox definition file is fairly straightforward. The first ten lines of the
file must contain the filenames of the bitmaps which are used for the button borders and the
"previous menu” button. They must be given in order, asfollows:

Button Border (button is up)

Button Border (button is down)

Button Border (button is up, and has the input focus)
Button Border (button is down, and has the input focus)
Previous Menu Border (button is up)

Previous Menu Border (button is down)

Previous Menu Border (button is up, with the input focus)
Previous Menu Border (button is down, with input focus)
Previous Menu Picture (standard is <<Menu)

Blank Button Picture (used when a button is not defined)

\yo'te:

These filenames must each be on a separate line.

The remainder of the file, defines the actual toolbox menus. It consists of MENU commands
which use the following syntax:

MENU nenu_id "menu_title"
button_nunber bitnmap_nane "hel p_text" button_comrand
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button_nunber bitmap_name "hel p_text" button_conmand
END

where;

O menu_idisaninteger identifier for the menu that you are defining. menu_id must be
greater than or equal to 0. Thefirst or top-level menu must always be menu_id = 0. For
best efficiency, you should always try to keep menu_ids consecutive (0,1...N).

O menu_title defines the title for the menu. This string must be enclosed in quotes and must
be less than 25 characters. The menu_title is displayed in the title bar of the toolbox.

QO button_number is an integer between 0 and 35. It identifies the button that you are defin-
ing. Button O isin the upper left corner of the toolbox. Numbering goes | eft to right, so
Button 1 isin the middle of the top row. You can define as many buttonsin a single menu
asyou need. Buttons that are not defined will not be visible in the toolbox.

O bitmap_name is the name of the bitmap that will be drawn in the button. It must exist.
The name should not be enclosed in quotes.

O help_text isthe single line of description that is displayed in the main window title bar
whenever you point at a button with your cursor. You must enclose this text in quotes. It
must be less than 40 characters long.

O button_command can be either a single number or a macro. When you want a button to
display another toolbox menu, just define the button_command as the menu_id of the
menu that you want to display. Make sure that the menu exists. Do not enclose the num-
ber in quotes. A macro isreally just a program file that you write into the toolbox defini-
tion file. The only restriction isthat it must be less than 160 characterslong. You can use
any of the FEMAP or program file commands, including the logic commands, to create
the macro. You must always enclose a macro in quotes. When you press the button,
FEMAP will execute the macro just as it would execute a program file.

If you need to execute a series of commands that results in amacro that is longer than 160
characters, just store the commands in a program file. Then define the macro as:

{fmr} program_filename<OK>

where you would replace program_filename with the name of your program file. Thiswill
automatically run the program file that you created, and it can be any length. This approach
has the additional advantage that you do not have to recompile the toolbox every time you
want to change the program file. You will have to recompile if you rename the file however.
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Creating Bitmaps for your Toolbox

The picturesthat FEMAP drawsin the toolbox buttons are merely Windows device-indepen-
dent bitmaps. You can use any drawing program (like Windows Paintbrush) to create or
modify them. You must be certain to save the pictures in bitmap format. You cannot use a
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program that creates Windows I cons (icons are not bitmaps), unless that program can save
the graphics as a bitmap.

Windows bitmaps can be any size, and FEM AP will shrink (or stretch) them to fit inside the
available size of the button. When a bitmap is shrunken however, the results are usually not
very attractive. It will usually givethe best resultsif you create your bitmaps at the same size
as the buttons, and the same size that they are defined in the default toolbox. The following

sizes are recommended:
Bitmap Type Horizontal Pixels Vertical Pixels
Button Borders 43 40
Button Pictures 37 34
Previous Menu Border | 129 20
Previous Menu Picture | 123 16

Unless you actually want to make the buttons themselves look different, the only bitmaps
you will probably ever define are the Button Pictures (37x34).
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Command Keys

These keys provide shortcut methods for accessing the FEMAP commands. |n addition tothe
keys described here, menu commands can also be activated by using the Alt key in combina-
tion with the underlined letter in the command (or by selecting them with the mouse). Many

of these shortcuts are shown on the right side of the menus.

Key(s) Command
Ctrl+A View Autoscale
Ctrl+Shift+A View Autoscale Full
Ctrl+B Mesh Between
Ctrl+C File Picture Copy
Ctrl+Shift+C File Message Copy
Ctrl+D View Redraw
Ctrl+E Model Element
Ctrl+F Modify Fillet
Ctrl+G View Regenerate
Ctrl+H Help Conventions
Ctrl+l Modify Trim
Ctrl+J Modify Join
Ctrl+K Modify Break
Ctrl+L Tools Variable
Ctrl+M View Magnify
Ctrl+N Model Node
Ctrl+O View Options
Ctrl+P View Pan
Ctrl+Q View Quick Options
Ctrl+R View Rotate
Ctrl+S View Select
Ctrl+T File Export Analysis Model
Ctrl+Shift+T File Import Analysis Model
Ctrl+U Open/Close Messages and Lists Win-

dow

Ctrl+Shift+U Open/Close Graphics Window
Ctrl+Y Last Menu Command
Ctrl+W Tools Workplane
Ctrl+z Tools Undo
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Key(s) Command
Ctrl+Shift+Z Tools Redo
Ctrl+Ins File Picture Copy
Ctrl+Alt+Ins File Message Copy
Alt+Backspace Tools Undo
Alt+Shift+Backspace Tools Redo

Function Keys
These keys provide additional shortcut methods for accessing the FEMAP commands. In
addition to the keys described here, menu commands can also be activated by using the Alt
key in combination with the underlined letter in the command (or by selecting them with the
mouse), or through various Ctrl-key combinations.

Key(s) Command
F1 Help
F2 Workplane
Ctrl+F2 Model Load Set
Shift+F2 Model Constraint Set
Alt+F2 Group Set
F3 Print
Ctrl+F3 Save Picture
Shift+F3 Page Setup
Alt+F3 Replay Picture
F4 File Save
Ctrl+F4 Close View
Shift+F4 File Open
Alt+F4 File Exit
F5 View Select
Ctrl+F5 View Model Data
Shift+F5 View Post Data
Alt+F5 View XY Data
F6 View Options
Ctrl+F6 Top View to Bottom
Shift+F6 View Quick Options
Alt+F6 Swap Window
Ctrl+Shift+F6 Bottom View to Top
Alt+Shift+F6 Next Window
F7 View Zoom
Ctrl+F7 View Magnify
Shift+F7 View Autoscale
Alt+F7 View All Views
F8 View Rotate
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Dialog Box Keys

Key(s) Command
Ctrl+F8 View Align by Vector
Shift+F8 View Center
Alt+F8 View Pan
Fo Model Line Coordinates
Ctrl+F9 Model Arc Points
Shift+F9 Model Surface Edge Curves
Alt+F9 Model Volume Surfaces
F10 View Menu Bar
Ctrl+F10 Last Menu
Shift+F10 Mesh Size Along Curve
Alt+F10 Last Menu Command
Fl11 Mesh Between
Ctrl+F11 Mesh Transition
Shift+F11 Mesh Geometry Surface
Alt+F11 Geometry Boundary Surface
F12 View Redraw
Ctrl+F12 View Regenerate
Shift+F12 View Show
Alt+F12 Mesh Geometry Solid

The following Keys are implemented by Windows and are typical for most "well-behaved"
Windows applications. They allow you to move around the dialog box, select options, enter
and modify data, and execute additional commands.

M ovement
Key(s) Function

Tab Movesto next list box, text box, check
box, command button, or group of option
buttons. Moves from field to field (left to
right and top to bottom).

Shift+Tab Moves from field to field in reverse order.

Alt+letter Moves to the option or group whose under-
lined letter matches the one you type.

Letter key Moves to next item beginning with that let-
ter in an activelist or drop-down list box.

DIRECTION key Moves from option to option within a

(Up, Down, Right, Left)

group of check boxes, command buttons,
or option buttons. Also moves selection in
anormal or drop-down list box.
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Selection or Operation

Key(s) Function

Enter Executes the currently active command
button. Thisistypically the OK button
when the dialog box isfirst displayed. The
currently active command button has a
wider, darker border than the other buttons.

Esc Closes a dialog box without completing
the command. (Same as clicking the Can-
cel button.)

Alt+Down Opens a drop-down list box.

Space (SpaceBar) Turns on or off active check box or option
button, or chooses the active command
button.

Editing

Key(s) Function

Left or Right Moves one character.

Home Moves to beginning of line.

End Movesto end of line.

Ins Turns on/off overtype.

Shift+DIRECTION key Extends selection in atext box.

Shift+Home Extends selection to first character in atext
box.

Shift+End Extends selection to last character in atext
box.

Alt+Backspace Single Level Undo/Redo of the changes
made to the active text box or drop-down
list box.

Ctrl+Enter Add anew linein amulti-line text entry
control.

Editing with no char acter s selected
Key(s) Function

Del Deletes character to right of insertion
point.

Ctrl+Del Deletesto end of line.

Ctrl+Shift+Del Cutsto end of line.

Shift+Del Cuts character to right.

Backspace Deletes character to left of insertion point.

Shift+lns Pastes Clipboard data.
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Editing with characters selected
Key(s) Function

De Deletes selection.

Ctrl+Dél Deletes from beginning of selection to end
of line.

Ctrl+Shift+Del Cuts from beginning of selection to end of
line

Shift+Del Cuts selection to Clipboard.

Backspace Deletes selection.

Ctrl+Ins Copies selection to Clipboard.

Shift+lns Replaces selection with Clipboard data.

Special Dialog Keys
The following keys work within text or drop-down list boxesin FEMAP. They do not apply
to other Windows applications except for Cntr+X, Cntrl+C, and Cntrl+V...

Key(s) Function

Ctrl+A Measure an Angle

Ctrl+C Copy (Windows Command)

Ctrl+D Measure a Distance

Ctrl+E Display FEMAP Equation Editor for
interactive definition of variables and
equations.

Ctrl+F List Functions

Ctrl+G Snap Cursor Selectionsto Snap Grid.

Ctrl+L Display alist of the existing entities of the
desired type.

Ctrl+N Snap cursor selections to nearest Node.

Ctrl+P Snap cursor selections to nearest Point.

Ctrl+S Snap cursor selections to screen (snap
off).

Ctrl+T Redefine Snap Grid.

Ctrl+V Paste (Windows Command)

Ctrl+W Redefine Workplane.

Ctrl+X Cut (Windows Command)

Ctrl+z Use Standard Coordinate Selection Dialog
Box to define location
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Menu Keys

The following keys allow you to access and move within the FEMAP menus. You can also
access the menus using the mouse.

Selection Keys

Key(s) Function
Alt or F10 Activates menu bar.
Esc Cancels menu.
Space (SpaceBar) Following Alt (or F10) displays window
Control menu.
Underlined letter Displays menu.
Left or Right Highlights the menu to the left or right.
ith menu displayed
Key(s) Function

Underlined | etter

Chooses command or sub-menu.

Enter

Chooses highlighted command.

Esc Cancels menu.

Up Highlights previous command.

Down Highlights next command.

Left or Right Displays the menu to the left or right.

The following keys are used in FEMAP to assist in selection of multiple entities. They are
used in combination with pressing the left mouse button and dragging the mouse.

Windows Keys

Key(s) Function
Ctrl Select al entities within acircular area.
Shift Select al entities within a square/rectan-

gular area.

The following keys allow you to switch between applications, or between windows within a
single application, and to scroll data within a window with scroll bars, such as the FEMAP
Messages and Lists window.

Key(s) Function
Alt+Esc Next application
Alt+Shift+Esc Previous application
Alt+Tab Next windowed application
Alt+Shift+Tab Previous windowed application
Ctrl+Esc Display the Windows Task List
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Alt+F6

Within an application this alternately acti-
vates the last 2 active child windows. For
example, within FEMAP, between 2
graphics windows.

Alt+Shift+F6

Next Window. Advances activation to the
next or parent window. In FEMAP you
can use thisto cycle activation thru all
windows (main,graphics,messages and
lists). If agraphics window or the mes-
sages and lists window is active, pressing
this will activate the FEMAP main win-
dow. Pressing it again will activate the
next graphicswindow or the messages and
lists window.

In FEMAP Messagesand Lists Window

Key(s) Function
DIRECTION Keys Scroll in appropriate direction.
PgUp and PgDn Scroll Window Up/Down one screen.
Ctrl+PgUp Scroll Window L eft one screen.
Ctrl+PgDn Scroll Window Right one screen
Home Beginning of Line.
End End of Line.
Ctrl+Home Scroll to Top
Ctrl+End Scroll to Bottom
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Using the Mouse

At the FEMAP Menu Level

While FEMAP iswaiting for you to choose a command, you can perform certain "FEMAP-
specific" functions with the mouse. These are in addition to the normal Windows functions
that you can perform by clicking and dragging the mouse in the window borders and menus.

Action

Result

Click button in window

Activate that window. If you have multiple
graphicswindows on the screen the one you
click on will become active. All View
changes will be made to that window.

Double click |eft mouse
button in graphics win-
dow.

Redraws that window.

Click right mouse button
in graphics window.

Display quick access menu.

Click left mouse buttonin
Messages and Lists Win-
dow.

Select the line that you were pointing at for
transfer via File Messages Copy or File
M essages Save.

Press and drag left mouse
button in Messages and
Lists Window.

Select al lines between where you press
and rel ease the mouse button.

Click right mouse button
in Messages and Lists
Window.

Deselect lines. Actually selects al linesin
the buffer.

Press Shift key, then click
the right mouse button in
agraphics window, or the
Messages and Lists win-
dow.

Alternately turns the window title bar on
and off.

Click ,Hold and Drag L eft
MouseButton in Graphics
Window while in Render
Mode

Dynamic Rotate, Pan and Zoom. Works
identical to View Align by Dynamic and the
Dynamic Rotate, Pan, and Zoom View
Toolbar command, except you do not have
to enter acommand to do it.
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During a Command

When a command dialog box is displayed, the mouse can perform the following functions.
These are also in addition to the normal Windows functions which allow you to move
between dialog controls, and manage your windows.

Action

Result

Click right mouse button
in graphics window.

Display quick access menu.

Click left mouse buttonin
graphics window.

Graphically select the closest entity or loca
tion. This only works when you would nor-
mally be typing in atext, list or combo box
which references a selectable entity.

Press Shift key, then press
and drag left mouse but-
ton in agraphics window.

Select al entities inside the square (rectan-
gle) that is formed as you drag the mouse.
Thisonly worksin the standard entity selec-
tion dialog box.

Press Ctrl key, then press
and drag left mouse but-
ton in agraphics window.

Select all entitiesinside the circlethat is
formed as you drag the mouse. This only
worksin the standard entity selection dialog
box.

When Replaying an Animation
You can replay both static pictures and animations using the File Picture Replay command,
or by running the Replay program from outside of FEMAP. You can use the mouse buttons
to quickly stop and start animations that you replay in this manner.

Action Result
Click left mouse buttonin | Temporarily pause the animation.
replay window.

Click right mouse button
in replay window.

Restart a paused animation.




Function Reference

This appendix defines the predefined FEM AP functions which can be used to create equations
for any numeric input. The functions are listed in alphabetical order. All function arguments
are aways required. Multiple arguments must be separated by asemi-colon ( ; ), not acomma

()

ABS(x)

returns the absolute value of the argument x. If x was positive, ABS(x) = x.
ACOS(x)

returnsthe inverse cosine (arc cosine) of x. Theinverse cosineisthe angle, between 0 and 180
degrees, which has a cosine equal to x.

ACTID(type)

returns the active Set or ID for the selected entity type. The argument, “type”, must be on
the predefined entity types (any other value of “type” returns an undefined result):

Type Entity Type Entity
1 Coordinate System 9 Element
2 Point 10 Material
3 Curve 11 Property
4 Surface 12 Load Set
5 Volume 13 Constraint Set
6 Text 14 View
7 Boundary 15 Output Set
8 Node 16 Report Format

ASIN(X)

returns the inverse sine (arc sine) of x. The inverse sine is the angle, between -90 and 9
degrees, which has a sine equal to x.

ATAN(X)

returns the inverse tangent (arc tangent) of x. The inverse tangent is the angle, between
180 degrees, which has a tangent equal to x.

COS(theta)
returns the cosine of the angle theta. Theta must be specified in degrees.
COUNT(type)

returns the number of entities of the selected type in the current model. Type must be on
the predefined entity types (see ACTID() function).
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ELND(index;elemID)

returns anodel D which isreferenced by an element. Thefirst argument, index, selectswhich
node on the element to report. The second argument, eleml D, selects which element to
report. For example ELND(3,45) returns the I D of the third node on element 45. If either the
element does not exist, or the index istoo large an error message will be given and the return
will be undefined.

EXP(x)

returns the value of the exponential function, *.

INT(x)

returns the closest integer value (whole number) which is lower than the real number argu-
ment, X.

LN(x)

returns the natural logarithm of x.
LOG(x)

returns the base 10 logarithm of x.

MAT( matlID; index )

returns amaterial value from material "matlID". The value of "index" determines the mate-
rial value that will be returned. Unlike the PROP( ) function, the values of "index" in this
case are the same, no matter what type of materia is being referenced. You should use the
following values for "index".

Ivna(ljs)é Returns I\/na?j)é Returns Ivna?j)é Returns
0 Ex 1 Ey 2 Ez

3 Gx 4 Gy 5 Gz

6 NUxy 7 NUyz 8 NUzx

9 G 3D[1]] 10 G _3D[1,2] 11 G _3D[1,3]
12 G_3D[1,4] 13 G _3D[L1,5] 14 G _3D[1,6]
15 G_3D[2,2] 16 G _3D[2,3] 17 G_3D[2,4]
18 G_3D[2,5] 19 G_3D[2,6] 20 G_3D[3,3]
21 G_3D[3/4] 22 G_3D[3,5] 23 G_3D[3,6]
24 G_3D[4,4] 25 G_3D[4,5] 26 G_3DJ[4,6]
27 G_3D[5,9] 28 G_3DJ[5,6] 29 G_3DJ[6,6]
30 G _2D[1,1] 31 G 2D[1,2] 32 G _2D[1,3]
33 G_2D[2,2] 34 G _2D[2,3] 35 G _2D[3,3]
36 alpha[1,1] 37 alpha[1,2] 38 alpha[1,3]
39 alpha[2,2] 40 alpha[2,3] 41 alpha[3,3]
42 k[1,1] 43 k[1,2] 44 k[1,3]

45 k[2,2] 46 k[2,3] a7 K[3,3]
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I\?a?s)é Returns I\?a(ljl?é Returns I\gljj)é Returns
48 thermal cap 49 density 50 damping
51 ref Temp 52 tension limit[1] 53 tension limit[2]
54 compression 55 compression 56 shear limit
limit[1] limit[2]
MAX(x;y)

returns either x or y, whichever islarger. Positive numbers are always larger than negative
numbers. If you want to compare in an absolute sense use MAX(ABS(X);ABS(y)).

MAXID(type)

returns the maximum ID in the current model of the selected entity type. Type must be one
of the predefined entity types (see ACTID( ) function).

MID( propID)

returns the ID of the material that is referenced by property "propl D". This function should
not be used with laminate properties which can reference multiple materials - use MLAM( )
instead.

MIN(x;y)

returns either x or y, whichever is smaller. Negative numbers are always smaller than posi-
tive numbers. If you want to compare in an absolute sense use MIN(ABS(x);ABS(Y)).
MINID(type)

returns the minimum ID in the current model of the selected entity type. Type must be one of
the predefined entity types (see ACTID( ) function).

MLAM( proplID; ply )

returns the ID of the material that is referenced by layer "ply" of property "proplD". This
function can only be used if "propl D" selects alaminate property. "ply" must be between 1
and the maximum number of allowable plies for alaminate, however the return will be O if
you choose a ply that is not defined for the selected property.

NEXTID(type)

returns the ID of the next entity to be created of the selected type. Type must be one of the
predefined entity types (see ACTID( ) function).

PID( elemID)

returnsthe ID of the property that is referenced by element "elemID". The return will always
be O, if the element does not reference a property.

POW(X;y )

returns the value of x to they power, x¥

PROP( proplD; index )

returns a property value from property "proplD". The value of "index" determines the prop-
erty value that will be returned. Refer to the table of Property Values in Data Block 402 of



C-4 Function Reference

the FEMAP Neutral File documentation (Appendix G) for proper values of "index". Asyou
can see from this table, the "index" values differ depending on the type of property that you
areusing.

For example, if proplD selects a Bar property, setting index = 0 will return Area, index = 4
will return J, the torsional constant. For a plate, index = 0 will return the thickness.
RND(x)

returns the closest integer value (whole number) which is either lower or higher than the real
number argument, x.

SIN(theta)

returns the sine of the angle theta. Theta must be specified in degrees.

SQR(x)

returns the square of X. SQR(X) =X * x

SQRT(x)

returns the square root of x.

TAN(theta)

returns the tangent of the angle theta. Theta must be specified in degrees.

VEC(setID;vectorID;entityID)

returns an output data value. SetlD defines the output set to be selected. VectorID selects an
output vector in that set. EntitylD is either the element ID or node ID (depending on the vec-
tor type) of the data to be selected. For example, VEC(2,1,33) returns the output value for
node 33, in Output Set 2, Output Vector 1 (Total Trandlation).

XEF(elemID;facelD)

returns the X coordinate of the centroid of the selected element face. The X coordinateis
always returned in the active coordinate system. In a cylindrical or spherical system, thisis
theradial value. The available values for facel D depend on the element type. Refer to the
Element Library for more information on face numbers for each element type.

XEL(elemID)

returns the X coordinate of the centroid of the selected element, in the active coordinate sys-
tem. In acylindrical or spherical system thisistheradial value.

XND(nodelD)

returns the X coordinate of the selected node, in the active coordinate system. In a cylindri-
cal or spherical system thisistheradial value. If you specify a negative nodelD, FEMAP
selects the node with an ID equal to the next node to be created minus the value you speci-
fied. For example, if you specify XND(-1), and the next node to be created is 43, you will
get the X coordinate of node 42, if node 42 exists.

XPT(pointID)
same as XND( ), only returns the coordinates of a point.
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YEF(elemID;facelD)
same as XEF( ), only returnsthe Y coordinate.

YEL (elemID)
same as XEL (), only returnsthe Y coordinate.

YND(nodelD)

returnsthe Y coordinate of the selected node, in the active coordinate system. In a cylindri-
cal system thisisthe angular value theta, in degrees. See XND( ) for additional information.

YPT(pointID)
same as YND( ), only returns the coordinates of a point.

ZEF(elemID;facelD)
same as XEF( ), only returns the Z coordinate.

ZEL (elemID)
same as XEL (), only returns the Z coordinate.

ZND(nodelD)

returns the Z coordinate of the selected node, in the active coordinate system. See XND( )
for additional information.

ZPT(pointID)
same as ZND( ), only returns the coordinates of a point.
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Converting Old Madels

Conversion from v4.4 and Later
FEMAP binary database (.MOD) files from previous versions of FEM AP are not compatible
with this version. The current version of FEM AP, however, can automatically translate model
filesfrom FEMAP v4.4 and later to the current version. No action isrequired by the user.
FEMAP will automatically read the database, trand ate to a FEMAP neutral file, and then con-
vert the neutral fileto the latest database format.

Conversion of v4 files - Prior to v4.4
If you have been using aversion of FEMARP prior to v4.4, you will probably have existing
models that you want to use with this new version. Your old model (.MOD) files are not com-
patible with this version of FEMAP and cannot be read by the latest version of FEMAP. You
can convert your modelsto FEMAP Neutral Files, however, so they can be used with this sys-
tem.

The best approach to doing the conversion is to do the following:
1. Using your old version of FEMAP, open the model that you want to convert.

2. Use the File Translate command (pre Version 5), or the File Export FEMAP Neutral com-
mand, to write a FEMAP Neutral file. You can choose any filename for this command. If
your model contains output for postprocessing you can also write that to the neutral file for
automatic conversion.

. Exit your old version of FEMAP.
. Start the new version of FEMAP with a hew, empty model.
. Choose the File Import FEMAP Neutral command.

. When thelist of filesis displayed, enter the name of the neutral file that you just created.
You can set any of the other tranglation options that you want, but usually you will just
want to press OK and accept the defaults. FEMAP will now read the neutral file and build
your converted model.

o 01~ W

7. Before you exit FEMAP remember to Save your model. Either use the File Save As com-
mand or just respond Yes to the question about saving your model as you exit FEMAP.

Other Methods to Convert Models

The above approach used a FEMAP Neutral File to convert your model. You can follow the
same steps using any of the other translator formats that are supported in your earlier version
of FEMAP. If you use one of these alternate formats however, no colors, groups, or other
FEM AP-specific data will be converted.

Converting from Version 3 and Before

If you still have the output files from your analysis program, it will probably be better to skip
writing the output to the neutral file. Due to the large number of changesin this version of the
program, output that is translated from neutral files that were written by earlier versions of

FEMAP will be moved to output vectors that it would not otherwise occupy. You will still be
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able to postprocess this output, but if you later read additional analysis output into new out-
put sets, it will not be in the same vectors as the output converted via the neutral file. For
maximum compatibility, it is therefore best to skip writing output to the neutral file and
reread your analysis output directly into this version of FEMAP.

If you do this, you will have to use File Import Analysis Results to read the output files into
the newly converted model.

Dueto the extensive enhancements that were made between Version 3 and 4 of FEMAP, sig-
nificant changes had to be made to the Neutral file format. Therefore, even though you fol-
low the procedure defined above, your complete model cannot be converted exactly. Again,
these limitations only apply if you are converting a Neutral File from Version 3 or before -
not a Version 4 Neutral file. The following items will either not be converted, or will be
modified during the conversion:

O Asnoted above, al output will be moved to new output vectors. The new vectors will all
have I Ds above 300000, just like user-defined outpuit.

O Display, Window, and Post Options will be skipped. The new Views, which combine al
of these features and many more, are so different that it isimpossible to convert these old
options. You must define new Views.

O Postprocessing Report Formats will be skipped. Again, these have changed so much that
they can not be converted. Either select new standard formats or redefine themin your
new model.

O Groupswill be converted, but the format has changed dramatically. Some types of Group
definition, like Constraints by DOF can not be converted because they are no longer sup-
ported. If you see any messages when reading the neutral file, you should check your
groups carefully.
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