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Manual Conventions

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

Enter, Alt 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.

a: setup 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.

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

heading 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.

text Used for all other normal manual text.

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

This section introduces FEMAP and explains what you can do with the software. When you
are finished with this introduction, see Chapter 2, “Getting Started” for instructions on in
ing FEMAP and for recommendations on which of the example chapters are most appr
for your interests.

About FEMAP

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

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

Geometry

FEMAP can directly import geometry from your CAD or design system. In fact, FEMAP
directly import a solid model from any ACIS-based or Parasolids-based modeling pack
your modeling package does not use either of these packages, simply use the FEMAP |
STEP readers. IGES files can be read and then stitched together to form a solid. This ty
requires using just one simple command. STEP AP203 solids can be read directly and
matically converted to Parasolid format.

If you do not have CAD geometry, you can create geometry directly in FEMAP using po
ful wire-frame and solid modeling tools. FEMAP Professional contains solid modeling
directly in FEMAP with not one but two popular geometry engines (Parasolids and ACI
You can build solid models in either engine, and then export a model. This is very conv
if you need to export geometry to CAD packages that are either ACIS or Parasolids bas

Finite Element Modeling

Regardless of the origin of your geometry, you can use FEMAP to create a complete fini
ment model. Meshes can be created by many methods ranging from manual creation, t
mapped meshing between keypoints, to fully-automatic meshing of curves, surfaces an
ids. FEMAP can even work with your existing analysis models. You can import and man
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 li
ies. Many types of constraint and loading conditions can be applied to represent the de
environment. You can apply loads/constraints directly on finite element entities (Nodes
Elements), or you can apply them to geometry. FEMAP will automatically convert geom
conditions to Nodal/Elemental values upon translation to your solver program. You may
convert these loads before translation to convince yourself that the loading conditions a
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 FEM AP contains a multi-level undo and
redo capability. An On-Line Help system also provides the capability to review information on
FEMAP commands without ever opening a manual.

FEMAP also provides extensive tools for checking your model before you analyze it, to give
you the confidence that you have properly modeled your part. It constantly examinesinput to
prevent errorsin the model, and provides immediate visual feedback. FEMAP also provides a
comprehensive set of toolsto evaluate your finite element model and identify errorsthat are
often not obvious. For example, FEMAP 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 considerabl e time and money.

Analyzing Your Model

When your model is complete, FEMAP provides interface to over 20 popular programsto per-
form finite element analysis. You can even import amodel 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. Defamation Plots, Contour Plots, Animations, and X-Y Plotsarejust
some of the postprocessing tools available to the FEMAP user. FEMAP v5.0 now supports
OpenGL, which provides even more capability for postprocessing, including dynamic visual-
ization of contours through solid parts. Section Cuts and IsoSurfaces can now be viewed
dynamically by simply moving your cursor.

Documenting Results

Documentation is also avery important factor with any analysis. FEMAP obviously provides
direct, high quality printing and plotting of both graphics and text. Frequently, however,
graphics or text must be incorporated into alarger report or presentation. FEMAP can export
both graphics and text to non-engineering programs with a simply Windows Cut command.
You can easily export pictures to such popular programs as MS Word, M'S PowerPoint and
Adobe Framemaker. You can export to spreadsheets, databases, word processors, desktop pub-
lishing software, and presentation graphics, paint and illustration programs. These links enable
you to create and publish a complete report or presentation, all electronicaly, right on your
desktop.

With support for AVI files you can even include an animation directly in your PowerPoint Pre-
sentation or Word Document. Creating illustrations for reports and presentations has never
been this easy.

FEMAP can also write out analysis models as VRML files, deformed and contoured just as
you see on your screen. This enables you to share analysis results across networks or the web
with any standard VRML viewer.

FEMAP Documentation

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

... provides an introduction to FEM AP, basics on installing the software, and a number of
detailed examples of building afinite element models from start to finish using FEMAP. This
manual provides the new user aquick tour of just some of the capabilities of FEMAP, while
familiarizing them with the program.

Release Notes...

... contains a brief overview of new featuresin the latest release of FEMAP. This document is
especiadly useful to userswho are upgrading from a previous version of the software.

NOILONAOULN]

Users Guide...

... includes general information about FEMAP. Included in this manual are descriptions of
FEMAP’s Graphical User Interface, including the command toolbars, common dialog box
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 com-
mands 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 post
processing, and there is a brief description of using some of the View commands to check your
Model under the Checking Your Model chapter.

Overview of this Manual

This manual is designed to get you using FEMAP quickly and with proficiency. It contains a
number of examples that take you step by step through the main processes for building and
using an FEA model.

As there are many different types of real analysis problems, there are different types of exam-
ple problems shown here. There are examples using just beams, plates, or solids, as well as
combinations. They are based on real world problems but are not intended to represent any
actual part or structure. Again they are meant to be used only as an aid in learning to use
FEMAP. You may find that some of the examples do not resemble anything you will be doing
and may want to skip them, however, it is recommended that you work through all the prob-
lems because they may contain some commands you will find useful.

As mentioned before, the example problems are spelled out step by step. All necessary dialog
boxes are shown and buttons/icons pressed are indicated. Simple commands that are repeate
within the same problem may not be shown completely. If you have trouble, refer to the previ-
ous instance of that command for complete instruction. As you complete more and more
examples you should become familiar with many of the FEMAP commands, particularly the
view orientation commands, and be able to execute them on your own.

The general purpose of this manual is to familiarize you with using FEMAP to complete the
following FEA Modeling tasks.
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Creating 2-D and 3-D wire-frame and solid geometry.

Importing geometry from popular CAD packages.

Midsurfacing techniques

Creating basic materials

Creating Line, Plane and Solid Element Property types

Using various types of meshing in your models

Applying loads and boundary conditions.

Manipulating views using the view commands and groups and layers
Viewing, postprocessing and reporting analysis results for your models

The examplesin this manual should help you learn the basic FEA modeling process and some
genera FEMAP commands and the FEM AP command structure. For amore complete
description of the FEMAP interface and modeling procedures refer to the FEMAP User Man-
ual. For an in depth description of all the commandsin FEMAP refer to the FEMAP Com-
mand Reference



Getting Started

Welcome to FEMAP! This section will help you install and start using the software.

To help you quickly become familiar with FEMAP there are recommendations at the
end of this chapter on which examples to do first, depending on your interests.

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

2.1 Hardware Requirements

There are no special hardware requirements for FEM AP beyond those imposed by
Windows operating systems. There are many types of hardware that will allow you
to use FEMAP. Proper choice of hardware however, can often make the difference
between frustration and productivity. Here are two suggestions concerning hardware:
Memory, RAM:

You will need at least 16 Mbytes of RAM to run FEMAP. Furthermore, if you are
going to use the solid modeling engines, 32 Mbytes of memory is required. Obvi-
ously, the more amount of RAM the better. Adding RAM can be one of the most cost
effective means of increasing performance.

Graphics Boards:

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

2.2 Installation

2.2.1 Setup Program Execution
Windows NT
1. Log into your computer as Administrator.
2. Insert the FEMAP CD. Setup should automatically start within afew seconds.
Windows 95/98
1. Log on to your computer as any user.
2. Insert the FEMAP CD. Setup should automatically start within a few seconds.
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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 the
file Setup.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 to perform. There are four options
related to FEMAP, Demo System, Full System, Network Client, or FLEXIm License
Manager. The Network Client and FLEXLM License Manager are required only for
network installations, and will not be discussed here. Please see Chapter 2 of the
FEMAP Users Guide for information on network installations.

1. If you have purchased a g
stand alone license of
FEMAP or have a 30-day
evaluation system,

etup Type [ %]

Click the type of Setup you prefer, then click Next

FEMAP 300-Made Demo System

iFEMAP Full System
ChOOSd:EM AP Fu” FEM&P Nelwnrkient

FleslM Network License Server
&laern . Wiz( Client

Wizl Server
2. If you have requested a

Free Demonstration
License of FEMAP
install FEM AP 300-
Node Demo System.

Stand alone and evalaution <Beck [ Hews |
licenses come with a secu-
rity device that attaches to
your parallel port. If you have not received this device, you will need to install the
demo version.

r— Description

Thiz installs full FEMAP «5.0 and requires a Fainbow
SuperPro Secunity Device

Cancel |

You will now be
prompted fOI‘ Wh|Ch Select Components E
components of
FEMAP to install.
ChooseProgram Files

, Examples, Help for
the typical installation.

Select the components you want to install, clear the components
you dao not want ta install.

LComponents

Program Files

Examples

] Toolbox Development 0k
[ ] “izg Client Ok |
Drescription

Thiz component containg the example
madels fram the FEMAP dacumentation B

Space Required: T0944 K
Space Available: 195424 K.

< Back Hext > Cancel
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2.2.2 Security Device

®

\ydte: n
If you have the 300-Node Demo version or network version, this section should be E
skipped. 3

First locate the security device. It should look like the follow- o

ing. ’.°|

m

o

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. B 7]

2. Attach the security deviceto any standard, IBM-compatible
(Centronics) 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.

The security device (hardware key) may be destroyed if you connect any devices
other than a printer in-line with the security device. If you need to use the parallel
port to connect an external device such as aexternal hard drive, you must remove the
hardware key from the series during the operation.

2.3 Errors Starting FEMAP

If youreceive [EFE7ITD
an error indi-

cati ng that the e Securty Device not Found.
security
device cannot
be found,
there are two
possible prob-
lems:

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

1. You haveinstalled the Full Version without a security device.
2. The seucirty deviceis not properly installed.

If you have the 300-Node Demonstration version, you will need to re-install FEMAP
asthe 300-Node Demo version. If you have a seucirty device attached to the parallel
port, turn the power off, check the connections, and then re-boot. If you still have
problems, contact ESP.
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If you receive an Unable to allocate Scroll Buffer File error or have any other diffi-
culty starting FEM AP where abnormal termination occurs, you either do not have
enough disk space, or your Windows TEMPis 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 typically
located in the FEM AP executable directory. You will have to create this file or mod-
ify it to include the appropriate lines as shown below:

DiskM odel Scr=c:\femap700
DiskUndo=c:\femap700
DiskListBuff=c:\femap700

where c:\femap700 can be any valid path. The DiskModel Scr, DiskUndo, and Dis-
KListBuff parameters are case sensitive, and must be defined exactly as above. Once
you make these changes and FEMAP starts, you can modify this path under File
Preferences Database.

2.3.1 Improving Performance (RAM Management)

To improve FEMAP performance on Windows 95 and Windows NT personal work-
stations, 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 FEM AP memory management system, follow the procedure below:

1. Choose the File Preferences command and hit the

Database button. Undo Levels E—

. . Lache Pages
2. Change Cache Pages and Blocks/Pageinthe dialog | gy o l_llm”
bOX tay Cached Label IW

3. Max Cached Label should be set to anumber that is
higher than any entity you will create in your model file. This sets 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
selection will not be saved).

\ydte:

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 and Blocks/Page at a level which is comfortably below the phys-
ical memory of the machine. Also, to optimize performance, you should always
increase Cache Pages (max 15000) to its limit before increasing Blocks/Page.
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2.3.1.1 Setting Guidelines
Starting with FEMAP version 7.0 FEM AP handles memory differently and requires

different settings from earlier versions. r‘r?
FEMAP Version 7.0 3
The following figures are provided as a starting point to improve performance. g
(7]
Operating System | Installed RAM (Mb) Cache Pages Blocks/Page ;'
Windows 95/98, NT 64 10500 1 5
128 12000 2 o

256 14000 4

512 15000 8

1000 15000 15

Actua performance 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

te:

For best performance you should have enough physical Ram to |oad the entire model
fileinto memory. i.e. if you expect your model filesto 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 ver-
sions of FEMAP use the table bel ow.

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
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2.4 Which examples should | do first?
All new users should start with Chapter 3, a basic “plate with a hole” example.

Users that will bereating FE models from CAD geometry will want to do Chap-

ters 8, 9, 14, 15 and 16. These illustrate geometry based loads and ways to idealize
geometry.

Users interested ineam and shell modeling will want to review Chapters 4 and 10.
Building geometry directly in FEM AP is covered in Chapters 6, 8, 11, 12 and 13.

Once you start to feel comfortable with FEMAR, new user s will definitely want
to spend some time with Chapter 7 on Groups, Layers and Postprocadsisiga
very important chapter and will help unlock the power of FEMAP for many users.

Current FEMAP userswill find features of Version 6 & 7 in Chapters 4, 10, 14, 15
and 16.



Plate with Hole

3.1 Problem Description/Objective

In this example we need to review the physical performance of a proposed mounting bracket
configuration. We will define the geometry and material properties, prepare a finite element
mesh and define boundary conditions and loads. The bracket will be constructed of AlSI 4130
Steel. We will completely fix the plate as if the hole were welded to a very rigid support, and
then apply a static tensile load of 5500 pounds. Finally, we will review how to prepare the
model for solution and then look at the results of an analysis.

- 25.00 >
20.00

—Fixed
| Boundary

|

—\ _ . -
5500 Pound
Static Load R2.00 %{

R4.00 x 2

Process Overview

Before we begin the detailed step-by-step instructions for completing the sample model, an
overview of the processisin order. There are three basic steps to be taken to turn this sample
model into amodel suitable for finite element anaysis.

1 Create or Import the
underlying geometry.

@
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Plate with Hole

2

3

Mesh the Part using the

FEMAP Surface Mesh

Command. Material prop-

erties and any element

physical properties (such

asthickness) are aso

defined in this step.

—¥—t—%

Apply various sets of

Loads and Boundary Con-

ditions

NAADNDNDNA

Y

3.2 Creating the Geometry

If you have not already done so, start FEMAP. Select New Model to begin a new modeling
session. Throughout this example, all commands that you will select from the FEMAP menu
will be shown in the following style - FILE - NEw. Which means, first select File from the

menu, and then move to the New command.

Set Snap Mode

1

Choose ToOLS - WORKPLANE. Pressthe
Snap Options Button.

Set the Grid and Ruler Spacing to Uniform
with an X grid of 1.

Set the Workplane Size in both directions at
0to 25 and turn off Adjust to Model Size.

Set the Snap To to Snap Grid. Thiswill snap
the coordinates that you select from the
screen to predefined grid locations.

Set the Grid Style to Dots. This displays the
snap grid locations as dots.

Press OK to accept.

The Grid may be displayed too coarsely. Use
the Zoom-Ouit I con to adjust the view of the
default grid.

Define ove

Origin and

Sdectplne. | | OffsctDistance | Offset Drigin | ‘Snap Options. |
Global Plane. | Move to Pint | Moye Origin | I [ 2t e
OnSutace.. | Roe. || emnxais. |
Previous Align'Y Asis. Done
Snap To [=]

% Gd [T
¥ Gnd [T
Fuler Labels [T

™ Automalic
 fnfers

" |visible
@ Dots

£ Nonuniform € Lines

—Grid and Buier Spacing Fdsm

Divisions [T—|

~Workplane Snap T

3 From [0, To |—12 C 0ff

& SnapGid W Coord Ony
¥ From [0 To iz = =

© Paint I Full Frecision
I Adjust to Model Size € Node
I Adjust to Planar Suifaces
I Diaw % Ruler

oK Cancel

¥ Draw ¥ Ruler &I

@Al el
F
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Cursor Position

1  Turnon the Cursor Position Dialog Box by choosing TooLs - CUR-
SOR PosiTION. The Cursor Position Dialog Box appears in the top
right corner of the screen. This guide is very useful when creating
your own geometry.

2 UsetheA.) Zoom Out icon and the B.) Zoom Window icons on the
toolbar to view the general areabetween two X-Y Positions, such as
0,0 and 30,20. Moving the cursor around in the graphics windows E}‘ @
and watch the values change in the Cursor Position Dialog Box.

There are many ways to create the required geometry. Here we will demonstrate one

1 Choose GEOMETRY -

Locate - Enter First Comner of Rectangle

CURVE LINE - RECT- .

b 0. hd IU. rd IU_ Prezview
ANGLE and enter two =
corner po' nts Of the base |1D |1 CSys ID Global Rectangular j Parameters... Methods ~ | C;]ce\

rectangle that formsthis
part, A=0,0,0 and
B=25,10,0. Press OK
after each Corner. 25 10 z[n Fressw

oK
|1D |1 CSys ID Global Rectangular j Parameters... Methods | e

Locate - Enter Diagonallp Opposite Corner of Rectangle

v
-
>
-
m
=
-
I
= 3
o
-
m

The direct entry technique was simplest for thisexample. As an aternate, you may graphically
pick the locations of corner points on screen.

Graphically Select the Two Corners:

Since the Snap Mode is set to Grid, and the Grid is spaced at every 1.0 unit, it is very easy to
use the Cursor Position Dialog Box, and move the cursor in the graphics window to the precise
location required for each point, press the mouse, and have the dialog box filled in for you.

\wﬁt N
When selecting from the graphics window, instead of moving the mouse all the way down the
OK button and pressing it when you are done, you can double click the mouse on the last

selection and FEMAP will know that you are done and effectively press OK for you.
Program Short-Cut Keys

FEMAP has a number of pre-
defined short-cut keysto speed up
the work you do. Some use the
function keys, e.g. F3 (Print), and
some use the control key (Ctrl) in
combination with another letter key.

These are denoted in the menu
structure and detailed in the full
FEMAP manual and in the on-line L
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help (search for Command Keys). For instance, Press Ctrl-A (VIEW - AUTOSCALE command),
and FEMAP will autoscale the view. Your model should look similar to the one above.

We will now fillet the right side of the part.

1 Select MODIFY - FILLET

Fillet Curves E
from the FEMAP Menu. Curve 1 I Badius M ¥ TimCuvel ¥ Trim Curve 2
Curve 2 With Center Near ZI II ZI

‘QSys ID. Global Aectangular vl Parameters. . ” Cancel |

2 Setthe select snap to

screen by usingthemouse 2effte Breup Yiew Help
to select the Snap Off SRR §E||6@Em¢|+|><| Eall=l=]

Tool Bar Iconat A.)

3 TheFillet Curve Dialog Box starts off wait- C : :
ing for you to enter the first curve of thefil- '
2 )R

let. FEMAP also uses the location on screen

that you select the curve at to determine

which of the four possible fillets between

two curves should be used. When picking o ' E> *
the top curve, move the mouse to alocation C ' C
dlightly inside the rectangle, towards the

right side of the line. You will notice theline

highlighting, giving you apreview of exactly

which curve will be picked. When you have

the mousein the position indicated, pressthe

left mouse button to pick the curve.

te:

By picking inside the two lines you are specifying afillet radius whose center will
be toward the sides of the picks. The effect of picking on the other sidesisillus-
trated below:

Pick here

Pick the center
location in the
quadrant
where you

o
Original Curves—"" C 3K )
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3 Pick theright side in asimilar manner with mouse positioned slightly to the inside, and
towards the top of the line.

4 Now that the curves have been selected, FEMAP highlights thefillet radiusfield in the dialog
box. Simply type aradius of 4.0. Press OK or Enter to create the fillet.

1 Select MODIFY - FILLET

from the FEMAP Menu. Fillet Curves ]
Curve 1 I Radius IT. W Tiim Curve 1 ¥ Trim Curve 2
Curve 2 With Center Mear KI II ZI
| C5ps [0 Eobal Rectarguiar =] | Beramsters. ‘ B

v
r
>
-
m
=
-
I
= 3
o
r
m

L.

Fillet the bottom right corner following the same procedure. When you are done, Press the
ESC key, or Pressthe Cancel button to dismissthe Fillet Curves dialog box. The model should
now look like this:

L.

We will now create the circular hole at the right side of this part.

1 Select GEOMETRY -

CURVE C| RCLE - CENTER Locate - Enter Location at Center of Circle E
from the FEMAP Menu. % [20 [ zfo Prewiew
K
v} |37 Chys IU..GIoba\ Rectangular j Parameters... | Methods ™ | | [
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2 You can enter the center
point manually, at 20,5,0 or
pick it from the screen. To
pick from the screen, move
the mouse directly on top
of the screen grid that is +
between the two center E>
points of the fillet arcs and *
oneto the left, and press
the left mouse button. You
can watch the location
numbers in the Cursor
Position Dialog Box to

ensure that you are at
20,5,0. Press OK when fin-

Ished. W
2
3 You are now prompted for Cancel |

the radius of the hole, type
in 2.0. Press OK to create
thecircle.

Press ESC or Cancel to end
Circle Creation.

&

L.

This part will be meshed by using the FEM AP Surface Mesher. The Surface Mesher is
designed to take any enclosed boundary, including internal voids, and fill that boundary with
planar finite elements.

1 Select GEOMETRY -
BOUNDARY SURFACE

Entity Selection - Select Curve[s) on Closed Boundary

Eém th gEI\fAP I\I'?mu. Gt WEEED (8 EE Select Al | FEse: | Pick * |
Isplays the 0@ ta] e = = =
Standard Entity Selection 1 = = . EM l MQP:Et:“ l EEK | I|

Dialog Box. ~ | Mors otho ance

2 Movethe cursor around in the graphics window. You will notice the individual curves high-
light as you pass over them. You can pick the curvesindividually, or, since these are the only
curves in the model, press Select All to select them. Press OK to move on.

3 FEMAP automatically detects the hole/holes in the boundary and includes them
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The boundary is displayed as a highlighted entity on top of its underlying geometry.

L.

The geometry creation phase of this example is now complete. From now on we will be creat-

ing entities directly related to Finite Element Analysis. First Material and Element Properties )
will be defined. Then Nodes and Elements will be generated automatically using the underly- ;
ing geometry. Finally Loads and Boundary Conditions will be defined on the finite el ement .Tn'
mesh. s
=
.. . . T
3.3 Defining Materials and Properties x
Before any finite elements can be created, we must first define a material. r$1
1 Sd &:t M ODEL - M ATE- Define Isotropic Matenal
RIAL from the FEMAP
Menu. FEMAP displaysthe  °F__ e |
Define Isotropic Material - Stifn Lii. 5ty MassDensiy [0
D|alog Box. You could enter Youngs Modulus, E IU— Tension . lg— Dl Gl
all the physical propertiesof ~ etesbes e jfemein b
a material |n th|s box’ Or to OIEF0n E [alo, Ny IU— 23l IU— elerence | emp =
use the library of materials [ Themel Lo Sove
included with FEMAP, Fivon ot F— Fuogtors > | E> . me_—l |
onductivty, k 0. Opg...
Press the Load Button. Specific Heat, Cp IU— Hanlinear > = —
2 FEMAP Materid Librar- py—
. . elect From Library
iesare easy to e>_(tend with Ty
your own materials. The
library that ships with as dencted =
FEMAP contains several ! E:ZAAP'?SSSE:EIIZP:F IS
common material in U.S. E021 7o Al Fote 52
(in. Ib. sec.) units. In this %%ﬁ%%%@%% Sédé
example select AlS| 4130 E> iig: 1 02e gnalh:nn Stesl
Steel using the arrow keys Staris St;Z; brrcds o
or the mouse, and Press s
OK when finished. Seach |
Al
Library. I oK I Cancel |
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3 Thephysical properties

N ! Define Isotropic Material
corresponding with AlSI
4130 Sted in traditional |1D i Tite[eis1 4130 Steed Coor[ie | paete | Loyerfi w&”
U.S. unitsfromthelibrary -~ Slifn Lirit Sty Mass Densty  [7 amE 4
W| ” be pl med |n the s bzt 12 IZSUUUUUU- sy o D amping Coefficient
Define |SOtI’OpIC Material Shear Modulus, G IW Compression ln— 0.
H Paisson's Ratio, nu 0.32 Shear 1] Reference Temp
Dialog Box. Press OK to | —
Create the Material, and Themal————— : 5o |
then Cancel to end cre- ExpansionColl. 5 [56E3 Functions > | =
. . i 5 Copy...
ation of materials. Conductivity, k |5 56552 4 Mo 4'
Specific Heat, Cp W Lﬁ'))l ok Cancel |

\ydte:
FEMAP automatically repeats any creation commands assuming that during the creation of
most finite element models that each command will be required more than once. This behavior
is designed to minimize the number of times you will need to go into the menus or use the
toolbox to access commands. This feature can be turned off in the File - Preferences com-
mand.

Element properties define the physical characteristics of the actual finite elementsin your
model. For example, plate thickness, or area and moments of inertiafor beams, etc. Element
properties also reference a materia to define their stiffness properties. We will now create a
property for the plate elements that will be used to build this model.

1 Choose MODEL - PROP-

ERTY from the FEMAP

menu. Define Property - PLATE Element Type
2 Add atitle by using the (] Tile 172" Thick AIS] 4130 Steel 2 | taterial[1 2151 2130 5teel 3

TAB key to moveto the Color W Palette Layer[y 1 Elem/Property Type

title fiel d, or by clicki ng -~ Praperty Values dditional MASTRAN Options—————————————

the mouse in thetitle Thicknesses. Tavgor 1 |0.5 Bend Stifness, 121773 [0

field. Blank or T2 |0 TShear/Mem Thickness.ts#t [0

) . BankorTa 0. Bending [0.Flae Malerial v

3 l dentlfy the M aten %hat blank or T4 [0 Transverse Shear |0..Plate Material -

Pr(t)}ggty IS . Ctlra]t d Monstructural mass/area |0 Memb-Bend Coupling |0..Mone - Ignore -

wi ressi N edown

arrow )C/)I‘E)the M gten al and  Stress Recovery [ Default=T/2 ]

select AlS| 4130 Steel we A R S S | T

Jug created Eattom Fiber [0 Copy | Cancel |

4 A constant thickness for the plate is specified in the Thickness, Tavg, T1 field. Usethe TAB
key or mouse to move to thisfield and enter 0.5.

The remainder of thefields can be used for more specialized capabilities of FEMAP and some
of the FEA solvers. For this example, we have entered all of the required information. Press
OK to create the Material, and then ESC or Cancel to end creation of materials.
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ary Mesh Dialog Box that

]
3.4 Generation of Nodes and Elements
We will now create the actual finite elements by using the FEMAP Surface Mesher.
1 Select MESH - GEOME-
TRY'SJRFACE from the Entity Selection - Select Curve(s]) on Closed Boundary
@ fdd © Remove  Exclude S
FEMAP Menu. FEMAP = | E Sekatall | beo | Pk |
will display the Standard 28 ' eeft previnus | _petee [[_ok_]
Entity Selection Dialog G I Moe | Method * | cancel |
Box, and prompt you for
the Boundary to mesh.
Select the Boundary from the screen, or use Select All. Press OK to continue.
2 FEMAP will now display -
the Generate Boundary -
Mesh Dialog Box. Node 1D 1 C5ys  [0.Global Rectangular =] e Param.. | Elem Param -
A ) Select the Property to be Elem D[4 (EO 7 Thick AIST 4130 Stec)ia A e Prop.. ;
' r— Mesh Contral Element Shap: =
uwj for the el ernents gmer- Min Elements Between Boundaries IW_ m
ated, and B.) Press OK to s El t; i |2_ Al Triangles g
generate them. There are Fa;ui:z:::;:daﬁ:nwith S R Y e ——— ;
many options in the Bound- r | s s
I:,-U— nodes, :
)
-~
m

. . Mesh Smoathing
prov' de extensive Control ’7 0 Laplagian € Centridal Max lterations  [10 Tolerance |0.007 ‘
over the automatic mesh.
For thisexamplewewill use [ < Boe |

the default settings. Defaults
have been carefully designed to generate a quality mesh for awide variety of geometries.

The part will be meshed totally automatically. The size of the individual elements was deter-
mined by the default global mesh size, that you can control. In addition, the number of element
generated along each geometric entity can be specified with the Mesh - Mesh Control - Size
Along Curve command overriding the global mesh size. In this example, the standard default
mesh size of 1.0 was sufficient and did not need to be modified. At this point the display is
fairly cluttered with the node and element numbers. We will now use some of the View
Options in FEMAP to modify the display and remove unnecessary information.
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1 PressCtrl-Q on the key-

- . . View Quick Dptions

board. Th|SW|II_ brlng up g Dt 12 Vo
the FEMAP Quick View ~ Geomel ~Mesh ~Load
Optl ons D|alog Box. ¥ Coordinate System M Force ¥ Heat Generation

. S . ¥ Paint ¥ Node V¥ Moment [ Heat Flu:
Sincewe arefmlshed with o e T e B Tharmal % Convection
the geometry side of FEA ——— 7 Elament I DistibutedLoad ¥ Radiation
Pre- and Post-Process ng, W Boundany | e :; Er:;:‘::[im ¥ Fluid Tracking
A.) Pressthe Gmmetry ¥ Volume ¥ Unknown Condition

[V Caonstraint W Welogity ¥ Slip Condi
Off Button. TO C|eal’ the V¥ Test ¥ Constraint E quation W Morlinear Force o F‘D Cun e
e'Ttlty Iabe“ng7 and Clean [ Contact 2 Bttt e F'::D;:Eund\hun
up the display, B.) Press
the Labels Off Button. C) A&l Entities On I All Entities Dff | " Entity Colors | View Colars |
Geametry On Geomety OFff
Press Done. Besst ¥
Analysis Entities On I Analysis Entities Off | m

Load Yiew
Load/Constraint On I LUad!CUnstra\nlUffJ/—?I
LabelsOn | Lsbelon <_B | Baveien
—

Your model should be displayed as follows:

T

Now would be agood time to save your work up to this point. To save amodel to anew name.

Select FILE - SAVE As from the

FEMAP Menu. The Windows oYY
Common File Save Dialog box Lokine [ Femaptet = &l

will be displayed. The dialog box o

shown hereis from Windows 95. P_schema

The dialog boxes from Windows

3.1x and Windows NT are simi-

lar. Using this box, you can navi-

gate around your local computer,

and across a network. Moveto or File pame: G
create adirectory where you wish Files of ype: :Mudal Fles [-MD] = lﬁll
to store your sample FEMAP

models, type in the name
CH2MESH, and press Save.
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3.5 Loading and Constraining the Model

Recall that we want to weld and fix the inside of the hole, then pull on the left side of the
bracket with atotal force of 5,500 pounds.

We will now add the loads and constraints required to perform a static finite element analysis,
first we must first create an empty Load Set. FEMAP supports multiple load and constraint
sets to alow you to define more than one loading condition or constraint condition for the
same finite element model.

To create the empty load

set, choos® ODEL -
LOAD - SET from the ofi Title [Loadind

menu and add a descrip-
tive name in the Title box.

Heset

Press OK to create the [ ]
Set. Cancel

Similar to Load Sets, there are also Constraint Sets for storing different boundary conditions
for your model. To create the first empty Constraint Set, select MODEL - CONSTRAINT - SET
from the menu, type a descriptive name, such as “Welded Hole” and create the empty s

310H H1lIM 31vid

Let’s first constrain the part. Constraints define how a part is held in reaction to the appl
loads. In this case we will completely fix all the nodes around the hole as if the plate we
welded to a significantly stiff underlying structure.

1 ChooseMODEL - CON- Entity Selection - Enter Nodels) to Select (]
STRAINT - NODAL fromthe | & add © Remove © Exclude solectad | Fesst | ik |
menu. Again FEMAP will o[ e[ & Provious | Do || OK |
display the Standard Entity 5., 3 Mo | Metod" | Corcd |

Selection Dialog Box.
Instead of box picking this
time, we will circle pick the nodes around the hole.

2 Zoomin on the area

around the circle. To do EVEN R
so, press the Zoom Icon q
on the toolbar.
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3 Now pick abox around
the hole with picks at A
and B.

4 Circle picking issimilar
to box picking, but instead
of pressing and holding
the shift key, you press
and hold the control key.
Thetrick in circle picking
isto make the first pick
A.) at the center of thecir-
cle and then move out to
the outside radius B.)

5 FEMAP will now fill in

L. Entity Selection - Enter Hode(s) to Select x|
:::]]2 glor?:i ﬁg;t%j}zvlz)hl n @ Add © Remove O Exclude Select Al | Resel | Pick |
’ 1D I‘ LUI Q“'h FErevinis: | Delete | Ok I
select these nodes. o - = =
Girou 2 More | Method” | Cancel |
6 Youwill now seethe Create
Nodal Congrai nthOF Create Modal Constraints/DOF E
DIa|Og Box. Press the Fl Xaj Constraint Set 1 Constraint
Button '[O COﬂStraln a“ SX | Color 120 Palette. | I__ayellw Coord Sys ID Global Rectangular j ‘

DOF
W 1= TY
~ Rx ¥ Ry

degrees of freedom at this
location. Press OK to create
the constraints. Press the
ESC Key or Press Cancel to
end creation of constraints.

5 Symmetiy | = AnhSym
| Pioned | aK
Y Symmetry ' AntiSym |
Eree Mo Botation | Cancel
Z Symmetiy | Z AnkiSym |
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The model should look like the one below. If you do not see all of your model, press Ctrl-A to
Autoscale the view.

L.

v

-

>
We will now apply aload to the model along the left hand side, in the negative x direction Fn'
totaling 5,500 pounds. s
Select MODEL - LOAD - :-I:|
NODAL from the FEMAP Entity Selection - Enter Node(s] to Select Ed :
menu. FEMAP will now % add  Remove © Exclude gelectAl\l Feset | Pick * | I9
display the Standard Df tof ) S | e [ o6 ] [
Entity Selection Box T — Moo | Mebod” | Concel |
requesting nodes.
You could pick the 11 nodes at

the end of this part one by one, B>
or instead, use the box-picking

capability of FEMAP. To box

pick, press and hold down the |

shift key, then, A.) move the

mouse to one corner of the rect- |

angle you wish to select inside |
|

of, and pressthe left mouse ] i

button and drag the mouse to

B.) the other corner of the

region. You will see a dashed

rectangle on screen indicating

the region that will be selected.

FEMAP WI ” fl” in the Entity Selection - Enter Mode[s] to Select
Entlty Sel eCtl on Dla|Og &« add  Remove © Exclude Select Al | Reset | Pigk * |
bOX Wlth the nOdeS Ins de = I‘— EOI— B’h— Erevinus | Delete | ak |
therectangle. PressOK to 7 | ,'MTI — | — |

select these nodes.
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4 FEMAP now displaysthe

. Colar |10 Palette... Layer [1 Coord Sys 0..Global Rectangular -
Create Nodal Loads Dia- |

e B
log Box. Moveto the TX e  Componenls
(Tranglation Degree of Displacement © Vecla & Constant
Enforced Ratation -
Freedom, X-Direction) velocity  Clao et
’ Fatational Velacity  Nomal to Flane :
and enter aVal ue Of nQa‘ é‘é‘t::t‘izf‘:lo»«;‘cceleralion ~ MNomal to Suiface ‘ Soeciy. I | dvenzed I
tive 500 (-500.0). Press o Load
_____________________________________________________ KE] Function Dependence
OK to create the |oads. e o RIS T
Press ESC or Cancel to Heat Generation & FR
end creating nodal loads. = —
You will now see the
loads on your model: Phass [0 [oHone =

AAAADL

h

h

Running the Analysis

The model building stage is now complete. The model isready for analysis by any one of a
number of finite element codes that FEM AP supports. Refer to the translation section of the
FEMAP User Guide and your analysis program documentation to analyze this model. Typi-
cally, select FILE - EXPORT - ANALYSIS M ODEL from the FEMAP menu. Choose the analysis
program that you have access to, set the Analysis Type to Static, and press OK. FEMAP will
then lead you through the creation of an input deck with dial og boxes custom designed to
properly set up the analysis for your particular solver.

Once you have created an input file for your FEA program, you need to run that program.

3.6 Review the Results

After solution, FEMAP can read the output results for post-processing. Reading output results
issimilar to writing the model for analysis, select FILE - IMPORT - ANALYSIS RESULTS from
the FEMAP menu, set the trandator to your FEA program, and then press OK. FEMAP will
lead you through the rest of the process based on requirement of your particular analysis code.
Onceread in, the results are available for awide array of graphical and numerical post-pro-
cessing.

If you do not have access to afinite element analysis program, the results of analyzing this
sample model are available on the diskette included with this manual. Select File - Open from
the FEM AP menu, navigate to the directory where you installed the example problemsfor this
manual. In the /examples subdirectory, open CH3POST.MOD.
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Viewing the Deformed Model

1 ChooseVIEW - SELECT

from the menu. The View -

Select command determines vewl Dot s _ :

how your model will appear ® 57D & Draw Mol  None - Model Drly & fiore - Fodel Drig

on screen. To view the cavmsa LB L e “ oo

model deformed by the A i D

results of your analysis, A) e | [T | e

change the Deformed Style e _ \

to Degform_ To Spec|fy Y XY Data. | Model Dt B > Deformed and Contour Dt |

eXaCtly what datato use for Push Deformed snd Conlow Dt o seect Dulwemt” 010 Concel |

Post-Processing, B.) Press

the Deformed and Contour

Data Button. ,'.'
2 The Sel ECt POSt- PrOC ng DI & Select PostProcessing Data E

log Box isnow displayed. Here, Wien 1 Dt 41 Vi s

you specify what datais used D‘ﬁi"ﬁ e 5

for on-screen Post-Processing. ijy,MT[ oy | ] >

Data from multiple analysis ™ Dota t Coners =R R b

runs or multiple Load Set/Con- | Dulput e fogen epmime Savae f_’

straint Set combinations will be A MSC/NASTRAN Statio 0 m

stored in multiple Output Sets. T

The combo box at A.) isused to Deformation e h s

specify which Output Set the BRI I e @ 0

resultswill be obtained from, E:> [752. e TVt s ] Bl Mo 213 e

and the B.) Deformation and C.) o et | Cot o |

Contour combo boxes are used —  Fle—— T

to choose which particular ottt e Dk | to |

pieces of output data are used

for the Deformed Style and

Contour Style optionsin the previous View - Select Dialog Box. Press OK to accept these
choices, and then Press OK in the View Select Dialog box to activate the Deformed view.

L.

Viewing the Stress Distribution

Similar to turning on the deformed plot, you can return to View - Select and change the Con-
tour Style option from None - Model Only to Contour and pressing OK. FEMAP displays the
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model with a color representation of the stress levels superimposed on top of the deformed
shape.

3726
OutputSet MS CRASTRAN Case 1 2792

Deformed(0.00085): T otal T ranslaion 1858
Contour: Plate T op Vonvis es S ress

This chapter was designed to provide you with an overview of working with FEMAP, and to
let you work through one sample problem from start to finish. The following chapters contain
different types of examplesto give you a broad range or experience with FEMAP.



Roof Truss

The above roof truss will be a simple example of modeling using both rod and L Beam ele-
ments. The symmetry of the truss will be used to reduce the problem to half the size. If you
have not already done so, start FEMAP. Select New Model when prompted, or if you are
dready running FEMAP, select FILE - NEw from the menu.

4.1 Creating the Geometry

Create Points

1 Select GEOMETRY - Locate - Enter Coordinates or Select with Cursor
PoINT from the FEMAP w0 v[z zfo Fresiew
(l;/lateglgollfr:lts.er tthO”mng o1 CGys [0.Global Rectangular = Parameters.. [ Methads * | %

Point X Y z
1 0 0 0
2 40 0 0
3 80 0 0
4 120 0 0
5 20 -30 0
6 40 -30 0
7 60 -30 0
8 80 -30 0
9 100 -30 0

10 120 -30 0
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After the last point is entered select cancel. After all screen picksyou must select OK or
double click on the last selection to complete the command or move to the next dialog
box. Press cancel to exit a command.

Press Ctrl-A to Autoscale the view.

Create Lines Between the Points

1 Choose GEOMETRY -
CURVE LINE - POINTS Fram Pair To Faint | Cancel
from the FEMAP Menu.

2 Now create 17 lines con-
necting the pointsin this

pattern.
\ A
\ﬁ/ﬁ t:
To speed cre-
ation of thelines,
select the first B,
point by A.)
moving the I_,
mouse on top of

thefirst pointin

aline (you will seethe point highlight) click once, and then moveto B.) the point at
the other end of the line and once it highlights, double-click. By double-clicking on
the second point, it will be selected, and the OK button will be pressed for you.

\Wte:

Be sure to create al 17 line segments. You do not want to have any lines crossing
other lines. During mesh generation, you are guaranteed of having nodes at the end-
points of geometric entities, therefore you are guaranteed that the finite element
model will be connected at each joint.
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These lines will be copied in the Z direction to create the other side of the truss. Since we will
be working in 3-D for the first time, let’s rotate the view so we can see the new lines that will
be generated behind the ones you just created.

Rotate the View

1 ChooseViEw - ROTATE
from the FEMAP Menu (Or view | Exarple 1

use the Ctrl-R or F8 short- &4 LI *Bo persfso |
cut keys) and you will see iﬂ ) MF et m——
the View Rotate Dialog 2l 2R ssenme R 2
Box. There are several pre-

defined 3-D views that you can select from, you may want to experiment and press some of
them. Before leaving View Rotate, press Trimetric and then OK to dismiss the View Rotate
Dialog Box.

*1 Top | Bottom I lsnmemcl Mag | ¥ Redaw

2 Bight Dimetic | Zoom. | K|

Pan | Cancel I

Copy the Curves

ssniuj] 400y

l SeleCGEOM ETRY - COPY Entity Selection - Select Curve(s) to Copy
- CURVE from the FEMAP | & sdd « Remove ¢ Exclude

menu. Press Select Allto o[ w[ [
pick all the curves inthis & e

Pick |

D Select all | Hesel I

Erewnusl LElete | OK |

More Method * Cancel
model. Press OK to con- l ! !
tinue
2 FEMAP now displays the Generation ——r
. . . eneration Options
Options Dialog Box. This box allows you to
control certain features about the new enti- Bepetiions !
ties that will be created by this generation & HlaithGighaiErfiles | 1o 2t |

command, i.e. will the new entities match - Cancel

the original ones regarding layer, color, etc.

or will they be created using the current set-

tings defined in the FEMAP Tools - Parameters command. Choose OK to accept the defaults
and continue.
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3 FEMAP now displaysthe Stan-

X X Vector Locate - Enter Vector to Copy Along
dgrd_ Define Vector Dialog Box. Bae %[0 vfo 2fn sz |
Fill in the box as shown, and Ip %[0 ¥ [o Z[z0
Pre$ OK to defl ne the vector ‘;59& 0.Global Rectangular Methads ™ I | Cancel |
and complete the copy.

Connect the Two Sides

We will now connect the two side of the truss. Again, use the GEOMETRY - CURVE LINE -

PoiNTs command, and create new lines that connect the corresponding points from the two
sides of the truss. You should create ten 10 lines.

You have completed the geometry section of this example.

4.2 Materials, Properties and Meshing

We will now create the el ements for the roof truss.

Thefirst thing we need to do is set the mesh sizes for the curves (actualy linesin this exam-

ple) to an appropriate value; appropriate in that it will keep the total number of nodes gener-
ated small enough to work in the demo version of FEMAP.
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Setting the Element Mesh Sizes

1 Select MESH - MESH
CONTROL - SIZE ALONG

CuRrVE from the FEMAP
Menu. We will press = & &l

Select All and OK to Giotp |

define the number of line
elements per curve.

2 Inthe Number of Ele-

Entity Selection - Select Curvefs] to Set Mesh Size

& Add © Remove ¢ Exclude

Selectl | Reset | Pkt |

Ereviuusl Delete | 0K |

More I Metbod"l Cancel |

ments field, enter 1 and
Pre$ OK to Continue — Mesh Size ~Mode Spacing———————————
FEMAP prompts you for 2 el @ Bz | [
more curves press Cancel * Number of Elements 1 azed " Length

! eometric Bias
or ESC to exit the com- (s —

Element Size Bias Factor |1—

mand I | ki Elermor res:

|1
L i Bl Closee] Edges l—1 > % Sl Elementsiat Start
|2

€] el Elementsiat End
I | bl Eleror Other Edaes
€ Srall Elements at Berter

I

£ Sl Elements et Both Erds Cancel

Defining Beam Property for Arbitrary Cross Section

You may not always want to use a simple Beam cross section in your model. You can define
any arbitrary cross section by either creating the corresponding surfaceinside of FEMAP or
importing external geomerty and then selecting a surface to calculate the Section Properties.

First create anew layer for our beam cross section so we can easily separate it from the rest of
the model.

5. Select VIEw - ROTATE XY Top and say OK to orient our view.
6. Select VIEW - LAYERS and the Layer Management dialoug box will appear.
A.) PressNew Layer and

Cl’eate anew |ayer Ca”ed Laper Management m
Beam %:tl on. Wiews 1 Default 2 View :

Active Layer
B.) Select SHow VisisLe [2 Eeam Section [
LAYERS ONLY. NoPick Layer .

ISSSS Construction Layer j
C.) <croll Down and Visible: Layers
changethe ACTIVE LAYER D show- |
to 2..Beam Section tio Shondil> |
D.) UsetheHIDE and SHow e
keysto orient the high- HiEEE|
| Ighted Iayer so that the Only @ Mew Laper... | Cancel
visible layer is 2..Beam Sec-
tion.

Geometry has been created on the Default and Construction Layers but we are viewing the
empty Layer 2..Beam Section.

ssniuj] 400y
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\ydte:

Up to this point all of the existing geomerty has been created on the Default and Construction
Layers. Since we just switched to viewing only Layer 2..Beam Section which has no entities
onit yet we will see only ablank screen.

Next we will turn on the workplane so that we have a reference when drawing the beam cross

section.

Select TooLs - WORKPLANE and
click On (A) DrRAW WORKPLANE
to activate it and press DONE (B).

Use CTRL-G to regenerate the

screen and draw the workplane.
Next Zoom in so that the extents of

thescreenareabout:
Xaxis=+7 Y axis=-7

‘Workplane Management
Defing Plany Move Plang Origin and
Select Plane... I Offset Distance. | Offset Origin.. Snap Options... |
Glohal Plane | Mave to Paint | Move 0id A ¥ Draw Workplane
On Surface... | Fotate.. | Align z Ay
Previous Align Y Ay B Done |

Creating Geomerty for Cross Section
Now we can use the Geomerty creation commands to draw any surface.

1 SRight mouse Click anywhere
in the Default XY view and set
your SNAP to SCREEN.

2 Select GEOMERTY- POINT
and create 6 points by left
mouse clicking on the
screen to define the out-
line of aL beam approxi-
mately where the 6 points
above are located to the
right.

]

[Eatce]

wiorkplane...

Sh
Shap to Grid

Shap to Point
Snap to Hode
Fick &l Inside
Comlmmb Y
a =
) l |
+ +
— + +
5—— + +
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3 Onceadll of the points
have been created we will 0 5

connect them with line
segments. Select )

GEOMERTY - CURVE -
PoINTs to connect the
points and create the

geomertric cross section _

4 Now we have line seg-

ments that define our

beam section but we n & pdd © Bemove ¢ Exclude :jg 21 Selectan | Rt | Pick * |
j[5] _IUI §v|1 +50 Brevi | Dielet ”TI

to create asurface. Select =, o Erevious | Delete o

GEOMERTY - BOUNDARY (27 | S I e

SuRFACE and pick each of
the curve you have just
created. Once you choose
all the curves press OK
and a boundary surface
will be created.

Entity Selection - S5elect Curve[s] on Closed Boundary [ x|

ssniuj] 400y
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Creating a New Property

1 Select MODEL - PROP-
ERTY. The default prop-
erty typeisPlate. To
change to the Beam prop-
erty wewant to usein this
example, and to changeto
adifferent element/prop-
erty typein general, press
the Elem/Property Type
button.

2 Inthe Element/Property
Type Dialog Box, change
to aLine Element/Beam
and press OK to continue.

3 FEMAP now returnsyou to
the Define Beam Element
Diaog Box. Press Shape to
define the shape of the Gen-
eral Section.

Define Property - PLATE Element Type

i

l\llel

Calor W Palette Layerh—

'all

~ Property Values

Thicknesses, Tavgor T1 lU—
bankorT2 [0
bankorTa [0
BankorTd [0
Monstructural mass/area lU—

Elem/Froperty Type |

Additional MASTRAN Options

Bend Stifress, 12073 [0
Tshear/Mem Thicknesstsit [0
Bending IW
Transverse Shear |0..Plate Material -
Memb-Bend Coupling lm

 Stress Recovery [ Default=T/2 ]

Tap Fiber ID— Load... | Save... | 0K I
Bottom Fiber |0 Copy. | Cancel |
Element / Property Type [ %]
I | Paratioliz Elements:
- Line Elemen - Plane Elemen
" Rod € Shear Panel
 Tube  Membrane
" Curved Tube " Bending Only
B € Plate
§ it 2  Laminate
€ Link € Plane Strain
" Curved Beam © Plot Orly
" Sprin
I . —Yolume Elements
¢ DOE Spring
" Gap € Awisymmetric
Pl Ong £ Solid
i~ Other Elemenl
 Mass
 Mass Matig € Slide Line
" Rigd  Contact
" Stiffness Matrix
Element katens Wrientation I Ok I
Formulation I Cancel |
3] Title [Beam Malenall = |
Color [T _Palette | Lapet[T Elem/Froperty Tupe. |
— Property Valu — Stizss Recovery (2 to 4 Blank=S quars]—
I~ Tapered Beam Erd & EndlE v z
Arsa. 4 [0 0 Enda1 [0 [
Moment of Inertia. 11 or lzz [0 0 2|0 0.
oo [ a0 o
112 orlzy [0 0 40 @
Torsional Constant, J [0 0. EndB 1 lD— lD—
¢ Shear Area [0 0 o
Z Shear Area [0 0. .
0. 0.
Monstruct mass/length [0 0. P ] —
‘Warping Constant [0 0 -
 Neutral s Offset [0, 0. — Load.. |  Save. | copu. |

Z Neutral Axis Offset [0

o 3/) Shepe... | 0K | cancel |
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4 Now we can select the
surfaces you have chosen
for the cross section.

A) Scroll down the Shape
Drop-down list and select
the type of beam as GEN-
ERAL SECTION

B.) Press Surface to
select the surfaceto use as
the cross section.

C.) Using the mouse
select the Cross Section
Boundary surface we
have just created.

D.) Definethe Orientation
Vector for the sur-
face.This vector orients
the Y-Axis of the cross-
section. Enter a vector
coincident with the Y-
AXis.

E.) PressOK and FEMAP
will calculate the section
properties

5 FEMAP now returns you to
the Define Property Dialog
Box which now includes the
calculated values
Since we have yet to define a
Material, there is nothing to
select in the Material field.
Press OK to continue.

6 FEMAP determines that
we have not specified a
Material for this Property
and asksif youwould like
to create one. Press Yesto
create aMaterial.

Cross Section Definition

|A Shape | General Section... 'l
Z

~Sige

i Stress Recovery
"1
W 2

[V Reference Poirt (L

Mext W 2 Mext
Mext [ 4  MNext

r— Orientation Direction [y

Material 0 does not Exist.

0K to Create?

© Left * Right
¥ | Chiange Shape Daown
¥ Compute Shear Center Offset
™ Compute % arping Caonstant Ok Cancel
1D
_ 3
I Cancel |
Yector Locate - Define Element Drientation Yector Ed
e %[0 [0 z|o. Preview |
D 2HT ‘e =@
LCSyz |0 Global Rectangular VI Methads ™ | | Cancel |
Define Property - BEAM Element Type %]
L1 Title [ aterial] =
QE\DIW Palette: Layerlz— Elem/Property Type... |
~Property al - Stress Recovery [2 to 4 Blank=S quare] —
I~ Tapered Beam EndA ErdE ¥ z
Area, & [755 Jo Erda1 [+831554  [0457235
Moment of Inertia, 1 orlz2 [21.32451 [0 2 [0eeadsE  [0.457295
2ol [7.019239 [0 3 [0eeadsE  [-2.042708
2orlzp[B712003 |0 4 [+831584  [0.442705
Tarsional Constant, J 2123621 ([0
Erdg 1 0 0
¥ Shear Area |4.251271 0. 3 ID— ID—
Z Shear Area |3.000183 0. 5 l—U l—U
Monstruct mass/lsngth [0 0 ) ol
‘warping Constant |0, 0.
¥ Mevtral s Oifset [1 306715 |[1.306715 Loag. | Ssve. | Com. |
Z Neutral Asis Offeet [0.595354  [0.595354 ‘ Shape.. ] ok | Cancel |
FEMAP [ <]

ssniuj] 400y
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7 FEMAP displaysthe
Define Isotropic Material
Dialog Box.

A.) Press Load to access
the material library. When
the Select From Library
box appears,

B.) select AISI 4340
Steel,

C.) press OK in the Select
From Library Box, and
then

D.) pressOK inthe
Define Isotropic Material
Box to create the material.

8 FEMAP returnsto the
Define Property Dialog
Box with the Material ref-
erencefilled in. Press OK
to create the property.

9 Select VIEW - LAYERS
and reset the active layer
to 1.. Default View.
Once again use the SHow
and HiDE buttons so that
we can view our original
model.

Use VIEW-REGENERATE
to rebuild the screen and
CTRL - A to auto scale
the part.

At this point we have defined the property to use during meshing and the size of the ele-

Define Isotropic Material

|jDI1— Tl Cor|s | Paleite | Lol Toee. ||

B select From Library B3

YO | ibrary Entry

Mass Density

—

D amping Coefficient

o

he | [2is1 4340 Steel

s B |
15-5PH Stainless H10L

17-4PH Stainless H1025

2024-T351 Al Plate . 25-5

EOB1-TEST Al Plate . 25-2.

7050-TEST Al Plate . 25-5

Cor | | 7075-TES1 Al Plate . 25-5
Ti-BA-4Y Sol Tr & Aged

Spe | 4151 1025 Carbon Steel

AIS1 4130 Steel

Stairless Steel Annealed

M agnesium 242318 ;I

Search
| l—

All

Library. I oK C cel |

Reference Temp

i

Save

Copy.

[

Cancel

Define Property - BEAM Element Type
o1 Titls] Material[1. 4151 4340 Steel =l
Lalor [110 Falgtte Layer[z Elem/Property Type...
- Property Valu ~Shiess Becoveny (2 to 4 Blank=Squars)—
[~ Tapered Beam EndA ErdE ¥ z
Area, 4 [755 [o EndA 1 [4831554  [0.457295
Moment of Inertia, [ orlzz [21.32451 [0 2 [ogesass  [n.a57298
2ol [7.019299 [0 3 [oeeesds | [2.0az708
112 orlzy 6712003 |0 4 [1831554  [0.442705
Torsional Constant, 4 [2123621 [0
ErdE/T [0 [
Y Shear Area |4.251271 0. 5 ID— lﬂ—
Z Shear Area [3.000183 0 3 l—U .
Nonstruct mass/lsngth [0 [ Y ol —
‘wiarping Constant |0, 0.
¥ Neutial s Offset [1 306718 [1.306718 Load. | swe. | Cop. |
Z Neubial &xis Offset [-0.595354  [-0.595254 shape.. | T BE ] Cancel |
Layer Management
Wiew 1 Difault 3 Yigw
Active Layer
© Show Al Layers 1..Diefaul Layer |
% Show Visible Layers Orly NoPick Laper
5339, Construction Layer |
Hidden Layers Visible Layers

2..Beam Section

New Layer.

Showy &l >
<- Hide
<- Hide Al

ak I Cancel

mentsto generate, now we can mesh the part.
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Creating the Mesh

We will first mesh the longitudinal curves with beams whose properties were defined in the
previous section. The second meshing section will then demonstrate meshing the cross-braces
with rod elements.

1 To mesh the curves containing beams select
MESH - GEOMERTY - CURVE. Once the selec- _—
tion dialog box appears, select the darkened //
curves shown to the right by using your mouse. //

/
/
/
2 The Geometry Mesh Options _
dialog box then appears. Choose sl =
. r~ Node and Element Option:

the Beam PrOpefty l]USt created NodelD [2 CSys  [0.Global Rectangular | = dleie Hodes: Noge Param..
under Property to mesh with this EemiD [ Puopers | ﬂé op.. | Elem Param.
property. You can accept al Genera Clemert Sham
other defaults and press OK. ® Mews e ClEE EEE

@ BlemerizadNotks || Do : ::iga :: i::.i:;.i _ Coned |

3 FEMAPthen promptsyou
to define the orientation

:
vector that definesthe Y — e 2
axis of thebeam. Itis e %o v z[o =

important that this vector ‘sts [ eroaFecorgda =] | Methods " | ‘ =
be identical to the one

used to define the cross-
section properties, other-
wise analysis results may
be incorrect. Use an orien-
tation vector along the Y-
Axisand press OK.

4 Toview theL Beam ele-

ments with there cross
section select VIEW - View 1 Default 3y View
OPTIONS and set iz Show Diientation T
¥ Labels, Entities and Color
g3 Element Sh
A.) Category to Labels W b e e DT::Ma::Tme
Entities and Col ors 1~ PogtProcessing 1..5how Fiber Thickne:
2..Show Inertia B atio
Optiohs 3 on
H Label Parameters -
B.) Optionsto Element Concnts S 2 colorMoce
Orientation/Shape o W_
Curve - Mesh Size 1..Use View Colar
Surface
Bound
C.) Element Shapeto olue iew Color
. Test =
Show Cross Section Hods 2 Ealete
Nade - Perm Constraint
Element
Element - Directions
D.) PressOK. Elemst - Dftsots/Releases
Element - Drientation/s hape
Element - Bearmn T-Axis

Load Yectars ;I Apply

Quick Dptions.. kil | [ 0K |

ssniuj] 400y
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5 Usethetool bar acrossthe

top of the screen to chose
A ViEw Styleand
¢| E|=

+—1 |+
[ g H

1= Bl=E <| 2 G|

wireframe

Hidden
and . Solid

Fiender G
C.)Select RENDER Eil

Shading
The display show look Shiink
similar to (7) below. v Difsets

Orientation

B.) Check on SoLID

Options...

6 Sincewearenow inren-
der mode, dynamically
rotate the model simply
by left clicking in the
graphics window and E>
dragging the mouse. This
will rotate the part around
XY. If you want to rotate
around Z, Pan, or Zoom,
simply hold the Alt, Ctrl,
or Shift key down, respec-

tively, when you first :
press the left mouse but-
ton. E>

7 With the cross-sections of
the beams drawn, you can

tell if thereis an incorrect Elelehn - Selec Eeel[s] to Update Direction . x]
orientation. Someof the = T bl*_ - [Eee [
beams might be oriented ! i . Bevos | oo || |
withtheL sectionfacing ¢ & rore | Metpod | _Concel |
outward rather than

inward (asin 7 above).

To modify the orientation Update Element Directions
EeLIgAtEMN_?SD_I ':E-vléngTE * Beverse Normal Directiors

salect the elements and Al Mormals Outward

then choose A. Reverse & Al Maormals Irward

Normal Direction. If you

select the appropriateyele. € Align First Edge to Yector

ments, your display

should look similar to the oK Cancel

one below (B), with all L =

beams pointing inward.
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Wi W

te:

The order in which you picked the points to create each of the curves will determine which
direction the cross section will face. Therefore, you may need to use the reverse command on
elements different that the one shown in the previous picture.

wt‘:
The incorrect orientation could have been avoided by defining the mesh attributes originally
aong the curve. The Mesh - Mesh Control - Attributes Along Curve command allows you
to define the property, orientation of the cross-section along the curve, and any offsets before
you mesh the curve. This command, including offsets, is used in Chapter 9, Cylindrical Sup-
port. Thus, you could have avoided the M odify - Update Elements - Rever se command

above.

Rod Mesh

The above section meshed the longitudinal curves with beam elements. The remaining curves
connecting the longitudinal curves aswell as the cross-braces will now be meshed with rod
elements (all curves except those that were just meshed with beams).

ssniuj] 400y

1 Sedect MESH -
GEOMETRY -
CURVE from the
FEMAP menu. Use
the cursor to pick
al of the curves
showninboldinthe
diagram (the cross-
braces, aswell as
the connection
between the two
rows of beams).
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2 FEMAP now displaysthe

Geometry Mesh Dptions x|
Generate M ed’] optl ons —Mode and Element Option:
Diaog Box. Since we only Node 1D [67 Csys  [0.GlobalFectangular =] I Meig=({oes | NodeParem_ |
Creataj the General %C- Elem ID IES Property I'I..GeneralSet:t\on ;$ Mew Prop... | Elem Param... |
tl on property and do nOt —Generate———— 1| = ElEment Shape
have arod property avail- - o OleE e
able, we will need to create focks p ;" ’ yedne ) LefiBias Cancel |
anew property for the S e o e

upcoming elements. Press
the New Prop. Button.

3 FEMAP now displaysthe

Define Pr v Dial Define Property - BEAM Elament Typs [x]
ine Property Dialog
Box. The previ ous prop- D g Title| 3 gIf 14151 4340 Steel =l
Color [T1n | Palette... Layelh— Elem/Property Type
erty we created was a
B y t i~ Property Y alus —Shiess Becovery (2 to 4 Blank=5quare]
eam type. I~ Tapered Beam End& EndE v z
Area, 4 [0 Jo. Endt1 [0 o.
To change to the Rod Moment of Inertia, 11 ot l2z [0, o 2fo [
property wewant to usein 2orlyy [0 [ 3o @
this example, and to l12ertay [0 £ 4o o
change to a different ele- Tfsh‘; - — IE— B o
ment/property typein - real— — 2 0
general, press the Elem/ Mot .ZShE:' :m - 4l I
orstiuct mass/len ,
Property Type button. e lu— - -
¥ Neutial s Dffset [T Load. | swe. | Co. |
2 Newtal s Ofset [T l— Shape.. | [ 06 ]| camcel |

4 Inthe Element/Property

Type D|alog BOX, Change Element / Property Type Ea
toa I_| ne EI anmt/ROd I= | Parebalic Elements
type and press OK to con- e Element Flane Element
tl nue. @ ¢ Shear Panel
" Tube " Membrane
' Curved Tube ¢~ Bending Oy
" Bar " Plate
" Beam " Laminate
 Lirk " Plane Strain
€ Curved Beam = Plat Only
" Sprog . ~Walume E lements
" DOF Spring
i Gap o Aiisymmetric
 Plot Only " Solid
- Other Element:
© Mass
 Mass Matrix " Slide Line
 Figd " Contact

€ Stiffress Matris

Element ateral Hrientation | Ok I

Formulation.. | Cancel |
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I
5 FEMAP now returns tO the Define Property - ROD Element Type El
Define Property Dialog Box, i
however the input options B Title |2 Diarnter Rod Al bt 25 3905 =]
now repr t tho&? ra:]ui raj Colar {110 Falette. .. Layer|1 Elem/Property Tyge...

for a Rod element/property.
Fill in the box as shown,
entering

A.) “2in. Dia. Rod" for a
title,

B.) 3.14 for the Area,

C.) 1.57 for the Torsional
Constant,

Property ¥ alu

Area, QIS.M Coeff. for Torsional Stress [1
Tarsional Constant, J|1.57 Monstiuctural mass/length |0

Initial Tension [Cable Only) ID

Load. | Save

Cancel |

| _con. |

D.) 1.0 for the Coef. for Torsional Stress.
Since we have already defined a Material we can chose it in the Material field. Press OK to

continue.

8 You are now back at the
original Geometry Mesh
Options Dialog Box with
the Property reference
filled in. Press OK to gen-
erate the rod elements.

9 To reduce the amount of
information displayed,
use the FEMAP Quick
View Options, Ctrl-Q.
Once the View Quick
Options box appears:

A.) Press Labels Off to
turn off all entity labels

B.) Geometry Off to turn

off display of the underly-
ing geometry since it will
no longer be needed.

C.)Press Done to execute
the new view options.

The display should now
look like the figure below.

Geometiy Mesh Dptions
~ Mode and Element Option:
Mode D [1 CSgs  [0.GlobalReclangular > | 7 Herae e MI
Elem D [1 Froperty [1..2" Diamster Fiod =l [P ] Flem Batem |
~ Generate Element Shape—————————
) et 1 Biaht Bias Ok
€ Nodes £ i o p —
Edgel LLeft Bigs
& Elements and Nodes | Guad ) ) Caned
€ Erich ™| Alternte Tiri
View Quick Dptions
View 1 Default XY View
Geomer Mest ~ Load
¥ Coordinate System ¥ Foice ¥ Heat Generation

¥ Paint ¥ Node ¥ Moment ¥ Heat Flux

| Curve ¥ Pem Canstraint ¥ Themal ¥ Conwection

¥ Sufscs ¥ Element ¥ DistibutedLoad ™ Radiation

W Pressuie
v
W Bowrday | - gihers W Accelraion ; E'”ET'ECE”QH_I
nknown Condition
e W Constraint & Veeely ¥ Slip Condtion
F Test ¥ Constraint Equation :; SD"‘I‘"M Foce o LanCuve
¥ Cantact e ¥ Periodic Condiion

Al Entities 0} N\ & Entitiez Off

Eniiy Colors | View Colors |

Geometry O B / Geomety Off

Analysis Enfitiss O | Analysis Ertities OFf

Eesat View

Load/Constrai N\ Load/Canstraint Dff

Load View.

Labeks On A )

C
Save View..

Labets Off

ssniuj] 400y
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Each linein this model now has either rod or beam elements along it lengths. Since they were
generated independently, there will be multiple nodes at the end of every line coincident with

the nodes generated for the other lines that also end in the same point. In the world of FEA,

these structural members will not be connected. To effectively “sew” the model together we
will use FEMAP’s ability to check and optionally merge coincident nodes of a model.

Merging Coincident Nodes:

1 SelecfTooLs - CHECK -

Entity Selection - Select Node([s) to Check
CoINCIDENT NODES from

the FEMAP menu @ Add 7 Remove O Exclude ﬁelectAI\l Ressl | F'igk”l
) lD ‘ fo =) (BSOS EIEtE
FEMAP prompts you for a I—J_I I‘ o D“ﬂ' x|
list of nodes to check, - oo | Mabd | _Cored |
press Select All and then
OK to continue.
2 FEMAP now asks if you would like to select another

range of nodes to merge. If we answered yes to this qu
tion, FEMAP would require us to select another batch ¢
nodes. The significance here is that the second range ¢
nodes would be merged into the first. In a finite element
model where you are trying to keep a certain node numbering arrangement, this feature
allows you to control which node numbers are kept (the first set selected), and which could be
potentially merged away. Since this example does not have any specific node numbering
requirements, press No and nodes will be merged without any consideration to numbering.

3 The Check/Merge Coincident Dialog
Box is now displayed. Since this com-
mand is titled “Check” Coincident

OF to Specify Additional R ange of Modes to Merge 7

Check/Merge Coincident

 aimum Disgtance to Menge 0.001

L. Options Fieporting
Nodes, it is just that a check. If you o I_DL' P
. . : v List Coincident Entities
took the defaults, it would just check T
and list to the Message and Lists Win- T
dows which nodes are coincident. To
actually merge the node, check the _ Coreel |

Merge Coincident Entities box. Press
OK to continue.

Coincident nodes will be merged, connecting all rod and beam elements of this example
together.
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4.3 Loads and Constraints

Since Loads and Constraints are Set based, you must create an empty Constraint Set before
defining any actual constraints.

Create Empty Constraint Set

1 Select MODEL - CON-
STRAINT - SET from the
FEMAP menu. Fill in the
Title and press OK to cre-
ate the empty set.

Create or Activate Constraint Set

b1

Title ISymmetry and Fixity

Beset

Cancel

ik FEd

Create the Boundary Conditions - Symmetry and Fixed End

To simulate the symmetry of this part, we will constrain the four nodes that are at the halfway
point of our structure. In this model, we are defining symmetry across the X-Plane through
these four points. By imposing this type of constraint condition, we are actualy introducing a
stiffness exactly equal to the structure modeled, just mirrored about the X-Plane.

1 Select MODEL - CON-
STRAINT - NODAL from
the FEMAP menu.
FEMAP prompts you for
the nodes to constrain,
select the four nodes at A,
B, Cand D. PressOK.

2 FEMAP now promptsyou
for the constraint condi-
tionsto apply to the
selected nodes. You could
control the constraint of
each degree of freedom
individualy in the DOF
box, or use the built in

Entity Selection - Enter Node(s] to Select
@ Add " Remove ( Exclde [+3

{bN] o byt :gz

Select Al | Reset |

Fick ” |

Ereviuusl Delete | oK I

More I Melbud"l

Cancel I

ssniuj] 400y

Create Nodal Constraints/DOF

Constraint Set 1

Symmetry and Fixity

| Color 120 Palette... | Layg,h Coord Gys |0 Global Rectangular - |
DOF 2 ws ;
2 Symmetry  AntiSym
| e | e
o ' Symmetry ¥ AntiSym
I B Ry T A2 Free Mo Botation Cancel |
Z Symmetry Z AntiSym

quick keysto apply common constraint conditions. For this example press the X Symmetry
button to apply constraints that impose symmetry about the X-plane. Press OK to create the

constraints.



4-1 8 Roof Truss

3 FEMAP automatically
prompts you for more
nodes to constrain. Select
the two nodes A and B at
the left end of the truss.
Press OK to continue.

Entity Selection - Enter Node(s] to Select x|
@ fdd O Remove  Exclude +45 Select All | Reset | Pick ~ |
(] o by |1 I
o Frevious | Delete | 0K
E i) o More | Method * | Cancel |
4 Agal n, the Create Nodal Create Nodal Constraints/DOF [x]
Congra' nts Dl al Og BOX IS Constraint Set 1 Symmetry and Fixity

dlspl ayed Thisti me, we ‘ Color|120 | Palette. | La}'57|1 Coord Sys |0 Global Rectangular 'l |

will fix these nodes. Press
DOF P

the Fixed button, which e _sSymaty | Kanisym =

H H = ' Symmetry ' AntiSym =
WI” toggle a” SIX dwrws ¥ B2V RY W AZ Fiee | o Hotation | = Cancel
of freedom to constrained, Zgey || 2
and then press OK to con-
tinue.

5 Sincewewill beloading

) 3 . Entity Selection - Enter Node(s) to Select
thIS p‘f"rt In the negatl_ve Y @ add © Hemove € Exclide Select &l | pest Pk * |
dlrectlon,_ this part WI|| S el | 'B T
aso require constraint E’mup lﬁ ’_M—I " Al E_ ‘ |
against movement in the e R
g|0ba| Z dlreCtlon and Create Modal Constraints/DOF H
wa nst a” rotations. TO Constraint Set 1 Symmetry and Fizity
mhle\/e th|S, we WI” con- | Colar |120 Palette... | I__ayerh Coord Sys ID..GIDbaIHeclangulal 'I |
strain all nodes against ooF

. R . 8 X5 1 b
translation in the Z direc- Ty iz K D Pitned Ky | @
i w
tion. ¥ R RY ¥ RZ Fres Mo Raotation s Cancel
A.) Press Sdlect All in the ey | 2o |
Entity Select Box and then

B.) Press OK. FEMAP now displays the Create Nodal Constraint Dialog Box,
C.) Press the No Rotation button,

D.) Toggle the TZ Degree of Freedom, and

E.) Press OK to continue.

5 Since some of the nodes aready have constraints,
FEMAP asks you whether to overwrite or combine,
press No to combine. Again FEMAP will prompt
you for more nodes to constrain. Press Cancel or the
ESC key to dismiss the dialog box.

FEMAP
Selected Constraints Already Exist.

0K to Ovensrite [No=Combine]?

HNao Cancell
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The constraints are displayed as small triangles.

Since al labels were turned off back in the geometry creation phase, you will not see any
labels on the constraints themselves. If you were to turn the constraint labels on, you would
see the actual degree of freedom numbers displayed for each constraint.

Loading the Model

We will now apply aload in the negative Y direction to simulate something hanging from this
truss. Again, like constraints, loads are grouped in sets. Before creating any |oads we must cre-

ate a set to hold them.
Loads will be placed along the bottom nodes at the symmetry plane of the truss. To create the
load

%&t M ODEL - LOAD B Create or Activate Load Set
SET from the FEMAP S

menu. Similar to the Con- of Lite arial oo

straint Set previously cre- Beot |
ated, enter aTitle and

press OK to create the
new empty Load Set. Cancel_|

ssniuj] 400y
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1 Select MODEL - LOAD -
NopAL from the FEMAP
menu. FEMAP prompts
you for the nodes. Select
two nodes, at A and B.

Entity Selection - Enter Mode[s] to Select Ei
@ add  Bemove 0 Exchide  [+B1 Selectall | Resel | Figk” |
1o I\ znl =0 ] |—|
. Bresious | Delete | oK
Girzup 2 Mo | Method* | Cancel |

2 FEMAP now displaysthe
Create Nodal Load Dialog

LCalor |10 Palette. | Layer|1 Coord Sps IU..GIUba\F\ECIangu\ar - |

Box. By default the load o et
Type is set to Force. Enter B on £ Verlor & Copstant
-200intheTY field to cre- el velochs . onafue £ Varate
ate a200 pound Ioad In the g‘;‘t::lli‘zf;iloﬁ;‘cce\eratmn € Nomal to Surface | Specly l ‘ Sdvenzed, I
negative Y direction. Press ~Load

OK to Cr%te the |0ajS. ;Iaal ™ - IU- Walue ;:::l\un Depen\:lsn-:ej
Again, FEMAP automati- Heat Generation B ;jm :I |

cally promptsyou for more = PR

nodes for load application.

Press the ESC key or the Phass [0 [6-Hare =

Cancel button to terminate
creation of loads.

Thismodel is now complete and ready for analysis. Again, you may save the model now, com-
plete with the loads and boundary conditions applied for later analysis.
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4.4 Advanced Loading

Previously we applied a static load to our roof truss. In this section we will apply aload that
varieswith timein preparation for aNASTRAN Transient Dynamic Analysis. We will now
create atime varying load to obtain aresponse history. The load will be a sinusoidal load with
afrequency close to the natural frequency. We have already performed amodal analysis and
determined that the first mode natural frequency is closeto 51 Hz. If necessary, open
CH4DONE.MOD in the /examples subdirectory.

Create a New Load Set

Inthe current model, Load Set 1 containsthe static loading. We must first create anew load set
to define our time dependent loading and Transient Dynamic Analysis setup information.

1 %a:t M ODEL - LOAD ) SET from the FEMAP l:leale or Activate Load Set
menu. You will seethefirst Load Set that was

previously defined. To add another Load Set, A 1te| ‘
A.) Typea2inthelD Field, and B.) Typeanew 1 Uriled P

titleinthe Title field. Press OK to create the
empty set.

Cancel

Create the Magnitude vs. Time Function

Before we can define atime varying load, we must first create a FEMAP Function that defines
the multiplier at each time step. We will use direct transient analysis, 1200 steps, atime per
step of 0.00005 and output interval of 40. The number of steps and time per step gives atotal
time of 0.06 seconds which corresponds to about 3 cycles. To create atime-dependent function

1 Select MODEL -

FUNCTION from the
FEMAP menu | I f1 Title[3 Cycles 51 Hz Tome [T vs Time Al =

N

» -Time *r - Factor Diata Entr
0. 0. i’ - -
A) Set the Type _Of Lo Loteses SngleYake " EdkPhae ]
Function to vs. Time. 0.0001 0.0320388 € LinearBamp " Edit Magnitude ('] Delta % [00005 D
000015 0.0480479
00002 00540446 ' i % Vaiiable [+«
5’

Function Definition

. . 0.00025 0.080025
B.) Selection Equation 00003 0095347 %000 ¥ [sin1+°360°51) E

0.00035 o9z

0.0004 0127826
under Data Entry. 000045 01437

Ta¥ [0.08 T

0.0005 0.159537 | |
0.00055 0175332
. . Mare Delete Fgssat
0.0006 0191083 F — — =
Wewill now definean [oooi”  oisices > I| o |

equation for X=0.0to  [omo7  nizeam Lot | see | G |

: 000075 0 236025 Carecel
X=0.06, first, 00008 025355 o G | Pa

C.) set the X and To X values asto 0.00 and 0.06, respectively.
D.) Next, since we want 1200 steps between 0.00 and 0.06, enter a Delta X of 0.00005.

We now need to enter the equation. You will notice that the X variableis defined as x, there-
fore in our equation, we will use the Ix FEMAP convention for accessing avariable.

E.) Typein the equation: sin(!x* 360*51).

F.) Press More to see the function values calculated. Press OK to create the function and con-
tinue. Press Cancel or ESC to exit the command.

ssniuj] 400y
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To view this function, and make certain that it represents the sinusoidal time history that we
want, do the following:

1 ChooseVIEW -

View Select
SELECT (F5 or CtrI-S) Miew 2 Unlitied
from the FEMAP Eagl Madel Gty Deformed Styl Cantour Sityh
menu. A) Change the £ s [ " Draw Model (ﬁ': gnre—MndeIDn\y i Ennte—Mnde\Dn\_v
XY Styleto XY of ) s St Cheauss | ;:i:::a pe E:l::'
Function. You will ; i: :'s:iue ; E:ﬁ::j'::i’;n:ne ) S Lia oL T —

i - r 1 entn 1 (snGutane
notice the Push Model ; = © Trace € Sestion Cut
Data..to select Funﬁ' 4 = Fiesfece ||| sipnemeton | [0 vesin
tion text appear at the
bottom B) Pug'] the et | B&odngata... I Defarmed &t Eantaur Data).. |
M odd DaIa. button. Push Model DY to select Function, Ok I Cancel |

2 Inthe Select Model Data
for View Dlalog_ BOX' Select Model Data for View E
select the Function that vew 2 United
wejust defined and then Load Set
press OK to return to the ’75' Active © None © Select | d
View Select Dialog Box. Constraint/DOF Set
Press OK in the View [(-‘ dctive © Mane © Select | =]
Select Dialog Box to view B
the XY Function plotted {(‘ fctive & None € Select | =
on screen. ——
[ Select  [1..3 Cycles - Sine 51 Hz 2 | -
0K I Cancel |
An XY plot of the function will now be displayed:
- [
VAR [T\ /N
[ ] [ 1Y [T
il \ / \ / \
vs ] \ [ \ / |
] \ / | \
[ \ \ \ /
/ \ / \ [
. / [ \ /
. | / / /
. | / \ / /
| / \ / \ /
. \ [/ \ [/ \ 1/
\ [/ \ 1/ \ [/

3Cvdes - Sine 51 Hz

To return to the regular model view,

1. AccessVIEW - SELECT either from the menu or press F5 or Ctrl-S.
2. Changethe Model Style back to Draw Model.

3. Press OK to redraw the model.
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Create the Time Varying Load

Creating atime varying load is almost as easy as creating aregular static load, with the addi-
tional step of attaching afunction toit. To create our time varying load:

1 Select MODEL - LOAD -
NobAL from the FEMAP
menu. Just likewe didin
the static loading exam-
ple of Chapter 4, pick the
bottom two nodes A.) and
B.), and press OK to con-
tinue.

FEMAP will now display
the Create Nodal Loads
Dialog Box. Again, simi-

lar to applying a static
load, C.) enter avaue of - Create Loads on Nodes =
. . Load 3et 1 Untitled
100.0in the TY fleld To Color[i0 Pelete Layer[T  Cood s W‘
attach thisload to afunc- - =
. = =
tion, move to the Temp/ £ omeonens S
Time/Freg. Dependence ey €t e  arate
. oltational Veloct ormal bo Plane
field and D.) select the oot ton P W ||| e
function that we just cre- Towodes [ D:l
Heat Flux W [13Cycks-sneSiHe
ated. Press OK to create e Bemersicn Cz — .
the loads. Press Cancel to 2 —
end creation of nodal
loads. Prese T e =]
Cancel

ssniuj] 400y
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Set up the Transient Dynamic Analysis

In addition to atime varying load, atransient dynamic analysis also requires some additional
input that defines the analysis. We are going to specify 1200 steps, atime per step of 0.00005
and an output interval of 40. The number of steps and time per step gives us atotal time of
0.06 seconds which corresponds to about 3 cycles. The output interval of 40 will give us 30
data sets. Set the overall structural damping coefficient to 5% of critical or 0.05.

Select MODEL - LOAD -
DYNAMIC ANALYSIS
from the FEMAP menu.
A.) Choose Direct Tran-
sient as the solution
method and Enter:

B.)0.05 as the damping
coefficient.

C.) 1200 for the Number
of Steps,

D.).00005 for the Time
Step

E.) 40 for the output inter-

val.

Press OK to set the
Dynamic Analysis
options.

Load Set Options for Dynamic Analysis

Load Set 2
“@ Method

Transient Loading

A ¢ Diect Transient ¢ Modal Transient

" Diect Frequency € Modal Frequency

— Equivalent Wiscous Damping Fesponse Egsed an Modes:
Humberafitodss 0
Overall Structural Damping Coeff (G] 0.
Lowest Frea (He] 0
Iod ! Damping Tiable 0.Hone [ -
FIng Highest Freq|(Hz] 0.
i~ Equivalent Yiscous Damping Conversion Transient Time Step Intervals
Mumber of Steps 1200
Frequency for System Damping [w3 - Hz) IU.
I_ Time per Step .00005 D
Frequency for Element Damping (W4 - Hz| 0.
Rl ping [ ) Output Interval 40

= Freguency Eespor

Eandam snalpss Uptitne——————

|

Salution Freguencies IU..Nune j &L IU..NDne j
M bdel|Freg | Enforced Motion. | Advanced I Copy. |
Cancel

The model is now ready for transient analysis. Refer to the translator reference for your partic-
ular analysis program. Save thismodel if you wish. A completed versionis availablein the/
function subdirectory titted CH4FUNC.MOD.



Pressure Vessel

In this example we will take advantage of the axisymmetric nature of this and most pressure
vessels and analyze the part using axisymmetric finite elements.

In the previous examples we created geometry completely inside of FEMAP. Many times,
geometry for your part may already exist in a CAD system. In this example the geometry
required for building the finite element model will be imported.

Again, first start FEMAP and create anew model, or if FEMAP is already running, select
FILE - NEw from the menu.

5.1 Import DXF Geometry

The geometry for this example was created in AutoCAD. From AutoCAD, the geometry was
exported as an AutoCAD DXF file. DXF files are a popular means for transferring geometry
between CAD programs and desktop publishing packages. To import the geometry:

1 Select FILE - IMPORT -
GEOMETRY from the
FEMAP menu.

2  FEMAP will now display
the Windows File Open ——— =
Common Dialog Box, — = :
maneuver to the directory e de @ 4
where the examples for A
this manual are stored, go
to the /exampl e subdirec-
tory, and A.) select
CH5.DXF, and then B.)

Press Open to b@l n File name: |Eh5 def Open I G
i mportl ng the gmmdrl c Files of bype: IA” Geometry [“SAT 3 T 1G5 =5TP" ‘STLLI Cancel

information.
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3 FEMAP now displays
DXF Read Options Dia-

_ DXF Read Options
log Box. This box con-
tains various options to
control how the informa- Dfaces a2 Elements
t| on |n the DXF |S reaj |n ™ Read Palygon Ma?hes as Elements
. V¥ Read Blocked Entity References

and aored n FEMAP' ¥ FRead Trace Boundaries

nce an t e au tS V¥ Create Trace Centerlines
Once again, the defaul
have been desi gnaj to V¥ Fiead Colors and Layers
work best in the gena-al First Layer Mumber I‘\
situation of importing ~Frocessing Options
geomary, therefore, ]USt I Merge Coincident Paints
press OK to continue. Hirinum Distance [0.007

Loew ] o |

8 5 20 2
2
2 2|2
n
6

18
@0 17
+'2

2

If the |abels for the points and curves that make up the geometry of this example are displayed,
use the FEMAP Quick View Options (Ctrl-Q), and turn off all labels.

)
C
— iy

The geometry section of this example is complete, representing the simple import of existing
geometry that will later form the basis of your finite element.
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5.2 Material, Property and Meshing

We will first set the global mesh size, then view it to verify that the mesh spacing is appropri-

ate.

Set the Global Mesh Size

Select MESH - MESH
CONTROL - DEFAULT
Size from the FEMAP
menu. Enter aSize of 0.25

Default Mesh Size [ %]

Size
: D E
Min Elem

Cancel |

as shown, press OK to [

continue.

The global mesh sizeis not displayed on your model by default. To turn on the mesh size pre-

View:

Select VIEW - OPTIONS from the FEMAP
menu (shortcut keys are F6 or Ctrl-O). The
View Options Dialog Box is displayed. View
options are divided into three specific catego-
ries as shown in the figure to the right. Make
sure that

A.) The Category is set to Labels, Entities and
Color.

B.) Switch the Option to Curve - Mesh Size,
and then,

C.) Change the Show As option to “2..Symbols
(all curves)”.

Press OK when completed to update the view.

You should see small diamonds along each of the geometric entitiesin FEMAP. These dia-
monds indicate where nodes will be created during any automatic meshing commands that use

this geometry.

View Options
Wiew 1

Category

& Labels, Enlities and Color

© Tools and View Style

€ PogtProcessing

Default = Yiew

Options

Label Parameters -
Coordinate System

B Paint

Boundary

| Color Mode:

|D .Enlil% Colors

Yolume
Text —
Node

Mode - Perm Constraint
Element

Element - Directions
Element - Offsets/Releases
Element - Qrientation/Shape
Element - Beam ' -Axis

Load Vectors

Duick Options... Chk+Q |

“Wiew Color
|123 Palette...

Diraw Entity W
Show As

0.5ymbals Only
1.5Size and Bias

2. Sumbols [all curves]

3..5ymbols and Count

QK | Cancel |

v
]
m
(/]
7]
c
A
m
m
(7]
(7]
m
r
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Create a Material

Select MODEL - MATE-

RIAL frOm the FEMAP Define lsotropic Material
menu. A.) Pressthe L OAD ‘lD 1 Title[15-5PH Stainless H102 | Color [104 | Paletie.. [ Layer|1 Type... ‘
button and choose 15-5PH  siitn Li St Mass Doty [FET™
Stainless Steel from the foungs Madulus, E - [25500000 Tension  [145000 Damping Cosffiient
FEMAP matenal ||b|’ary Shear Modulus, G 11200000, Compression |143[|[|5_ 0.
Press OK to return to the Poisson's Ratio, nu lr Shear W Fieference Temp

. . . 70
material creation dialog ~ Thermal _

. ] &

box. The phyS'(:al proper- Expansion Coeff, 8 [5.2E-6 Funclions »» | e j _ save
tieswill now befilled in, Fanduetivly. ke [213807 4 Norineat 2 _ om |
B.) Press OK to continue, SpecficHeat, B 40572 s F—

and then ESC or Cancel
since thisisthe only mate-
ria required in this model.

Create the Axisymmetric Property

We will now create an Axisymmetric Property that references the 15-5 Stainless material that
wejust created.

Select MODEL - PROPERTY
from the FEMAP menu. Ini-
tialy, the default Property

Define Property - AXISYMMETRIC Element Type

b Title [Ausisym. 15-5PH Material[ 1 15-6FH Stainless H1 x|

Type is Plate' A) pre$ the Colar IHT Palette Layerh— Elem/Property Type. |
ELEM/PROPERTY TYPE Load... | Save... | Capy... | Cancel

button, and select Axisym-
metric for the element type.
Press OK to return to the property creation dialog box. Fill in the Title as shown, select the
15-5PH Stainlessthat we just created as the material, and press OK to continue. FEMAP now
prompts you for the creation of another property, press Cancel or hit the ESC key to end cre-
ation of properties.

Create a Boundary

This shape could be broken down into simple geometric regions for mapped meshing, but it is
much easier to create a FEMAP Boundary Surface and automatically mesh the whole part.

1 Select GEOMETRY -
BOUNDARY SURFACE

Entity Selection - Select Curve[s] on Closed Boundary

f h FEMAP M @ Add 7 Remove O Exclude Select &l | Feset | Pick |
rom the enu. o I EDI =0 ) Brevious | [Velete | 0K I
FEMAP prompts you to o -
Group 2 Mare | Method” | Cancel |
select the curves for the

boundary, Press Select All,
and then OK to continue.
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L =/

Boundary Mesh
We are now ready to mesh the part.

1 Select MESH - GEOME-
TRY - SURFACE from the
FEMAP menu, A.) select :§\
the Boundary from the v
graphics window and B.)
press OK to continue. As
an dternate, recall that E><
you could simply double-

Possed

click on the boundary,
which selects the bound-

ary and accepts the selec-
tion immediately.

Entity Selection - Select Surfaces to Mesh

& gdd © Remave  © Eachide Select Al
lotl) I LOI Q"'IW Efesaus
(Eif A Mare: |
2 The Automesh Surfaces

D|alog Box how appears_ Automesh Surfaces x|
A ) wect the AXIsym- ~MNade and Element Optian:

MNods D [1 CSws  |0.GlobalRectangular =] Param.. | Elem Param..

metric Property We]ua ElemID [1 Property |1 Awispm. 15-5PH = A Frop.
N—

created in the Property

v
~
?

- Mesh Contrel - Elemert Shay
BOX’ and B') Change the Hir Elements Between Boundares: [ ! ‘é
Element Shape option to Maw Elemert Aspect Riatio B Ll AL C] o
; -  Quadks [ when sl intenal angles are within T m
A“ Tl’lang|es. I¥| Guick-Cut Bounderes withimare e lm— deress of 90 degrses | <
C.) Check the box for Fast ] = m
TI’I M ed’] al"ld Press OK to - Mesh Smoothing——————————————— 3
enerate the ma’] 1% | aplacian May lterations  [20 m
9 C Certraidal  SmoothTa  [oom LCE'I -
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Usethe FEMAP Quick View Options (Ctrl-Q) and turn off |abels and geometry. The mesh will
look like:

The meshing portion of this example is now complete.

5.3 Loads and Constraints

In the previous examples every step of creating the model geometry, finite element data, loads
and boundary conditions was detailed. We will now assume that you have acquired sufficient
proficiency in FEMAP that you will require |ess step-by-step instructions.

We will now constrain the vessel and apply an internal pressure load.
Create Empty Load and Constraint Sets
Similar to the last example, create empty load and constraint sets.

Constrain the Model

We will constrain this model at its base. Since this model is axisymmet-
ric, thereis no need to apply any loads and constraints out of plane. We
will constrain the bottom nodes along the flat edge against vertical
movement.

1 Select MODEL - CONSTRAINT - NODAL from
the FEMAP menu. When the Create Nodal
Constraint Dialog Box appears, select the four
nodes along the bottom of the part. You can
select these nodes individually, or use the
method of box picking previously described in
this manual.

r
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2 Constrain these nodes in
the vertical direction by

. Create Modal Constraints/DOF
toggling the TY D_OF box. iz 1 Untited
Press OK to Contlnuel and | Color|120 Palette. I Layerh— Coard Sps IW ‘
then Cancel to end the oOF — —

X el il try AntiSpm
Create - Constraint - i Fied | Pinee ik oK
iy = o= Y Symmetry | AntiSpm |

Nodal Command. [ R Ry [T RZ Free | Mo Rotation Cancel

Z Symmetry Z AntiS ym |

Applying the Internal Pressure Load

In an axisymmetric model, a pressure load is applied along the edges of the axisymmetric ele-

ments. Be careful when applying an internal pressure to an axisymmetric model, some analy-

sis codes require a pressure load per radian, while others want a pressure load per degree. Be

sure to check your analysis code’s documentation and verify which convention is appropriate.

Since the load is applied to the edges of the elements, in addition to the element number itself,
FEMAP requires you to specify which face of the element gets the load. Here we will use a
FEMAP feature that makes applying loads to the outside of an axisymmetric or solid model
very easy - the Adjacent Faces method.

1 SelectMODEL - LOAD -

E f Entity Selection - Enter Element([s] to Select Ei
FII_ElEVIMAE;l'm;nLOIS\/en G add C Remave  Exclude gelectall | Fes | Pigk” |
! o IW EDINI E"'IW Previous | Delete | oK I
though we only want to o
Graup = Mo | Method* | Cancel |
apply a load to the ele-

ments that border the inte-
rior of this part, we will first select all elements, and then narrow this selection down with the
Adjacent Faces Method. Select all the elements and then press OK to continue.

2 In the Create Elemental

Create Loads on Elements

Loads box, enter a pres- LoadSet T Unitd
Color [10 Palette... Layer |2 (aord Sps 0..Global Rectangular ¥ ‘

sure of 100.00 and press [ 4

~ Direction Method
. Distributed Load - o

OK to continue. P —| ol Bl Fce
Temmwa """""""""" £ ecion & Constant
ikt N o 1 G v © Wariable
Heat Flux 2 Hormel o Plane:
Conveston 33 el Suies | || e
Heat Generation

“Load

Value Furction Dependence
Piessure [100 [0 Mone >

Phase |0
I At Carmers Cancel

v
%
m
7]
7]
c
A
m
m
7]
7]
m
r
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3 A.) Changethe Method to

. Face Selection for Elemental Loads [ <]
Adjacent Faces. B.) Now "
. i ) ethod Selection Info
cl!ck in the Face Box, th|s_ P N —( 2 o |
will move the focus (flashing ® oG . =
CUrSOr) tOtthace box. Since " Near Coordinates Coord Sys |0.Global Rectangul ¥
the focusisin the Face box, ¥ Adfscent Faces @ Oy €2

when you now select from the
graphics window, FEMAP
will know that you are trying
to pick a particular face.
Moveto the graphi cs window
and C.) pick one face on the
inside of the part. You will
see that face that you choose
highlighted. Make certain
that it ison theinside of the
vessel. Now move to the tol-
erance field and enter avalue
of 85.00. Press OK to gener-
ate the loads. Press Cancel to
end the creation of elemental
loads.

The Adjacent Faces Method simply
walks connected free faces (or edges
inthiscase) until it getsto aconnected
free face that exceeds the angle toler-
ance. In this example, by entering a
very large angle tolerance of 85.0
degrees, al theinternal faces are v
selected right up to the corners along

o
the Y Axis. To go around this corner, ¥
an angle of 90.0 degrees or greater
would be required as a tolerance.

i

/3

The model is now complete and ready
for analysis. You can save it now for | /
later analysis, or simply use the pre- [
made version CH5DONE.MOD in the
/examples subdirectory when the time
Comes.
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The above handle represents a good model for solid elements. The curved shape and rounded
profile together with the variable loading conditions would not be possible to achieve with
other types of elements. Because we are limited to 300 nodes in the demo version wewill only
model half of the handle and with alower mesh density than we would like for normal analy-
sis.

You must be licensed for the PARASOLID Geomerty Module and have it
active (under Tools - Advanced Geometry) to complete this example.

Again, start FEMAP or start a new model from an existing FEMAP session.

6.1 Creating the Geometry

Importing the Curve Geometry

Once again the geometry for this example has been created for you. It isasimple series of
curves that were created in FEMAP and written out as a neutral file. To import the base geo-
metric data:

1 Select FILE - IMPORT - FEMAP NEUTRAL from the FEMAP menu.
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2 FEMAP displays the standard Win-

dows File Open Dia|09 Box. Read Model From FEMAP Neutral =]
Maneuver to the /examples subdi- Look ni [ 3 evarmpies ol @ = E @
rectory and A.) select the ChEgeom.NELI A
CH6GEOM.NEU file, and B.) Press comedNEL &
Open.

Fils nams: | — B

Files of type:  [FEMAP Neutral [~ NELL=FND) =l Cancel

3 TheFEMAP Neutral Read Options Dialog Box isdisplayed,
providing severa optionsfor how to treat the incoming data.
Accept the defaults and press OK to continue.

Neutral File Read Options
—Entity Optiong—————————————

¥ Read Geomety Model
I¥ {Head Analysis Modsf
¥ Fiead Output

i Model Merge Options

pofiset [0

To modify the view to view the three dimensional nature of the imported geometry, use the
Dynamic Rotate button on the FEMAP toolbar.
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Rotate the View

1 Pressthe Dynamic Dis-
play button on the toolbar.

2 FEMAPdisplaysthe
DynamiC Dlsplay dlal()g Dynamic Display

box at the bOttom Of the [Alt] [ Chl ] (Shit] W Single fxis AuteCenter | ,D—KI Cancel I
Screen. & [Fotzie®r © RotateZ © Pan C Zoom [ Modelres — —

3 Todynamically rotate your
model, move the cursor
inside the graphics window,
and then pressand drag it | eft

to right and up and down.
Thiswill dynamically rotate
the model. By pressing and
holding the Shift key, and
pressing and dragging the .

mouse up and down, youcan .

scaletheview dynamicaly. . .

Using the Ctrl key in combi-

nation with pressing the left
mouse button and dragging,

you can dynamically pan the view. When you get the model in an orientation similar to the
one shown, press OK or the Return to key to leave Dynamic Display.

— X

04 02 0 02 04 06 08 1 12 14 16 18 2 22 24 26 28 3

We will now create the surfaces that represent the outside of this part.

Create Surfaces

The surfaces that represent the outside of this handle will be created with the Geometry - Sur-
face - Aligned Curves function. Geometry - Surface - Aligned Curves takes curves alignedin
the same parametric direction and construct a lofted surface between them.

1 Sd ect GEOMETRY - Entity Selection - Select Curve(s) to Loft Surface through. x|
SURFACE - ALIGNED * add © Bemove ¢ Exclude Select Al | FHeset | Pick * |
CURVES from the L - — - preveis | | mee [[_ox_J
FEM A P M enu. FEM A P Byl | - More | Method * | Cancel |
prompts you for the

curves. Select All and
press OK to loft the sur-
face.
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The surfaces are now
defined. It is also necessary
to mesh the end of the part
so that a complete enclosing
triangular surface mesh can
be generated. Wewill do this
with two FEMAP Bound-
aries. For each of the closed
curve ends, select GEOME-
TRY - BOUNDARY SUR-
FACE from the FEMAP
menu, select the curves at

¢ one end, repeat the com-

’ mand and select the other.

The geometry portion of this example is now complete.

6.2 Materials, Properties and Meshing

We can now mesh the sur-
faces and boundariesjust
created. This part will be
solid meshed with the tetra-
hedral automatic mesher.

Thefirst step in asolid tetra
hedral mesh isto create a tri-
angular surface mesh that
completely encloses the
solid. Thistriangular surface
mesh is used as the starting

«  point for the volume mesher
which fillsthe interior of the

triangular surface mesh with elements. In this exampl e the solid mesh command automatically
creates the surface mesh needed for the solid mesh and deletes it when the solid mesh is com-

plete.
Mesh the Surfaces

1 Choose MESH - GEOME-
TRY - SOLIDS FROM SUR-
FACE from the FEMAP
menu. Press Select All to
mesh all the surfacesin
this model. Press OK to
continue.

Entity Selection - Select Surfaces to Mesh

& Add ¢ Remove ( Exclude

123 N1 N1

Select All | Reset |

Erewousl Delete | oK |

More I Mslbud"l

Cancel |
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2 FEMAP now displaysthe

Automatic Mesh Sizi ng Automatic Mesh Sizing
Dialog Box. A.) Change i SEr

the Element Sizeto 0.4 Element Gize 5 2
and press OK.

¥ Replace Mesh Sizes on Al Curves

¥ Min Elements on Edge 1
¥ MaxAngle Tolerance 5.

¥ MaxElem on Small Featwe |6
Max Size of Small Feature 0. 330568

¥ Mapped Meshing Refinement

Caneel

3 Since no material has
been created FEMAP

prompts you to make one. e =]
You can enter in values or E - Com[F5 Pt | Lol e |
press the Load button to S LS . MaseDonsty [0
- - RIS ensian D amping Casfficient
bring up the material Sheatoths G |7 e [ e
| | br ary Poisson's Ratio,nu [0 Shear o ] Reference Temp
- Themal 0
Expansion Cosff,a [0 Furctions 33 _I
Conductivity, k o
4 Themateria library
shipped with FEMAP N -
. . elect From Library X
contains materia proper- T —
tiesusi ng Engllsh units 70751651 Al Plate .25-5

IS 4340 Steel

(Ib, ft, sec). You can cre-
ate your own materials
and store them in this
library or create your own
library. For thisexample

T55FH Stainless H1025
17-4PH Stainless H1028
20347351 Al Flate 255
B051-TEST Al Flate 252
050TES] AlFlale_25.5

51 AJF

Magresium AZ31 L‘
select amaterial from this
library and press OK. s |

Al J
e el

\Wte:
Remember, there are no unitsin FEMARP. All dimensions must be kept consistent with
the unit system you use to define your material properties. Always make certain your
units are consistent from the beginning of model creation becauseit is extremely diffi-
cult to fix inconsistencies in units once the model is built.

5 PressOK inthedefine
material dialog box when
the properties have been
| oaded.

3T1ANVH
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6  Theautomesh solids dia
log box appears. Leave
the values as the defaLllts
and pr% OK . Mode ID |1 CSys 0. Global Rectangular v Mode Paramn. Elem Param.
ElemD [ Popety [ Oniled  ¢] | NewPren Options
Mesh
( ;m?;:z:::”“ Tet Growth Ratio [15 tol Ei’;l |
7 FEMAPasksyouifitis
OK to mesh boundary
FEMAP

surfaces. Inthis casethey
are part of the solid so

Do you realy want ta mesh Boundaiy Surfaces ?

“You have selected hoth Boundary and Other Surfaces. Press N to Skip Boundary Surfaces

press Yes.

Press Ctrl-Q to bring up the FEMAP Quick View Options Dialog Box. Select Geometry Off,
Labels Off and press Done.

AT AN e
AVZE VN V2w TRV,

5
Y
\

LN
\\\,".

I\

=
A7
2

\

The model is shown in wire-frame mode. As your models become more complicated, itis
often necessary to view them with their hidden lines removed. To do so:

Switch to Hidden Line Mode

1 Choose View - Select
from the FEMAP menu

(shortcut keys Ctrl-Sor View Select
View 1 Defaull %Y View
F5). Press OK to con- wr Madel S . | Deforned St Cantour Sy
tinue. B v  Drapt Hodel & Here - Hedel Oy || 451 Hone - bode Ol
" Features ) DEform ) Gartan
%1 vs5el ey
 ick Fidden g | € Arimeie £ Ciferia
s 2
- € FulbisdenLine | € Arimatediuigzt &BeemDiag=m
£ 157 ys Bosiion
 FreeEdge el £ 5B uave
:  Free Face £ Tince £ Gechon
O 5o P 1 o e B
i et i et oy loele |
|
WD Model Data.. | T At e, |
[ [ | Cacel |

FEMAP now displays your model sorted back to front, effectively hiding elements that are
behind other elements.
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6.3 Loads and Constraints
Use VIEW - SELECT (F5 or Ctrl-S) and change the Model Styleto Draw Model.
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Constraining the Model

Since this model usestetrahedral elements, the individual nodes only use translational degrees
of freedom. We will first fix the base by constraining all three translational degrees of free-
dom, and then constrain the right side with an X-Symmetry boundary condition.

1.
. Box pick the nodes along the bottom side of the handle. Press OK.
. Congtrainthe TX, TY and TZ degrees of freedom. Press OK.

. Box pick the nodes along the right side of the handle. Press OK.

. Pressthe X-Symmetry button, or just constrain the TX degree of freedom. Press OK
6.

a b~ W DN

Select MODEL - CONSTRAINT - NODAL from the FEMAP menu.

Press Cancel or use the ESC key to end the Create - Constraint - Nodal command.

Loading the Model

A load will be applied to the center of this handle in the plane of symmetry. Since we are
applying aload in the plane of symmetry, we are effectively applying twice the load that is
input. To apply the load:

1.
2.

3

Select MODEL - LOAD - ON SURFACE from the FEMAP menu.
Pick the edge surface the right side of the handle (the plane of symmetry). Press OK.

. We want to apply atotal load of 5000 pounds. Select aload type of Force. Enter avalue of

5000 inthe Z direction. Thiswill apply atotal force of 5000 pounds on the surface. The
load will be expanded to the nodes during translation. Press OK to create the loads. Press
Cancel to end input of nodal loads.

This model is now ready for analysis. As usual, you can save it, or use the model provided.




Groups, Layers, Viewing
and PostProcessing

This chapter isabreak inthe model creation format of the manual and instead dealswith many
of the model manipulation commands. These commands are useful in any FEMAP model so
review them carefully.

In addition to the numerous Pre- and Post-Processing options provided by FEMAP to make
the generation and interpretation of FEA easier, FEMAP aso providesawide array of viewing
optionsthat 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 controlsthe top level display options. With View - Select you can control whether
your model isdisplayed in hidden line or plain wire-frame mode, turn on and off stress con-
tours, animations and deformed plots, etc. View - Options provides the detailed control over
how entities are displayed, i.e. what color elements are drawn with, whether or not labels for
nodes are displayed, whether or not perspectiveisturned on, etc. View - Options also provides
extensive control over the display of post-processing options that is more fully described later
in this chapter.

Groupsand Layers:

By using groups and layers, you can segment your model into smaller, more manageable, dis-
crete pieces. These pieces can then be used to minimize the amount of information presented
in the graphics windows or in printed reports by specifying which group will be seen or which
group will be used to create areport. Groups and layers also make it easier to manipulate,
update, and apply loads to your model.

Throughout this chapter the
following model will be
used to demonstrate the
grouping, layer, and view-
ing capabilities of FEMAP.
If you wish to follow the
upcoming examples, load
the model now. Start
FEMAP move to the /exam-
ples subdirectory in the
directory where the exam-
ples for this manual were
installed, and open
CH7WINGMOD.

The model represents an extremely simplified version of an aircraft wing. The model is con-
strained at its base, and loaded vertically at the front and back spars with nodal loads. It con-
tains multiple materials, properties, and element types. We will use the various grouping,
layering and view options available in FEM AP to better understand the model and its analysis
results.
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7.1 Working with View Select and View Options

View Select
View - Select provides top

View 1 Defaul 3 View level control of how your
Y Syl Model Sty | [ Dsformed St Contour Syl modd is diSp| ayed_
9 D % G Hiodel 15 | e - e Dl ) Hore el
595 5oL ©)Esdues 9 Defem &) Cmion; We will concentrate on the
- " Duick Hidden Line | | € Azt it
s Bt = 1
e - :‘ lgue " Full Hidden Line ) Arirate-buliget €5 Beam Diagram M Odd 3yl e and M Odel
s Position

Data optionsin this section.
The XY Style, Deformed
Style, and Contour Style
options will be discussed

" Free Edge € Yect ] [sBurtace
€ race £ Gection ut
= | Sl Defammation =)ot

Werarmed ardiEantatniiEta: |

€ Free Face
€54 of Fumetion |

™ Render

o ey | Model Data.. |

Cancel |

Secti

later in the Post-Processing

ion.

FEMAP provides numerous styles in which you can display your model. Each style provides
certain benefits. Choice of the best style depends upon what you need to accomplish. The fol-
lowing table describes all of the styles, their advantages and disadvantages:

Table 1:

Syle Description Advantages Disadvantages
Draw Simply displays | Fast. Everything visi- | Complex 3D models
Model ]all entities. ble. Usually best can be hard to visual-

“working mode”. Good ize. Entities drawn on

for screen selection. |top of each other may
make it difficult to
locate a particular
detail.

Featureq Draws all entitiesFast. Results in a plot| Not usually appropriate
Lines of the sameg which only shows colorfor screen selection.
color, which over- boundaries. With Resulting display
lap, alternately | proper color assign- | depends on your colo
draw and erase | ments can show prop{ choices.
themselves. erty or material

boundaries.

Quick ] Sorts all elements,Good for final display | Not usually best for

Hidden Jthen displays fromand visualization of | picking - many entitie

Line the back of view. | complex 3D models. |are not visible. Does
Only shows enti- | Can be helpful for not properly remove
ties which are visi-screen selection in | hidden lines for some
ble - hidden lines | complicated models. |elements (see Full Hig-
are removed. den Line).

Full Same as Quick | Same as Quick HiddepSame as Quick Hidden

Hidden [ Hidden Line, but | Line. Line. Slower than

Line does additional quick hidden line due
checking to prop- to the additional check-
erly remove all ing required.
hidden lines.
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Table 1.

Syle Description Advantages Disadvantages
Free Finds and dis- Can quickly point out | Not appropriate as a
Edge plays all element | holes or disconnec- |working mode. Really|

edges which do |tions in your model. |just intended for chec
not join to anothe ing your model.
element.

Free Finds and dis- Can quickly point out | Usually not used for g

Face plays all element | disconnections betweemworking mode.
faces which do natsolid elements. Intended for checking
join to another elg-Reduces complexity gfmodel.
ment. solid model plots. Can

help to find duplicate
plate elements.

Render | Turns on OpenG|lFaster graphics. Not all view options/
drawing mode. It| Dynamic rotations of | styles available in thig
is either on or off | shaded solid models. | mode.
and another view| Extra postprocessing
style must still be| features for solids.
selected.

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 therefore
somewhat slower, they can often be the best approach to understanding acomplex model. This
isespecidly true for 3D models. After you make the first hidden line display, FEMAP retains
adisplay list of the sorted information. This dramatically speeds up redrawing hidden line
views. Refer to the View Redraw and View Regenerate commands for more information.

For Solid Element Models, you can a so use the Free Face option
to simulate a hidden line view. In fact, you can even use this
mode to show hidden linesin a different 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,
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then go to the Free Edge and Face option and set the Free Edge Color to “Use View Color”.
Finally, choose the color and linestyle that you want to use.

Selecting Data for a Model Syle
You can control what portions of your

model are displayed by any of the mode I o 1 i
styles by pressing the Model Data com- | -Loadse:

mand button in the View - Select Dialog |# © Nore © Sekct | =
Box. The Select Model Data for View Constgaint/DOF Set
dialog box will then be displayed. [r—* delve O Nore  Seket | =

Here you can choose the Load Set, Con | Grow
straint Set and Group which will be dis- P S @I ee | -l
played in the view. By default, whatever | functen
load and constraint set you activate will { seleot | =
be displayed. You can however eliminate T
loads and/or constraints by choosing the £
None options, or you can Select a partic-

ular set for display whether or not it is active. If you choose the Select option, you must spec-
ify an existing set in the appropriate drop-down list.

Cancel |

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.

The final 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 this is obviously an
XY style of plot, you must choose the function to be displayed from this dialog because itis a
display of model information - not postprocessing information like all other XY plotting

styles.

Example Using View - Select

Instead of walking you through View - Select option by option, we encourage you to use
CH7WING.MOD and experiment with how the various option affect the model display. To do
S0, go to View - Select in the FEMAP menu (shortcut keys Ctrl-S or F5, and change the model
between the various Model Style and Model Data options.

View Options
The View - Options command in FEMAP provides detailed control of the display of all enti-
ties in the FEMAP graphics window(s). Each view in FEMAP is independent, and the View -
Select and View - Options changes will affect only that view, unless you select the All Views
option. The quickest way to assess how View - Options can help you tailor the display of a
finite element model is to experiment with the various settings on our sample wing model.
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If you have not already done  «
so, or if you haveand already  © \
significantly changed its dis- /\
play, open CH7WINGMOD

in the /examples subdirectory

of the example problems for )\ P
thismanual. Use VIEW - 5%<<ﬂ%
SELECT, and change the
Model Styleto Quick Hidden \ku\

Line:

This model will now be uti-
lized to demonstrate some of
the available choices under View Options.

Using View - Options
In the following walk-through we will adjust several of the options that control the details of
how afinite element model is displayed on screen.

Select VIEW - OPTIONS from the FEMAP
menu. The View - Options dialog box isdis-

. " View Options
played. Some highlights: View 1 Uriitled
 Categary Label Prefix m
A.) Category - View - Optionsis divided E> : i:ilfﬂi::lﬁ:m Label Font
into three distinct categories. In this portion € FogiProcessing
of the manual we will look at the first two: Ontions : }i,‘iimé 32222225 El
(1) Labels, Entities and Colors which con- IR B
. . . . 0oradinake apstem olor/Backgroun:
trols how the individual geometric and anal- Pore
B g . . rve B
. Yiew Color
ysisentities wi Il be displ ayfed, and (2) Tools Curve - Mesh Size TN |
and View Style which provides control over Vame o
. . exl =
some broader aspects of how amodel isdis- Bounday A pz Palets...
ode -
played. Asyou change between the three Nose - Pem Consai
. . . B IEment
categories, you will see thelist of available Element - Directions
. Element - Offsets/Releases
options change: Element - Drisntation/Shape
Element - Bearn ‘r-xis C
Load - Force:
Lpply i]
Buick Options... Ctil+ oK Q/ el

B.) Theindividual optionsthemselves are displayed in the Options Box. Once you have
selected a broad category in A, you then move to B to choose the particular view option that
you wish to adjust.

As you move from option to option you will notice the controls on the right side of the dialog
box will change to reflect what aspects of the current view option are available for modifica-
tion.

C.) The Apply button alows you to preview the changes you make to the View - Options
before returning to FEMAP. As you adjust various optionsin the View - Options dialog box
you can press Apply at any time to see what effect they have.

D.) The OK button will update the display based on your changes to the various options and
return you to FEMAP.

E.) Cancel will return you to FEMAP without any changes you have made to the View -
Options.
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2 Wewill first change the View - Options to dis-

play the elements based on their property color. o Poons___
Make sure that the Category is set to Labels, - Category e o
Entities and Colors. & Labels Eniies and Color || oo
A.) Change the Option to Element. ° e o =
B.) Change the Color Mode to 3..Property Col- — 2 Fropaty =
ars. Cabel Parameteis =
C.) Press Apply to preview the changes. ol System (I |
Cave
Curve - Mesh Sies 2. Fropeily Color:_(@in}
Surface 4. Material Colors
. \{2‘:."13 View Color
te' Ell;téﬂedaw — |‘|24— Palette...
Initially, elements were displayed with E> e _Pem Conctai
the color model set to “Entity Color”, Elomen Do elsases
therefore, each element is displayed E:"m;igmt%/s e
based on its own color which is held _
inside FEMAP with the element itself. By e

changing to “Property Colors”, FEMAP

draws each element based on the color of that element’s property. This capability
is very useful for visualizing how the various properties in your model are distrib-
uted, and to guarantee that elements reference the appropriate properties.

Now that multiplecolorsare &

being used to display the ~
elements, areaswhere ee- el \<\
ment edges overlap will be > \<\/
the color of the last element ) T < N
drawn. A View - Option that L gf > >\ N
can make the elements ‘/)/ TN
clearer is Shrink Elements. N
I \
3 A.) Changethe Category to Toolsand View e
3yle Wiew 1 Untitled
r— Categor,

ption Oré < C |

B.) Change the Option to Shrink Elements.
C.) Inthe upper right corner you will notice
a “Option On". Toggle it to the checked
position to turn on Element Shrink.

D.) Press Apply to see the effect.

" Labels. Entities and Color
' Tonlks and View Ghyle
" PogtProcessing

Options

Free Edge and Face

Fill, Backfaces and Hidden
Filed Edges

Shading
Perspective

te:

This toggle control will be found on
almost every option in view options.
A shortcut for toggling isto double-
click onthe Option itself in B. If you
double-click on any “option” in the
Options list, it will select it and
reverse the state of this toggle.

Steren

View Legend

View Awes

Origin

Workplane and Rulers
Waorkplane Grid

Clipping Planes

Symbaols

View Aspect Fatio

Curve and Surface Accuracy

Shrink. Ta %

e

Guick Display Apply

| ok I Cancel

Buick Options... Cil+0

D
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The model isnow displayed .«

with the element shrink a =
turned on. Shrinking the ele- %%
ments makes it easier to see OOQ >

longer overlap. In addition,
thelineelementsrepresenting
the caps of the spars and ribs
are now visible between adja
cent plates. Elements are
drawn by default by their out-
line only, to view the ele-
ments filled in, we will turn thefill on.

<
the now colored property <z Q
boundaries since elements no } OOO @@Q S
| —

To turn thefill on, againin the Tools and

. . View Options
View Style _category, change: _ — Ui
A.) the Option to Fill, Backfaces and Hidden. - EetemEp S 5
B.) Toggle the Fill On in the upper right hand " Labek, Erites anaColot | giiiore,
corner, and O Tz s 05 how &1 Faces
. " PogtProcessing 1 Skip Sn\id Backlaces
C.) Press Apply to preview the changes. 2 5kip Solid and +Plate
Options 3.5kip Solid and -Plate
Free Edge and Face
Shiink Elements Hidden Line Options
Fill. Backiaces and Hidden - —
Filled Edges (.Free Faces + All Others
Shading 1..Free Faces Only
Perspective 2.Draw Al Faces
Steren
View Legend
View Axes
Origin
"Workplane and Fulers
"Workplane Grid
Clipping Planes
Symbols
Wiew Aspect R atio
Curve and Suface Accuracy
Quick Display ok
Buick Options... Chil+Q | oK I Cancel |
te:

The View Option Fill, Backfaces and Hidden actually combines three separate

view options. In this command, the “Fill” part of the title refers to the toggling fill
on or off for elements and surfaces, the “Backfaces” part is controlled by the sec-
ond box, and controls which faces of a model are considered in a hidden line plot,
and the “Hidden” part refers to the third box which provides some additional Hid-
den Line Options. Several of the individual view options are grouped this way to
reduce the overall complexity of this dialog box.
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The model is now dis- u

played with the elements = >
“filled” with their prop- :
erty color.

Asyou can see from the View - Options Dialog Box there is an enormous amount of control
over how your model is displayed. Describing how each option affects the display of your
model is beyond the scope of this manual. Detailed descriptions of each option can befoundin
the FEMAP Command Reference, and in the on-line help. At this point we encourage you to
try the various options and see how they affect this sample model.

7.2 Groups and Layers Overview

Some main points about groups and layers that will help you understand them better:

Q Each entity in FEMAP can have only one layer reference.

QO An entity can be in more than one group.

Q Only one group can be displayed, by itself at one time.

QO Any combination of layers from noneto all can be displayed at any time.

QO A model can have only one “active” group at a time.

O 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.

Groups are designed to mimic how FEA models were numbered and arranged when there
were built by hand. For example, in the aircraft industry, a model of a complete aircraft would
be very carefully numbered. All the nodes and elements at a frame at a particular location
along the fuselage would be numbered in such a way to clearly identify them as belonging to
that frame. FEMAP grouping makes it very easy to isolate portions of a finite 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 being over-
laid to produce a visual image.

Clean Up the View

Again, open CH7WING.MOD in the /examples subdirectory where the examples for this man-
ual were installed.
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The wing model will come up with all entities on, and all labels on, in wire-frame mode. To
clean up the display:

Press CTRL-Q to access
the FEMAP Quick View

. . View Quick Options =]
Options. First, turn off Vew 1 Dl Viow
everything by ~ Geomet |— h ~Loag S
p—_— e ¥ Coordinate Spstem ¥ Force ¥ Heat Generation
A.) pressing All Entities BRe 7 Node 7 Womert % Heal Flux
¥ Pamm Constraint ¥ Themal ¥ Conwection
. v Cury
C P Eement ¥ Distibuted Load W Padiation
B.) Press Labels Off to suiy ~ A o —
turn Off a” |abe| | ng. ¥ Boundary —Others T AsecoeEn ¥ Fluid Tracking
C.) Togalethe El t I ¥t F# Carstraint F# velosity g ;n kgnwgt.cmdmm
) Ogg etne elemen ¥ Test P Constant Equation || W NorinearForce - F‘D ;" en
selection box to turn only | core P Cigacoment e
elements on.
Al Entities O A>AH Enitez 0| :
Pre$ Done to return to | Entity Colors | Wiew Colars
Geoomety 0= Geomety O
Beset Vi
FEMAP. Analysi Enlties On | Analysis Enties OFF | ﬂl

Lt iew
Load/Constaint s | LoadsConstiaint O | g
Labels On [ B > Labels O | Save View...
P

The model will now look like the
picture shown here, aplain wire-
frame representation of al the ele-
ments that comprise thismodel. The
elements are drawn along their
edges only, with no fill in the mid-
dle, which iswhy you can see
through the closer elements to the
ones behind. To achieve a hidden
line view, ahidden line being aview
that would show only those ele-
ments that you would seeiif this
were areal combination of plates
and line in space, we will use the FEMAP View - Select command.

Choose VIEW - SELECT View Select
from the FEM AP menu. Wiew 1 Diefault 5 View
|nSteaj Of US ng the mouse 7 Syl —iud;ls y:ﬂ " | (E-).e’f.urmed Syl . (Eur:uul S:‘j " |

. . raw Model + 1 * Mone - Model Only
to pick thiscommand, you | xree | - S0F | AT oo
COU|d a|SO use the F5 or ~ st SEiV 1 (+  Quick Hidden Ling € Animate € Cijteria
Ctrl-S shortcut keysto = XY"S Pe \ € Ful Hidden Line  dnimate-MuliSet " Beam Diagram

th d T e  FieeEdge  Vector " lsoSurtace

access the command. 10 A e  FreeFace £ Tiace £ Section Cut
changeto ahidden line S = I Il akipbeiomaton || vector
view, change the Model | |
Syl e Opt| on from Draw 1 Data... | Model Data, | Detormed and Contour Data. |
Model (wireframe) to IS

Quick Hidden Line. Press
OK toreturn to FEMAP.
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The model will now appear as follows:

\ydte:

You may have noticed both the “Quick” Hidden Line and “Full” Hidden Line options in View

- Select. A Quick Hidden Line is a depth sort, where the center of the elements are sorted, back
to front, based on their distance along an axis perpendicular to the screen. For most models,
this will produce a true hidden line plot. The Full Hidden Line plot will first do the same depth
sort of all the element being displayed, and then go through some additional checks to remedy
situations where the depth sort could not produce the true hidden line plot. During model gen-
eration and construction, it is best to use the Quick Hidden Line option since it is faster, and
use the Full option for final prints. In the OpenGL accelerated Render mode there is no differ-
ence between quick and full hidden line since OpenGL contains its own depth buffer.

7.3 Working with Groups

To jump start you into the world of grouping in FEMAP, we will use our wing test model. In
this first example, we will use FEMAP’s group creation capability to create a group that repre-
sents just the upper and lower wing skins.

1 To create a new, empty group, selB&ouP - SET
from the FEMAP Menu. Enter a title of “Wing Skins”
in the title field, and press OK to continue.

Create or Activate Group

1D IT Title IW’mg Skins 1

Cancel
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2 A new group iscompletely

Entity Selection - Select Property[s] Used by Entities for Group

empty. To add all the ele- & Add O Remove  Exchee

gebctll | Feo | Pk |

mentsthat represent thetop [ o]  |wf - ]
and bottom wing skins, T EM ! MDth“d"! chw |

select GROUP - ELEMENT
- PROPERTY. This com-
mand will modify the elementsin the current group based on their property reference.
FEMAP displays the standard entity selection dialog box asking for properties. Just like pick
ing elements in the graphics window, you can also pick properties. Move to the graphic win-
dows and select one element from the top wing skin (Property 2) and one element from the
bottom wing skin (Property 3). Press OK to continue.

te:

Even though we were selecting elements on screen, FEMAP extracts the property
that the element selected references and fills in the selection box accordingly.

At this point we do not see anything different on screen. A group has been created, elements
added to that group, but the display will still show the entire model. To cause FEMAP to dis-
play only the entities in a certain group, we will once again use the View - Select command.

Select VIEW - SELECT

View Select
from the FEM AP menu Wiew 1 Default X View
(OI’ press F5 or Ctr|-S) =T Syl indelS I | Defamed 5 ) :.nnlnurStyle—l
Draw Model + Mone - Model Only
Press the Model Data but- ((: gvs!;o € Eeatures (o) € Contour
ton to access control of = W: SZ Ve || Gk HiddenLine | € arinate i
roup display. =  Full Hidden Line © frimate MuliSet © Beam Diagram
group display. ' E5PcnfEutton € FreeEdge W s B [
B S s  Fres Face  Trace © Section Cut
E I Rentder I 7 skipDeformation, || € Vestor |
|
¥r Data... | Model Data... I Deformed and Contaur Data... |
ok I Cancel |
FEMA P nOVV dl S)I ays the %I ect M Odd Select Model Data for View
Datafor View. In addition to controlling
. . R Wiew 1 Default X7 View
what group is displayed in the current Lozd Set
view, this dialog box can also be used to {f-‘ feive © None  Select | =
set which Load Set and Constraint Set Consigaint/DOF et

are seen. To view the group we just cre-
ated, A.) toggle Group Option to Select,

and then B.) select the group that we just [EU:ZW A>rr Selecl  [1.Wing Skins &B |

& Aclive € Mone € Select | =l

created. Press OK to return to the View -
Select dialog box. PressOK inthe View - o =
Select Box to make the changes to the

view. 3 | Cancel

Eunction
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Only those elements referenced by Property 2 and Property 3 are shown.

To quickly get in and out of the Select Model Datafor View dia =

log box, you can use the shortcut menu that is attached to the right Berice!
mouse button. First left-click in the graphics window you want to Snap To.
change to make that view current, then right-click anywherein 2oeen
that graphics window. The short-cut menu will appear. You can Baint
then move down and select the Model Data option and go directly Y .
to the model data dialog box. Seeot »
At this point you may be asking “What is grouping good for, and \éiqkfl
why do | want to use it?” With a model as simple as this, grouping ficilol
for visualization and mesh construction is not that important, but o e
as your models grow in size (they will), grouping makes it possi- v Data..

ble to work on discrete areas of your model more efficiently. Even
in a small model, grouping can be very useful, consider:
Using a Group to Trim Down a Report

FEMAP provides numerous capabilities for creating printed reports that will be covered in a
later section. We will print a quick report here to demonstrate how groups can be useful.

Say you are interested in finding the element in either the upper and lower wing skins with the
maximum shear flow (FXY Force). Now that we have a group defined that includes all the
wing skin elements, this will be easy.

1 SelectLisT - OUTPUT -

Entity Selection - Select Dutput Set(s] to List El
EIFEAI\;T,EQRD from F“é?vl A & Add € Renove { Exclude gobctal| Fesst | Pk |
: menu. FI D w Wi erevise| oEEER| (o ]
first asks you which output =

Group | More | el || Cancel |

set to use. Since this mode
contains only one set of
output data from a single static stress run, just press OK to select Output Set 1 and continue.
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2 Next, FEMAP displays

List Formatted Dutput El

the List Formatted Out- Tie |

put dialog box. Fill the Sotting
bOX in as d‘]oWn, W|th @Drlfi&ld |T2UB..P\atEXY' Membrane Farce j W dsgending I Aheolute Value
A.) the sort field speci-

fied as data vector
7208.Plate XY Mem-
brane Force,

B.) that we want the Top
5 elements,

C.) that the report format
we want to use is number
8..NASTRAN CQUAD4
Forces, and

Top N Limil Option

Al % Nong £+ Full Report
" Bottom £ Summaries Only

© Abaye Mani i | ; |
& Top awe Maximum — firimum  Details Only D

© Below Minirmum TSt I ™ Skip Emply

Mumbe " Belwesn ¥ Report Header
B " Outside ™ | Absalite tValle ™ Entity List

Forrmat 10

B MASTRAN CBEND Forces ;I
T MASTRAN CELAS? Forces
8. HNASTHAN QUAD Farces
9. NASTRAN QUADS Forces

10.Na5TRAMN CROD Fi
D ) Details on|y inthe 11.MASTRAN ETF!IA3ID:E|?ES
| - s 12.NASTRAN CTRIAG Forces | Cancel |
Options section to limit

the information to
details. Press OK to continue.

FEMAP now prompts for
which elements to use.

Entity Selection - Select Element(s] to List El
& Add © Remove ¢ Exclude

. . Select Al iz Pick ~
Instead of box picking or : = l DBIST :’E—KII
. . . . . d EVTLU S EIE1E
individualy picking, we — — =
More | Method * | Cancel |

now have a new option
that usesthe group wejust
created. Move to the Group field, and select the Wing Skins group. Press OK to generate the
report.

The report now appears in the FEMAP Messages and Lists Window. Press CTRL-U to tempo-
rarily maximize the Messages and Lists Window. You will see areport that list the plate ele-
ment forces corresponding to the top five shear flow platesin the upper and lower wing skins.
The report is sorted in ascending order as specified in the List Formatted Output dialog box.
We can now easily see that the maximum shear flow is62.29 #/in. and can be found in element
number 120. Press CTRL-U again to return to the regular view style.

To quickly find element number 120, do the following:
Select VIEW - SHOW

from the FEMAP menu. View 1 e

Set the Entity Typeto Ele- Enliy Ty St

ment and press OK to € Coodfys € Boundery | | I Erase Background Fist
i ' Paint 7 Label with I

continue.

£~ Curve e
€ Suface
1 yolumme

Entity Calor

1 lshowCoor [24600  Palette
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2 FEMA P now dl Spl ays the Entity Selection - Select Element(s] to Show El

Zt';ndarg mt_il:[y Sellez(:(t)i on Fadd O Bame © Euchde Sekotall | Feo | Pk |
lalog box. lype n b [12 b1 :

o My B[ M e
element 120 will be tem- = =
porarily highlighted on
screen so you can easily identify it. View - Show can be very useful for finding entitiesin
complicated FEA models.

\Wte:

The default 1D (usually the highest numbered entity) is already highlighted when
you enter the entity selection dialog box. If you want to select a different entity,
simply type in the number of your selection. Since the text in the box was high-
lighted, it will be replaced just like any highlighted text in any Windows program.

Asyou havejust seen, agroup can be used in the standard entity selection box. Any time
FEMAP is prompting you to select entities, you can specify agroup. FEMAP will then use the
group information, and bring al of the requested entities from the group into the current selec-
tion. Thisis extremely useful when applying loads to a portion of your model, or when you
wish to update sections of your model.

Automatic Generation of Groups

Once you become praficient in FEMARP, you will probably find yourself creating groups as
you build afinite 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 proper-
ties, element properties or even geometric regions. To automatically split our the wing model
up into groups based on properties:

1 Select GROUP - OPERA-

Entity Selection - Select Propertyls] to Group Elements

TIONS - GENERATE PROP- | & agd ¢ Remove © Exchuce

Select Al L Pk * |

ERTY from the FEMAP o i e D (T
or — — —

menu. Press Select All, and 2 = Moo | Wotod™| corel |

then OK to create groups
based on distinct properties
in the model.

FEMAP creates seven groups of elements corresponding to the seven different propertiesin
this model. To cycle through them, use the right-button shortcut in the graphics windows, go
to Model Data, and change the selected group, press OK to redraw the display. Do this several
times and you will see the various pieces that make up this model based on property.
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Stiffeners

Upper Wing Skin

Lower Wing Skin

Ribs
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5 Spar Webs

=
=

N

6 Lower Stringers
7 Upper Stringers

I L\(
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Another Example of Using the Group Information

Click the right mouse but-
ton in the graphics win-
dow. The shortcut menu
will appear, select the
Model Data button.

FEMAP displaysthe
Select Model Data for
View dialog box. Change
the selected group to the
group that was created
using Property 7. Press
OK to continue.

FEMAP will now display
only the upper stringers.

Toview the axial forcesin
these elements, first select
VIEW - SELECT (F5 or
Ctrl-S).

A.) Change the Contour
Styleto Criteria, and then,
B.) Pressthe Deformed and
Contour Data button to
choose what datato usein

I
In this example we want to examine the axial forcesin the upper stringers.
(8
Canice]
Snap To...
Screen
Grid Select Model Data for View
Eairt View 1 Untitled
v Hode Load Set
Pick &ll Inside =
Select ) | & Active € Mone © Select | =
Workplane.. Constraint/DOF Set
Equations...
o (o ol ¥
Rl ’V° Active Hone Select I J
@ HModel Data, Group
Post Data ’7(‘ Active © Mone (& Select  [3.Property 7 - Upper Angle =l
#v Data...
Eunction
’V Select I j
oK I Cancel
v
i
a
| /
7
View Select
Yiew 1 Diefault =" Yiew
2 Gyl Mode! Syl | Deformed Styl r— Contaur 5ty |
& eslE @ Draw Model  Mone - Made! Only  Mone - Made! Only
" Features  Deform
2 vs Set o >
€ Quick HiddenLine | Animate A S5
€KY vs Set Value ) X . : .
- " Full Hidden Line  Animate-Multis: " Beam Diagram
2y v Position
" Free Edge © Vegtor  lsoSurface
" Fres Face " Trace " Section Cut
{515 ot Function | I Ckip Deformat  eol
I Render i Wefarmaticn ector |
¥y Data, I Model Data... | B> Deformed and Contaur Data... |

the post-processing plot.

Push Deformed and Contour Data..

to select Dutput,

Cancel |
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5 FEMAP now di Spl ays the Select PostProcessing Data
%w Pogprocesg ng Wiew 1 Untitled
DataSelection————— | = Section Cut Dt

Data dialog box. Change cteon [T € CutModsl
. ategory iy Lutpul 'l = [MEfine Sestion.. |
the Contour selection to Tupe [o-vave o e 2] ||| £ o eesio

point to Data VVector num- I Dats at Comers ke [ tpasra]
ber 3022...Beam End A o
. r~ Output Set
AX|a| Force. Press OK to Sl Frogram Analysis Type SetValue
return to View - &alect, MSCHASTRAN Shatic 0
and then press OK in o
) . utput Wectar
View - Select toinitiate Dieformation Tope ID Value
Maximum 126 0.335819
i - Hode
the pl ot. |1 .Total Tranzlation J Mirimum f 0
Congour
Element Il aximum 232 T43.827
|3022..Beam End?, Axial Force &5 Mirimum f EO5.05
Rl e | Trace Locations | Cortour Options |
I j Contour Vectors. | oK I
Wutput Setlnerement I'I
Freebody Display... | Cancel |

FEMAP now displays a
Criteria Plot of the axid
forces for the elements dis-

played.

You will notice that the leg-
end on theright side of the
screen does not correspond
to the maximum and mini-
mum values of the elements
on screen. Thisis because ] s
the legend is drawn based
on the max/min of the S semErA T
entire data vector, that is,

al beam elements in this model. To adjust the legend to reflect the current group

gars

1 Select VIEW - OPTIONS (F6 or Ctrl-O) from
the FEMAP menu. i 1 Uriled
A.) Set the Category to PostProcessing. C(f‘af?l | et r
B.) Set the Option to Contour/Criteria Leg- e l‘-d\,ww ;er'tMﬂdte
end. ' PogtProcessing o G
C.) Set the Level Mode to Auto-Group. B e
Auto-Group will now automatically set the o e e i
max/min values of the legend to correspond Vestor St
to elementsin the group being displayed. Defomed ol %@“
Press OK to update the graphics window. Trace Style bt Lo

Contaur Type:
Contour/Criteria Style l—
16
Contour/Criteria Legend ¥lpfimmm

Mirirmum

Criteria Limits/Bearn Diagrams

Criteria - Elements that Pass 0 0.

Criteia - Elernents that Fail

IsoSurface Set Levels...
Contour Yector Style

= Titles &
= Apply
Quick Options . Cted | [ DK | Cancel |
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2146

Ouputs et MSCNASTRAN Case 1
Qiteria: Beam EndA Avial Force

7.4 Working with Layers

Aslong as you understand the basic layering concept, that every entity
in FEMAP has areference to alayer, and that layer is either on or off,

working with layersis quite easy. Control of which layers are displayed J%%l E i
isprovided in the View - Layers command. View - Layers can be =
accessed from the FEMAP menu, or with the View - Layers button on

the toolbar.

Layer Example

If you have been working along in this chapter with CH7WINGMOD, the display still con-
tains the Criteria Plot of the upper stringers axial forces. To reset the display, do the following:

1. Goto View - Select (Ctrl-S), and turn the Contour Style to None.

2. Still in View - Select, press the Model Data button, and change the Group display option to
none.

3. Press OK to return to View - Select.
4. Press OK to update the display.
The model will look like:
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Viewing different layers:

1 Select View - Layersfrom the

Layer Management

FEMAP menu’ or pr% the View 1 Default =7 Wiew
VIEW - LAYERS button on the Active Layer
tool bar. By default, the layer £ show &llLapers [3.Middle Secton |
opti onisset to Show All L ay- & Show Vishle Layers Only NoPick Layer

. . R /9393, Constiuction Layer =l
ers. Aslong asthis option is set Hidden Layers Visbie Lagera
to Show All Layers, thelist of T.Delaull Layer g [ 3. e Seclion

2. Inner Section

Hidden and Visible layers will

1 Show Al ->
9393, Construction Layer

have no effect on the graphics < Hide
window. Once the Layer Man- <-Hide Al
agement is set to Show Visible e e Concel |

Layers Only, only those layers
in theright column, Visible
Layers, will be displayed. The layers themselves can be moved from the right column to the
left column and vice-versa using the four buttonsin the middle of the dialog box. In addition,
you can double-click on alayer and it will be transferred to the opposite column. Set up the
dialog box as shown and press OK to activate the layer configuration.

2 Thedisplay will be .
updated to: “

3 AccessView - Layers

Layer Management
again, and change the View 1 Default X7 Yiew
H Active Layer
laya cé?}g ons mijg.]ovr]n’ " Shaw &l Lavers |3 Middle Section j
p!’ESS to up! ate the & Show Vishle Layers Only NoPick Layer
d| Spl ay IBESS..CUnsIIucUun Layer j
Hidden Layers Visible Layers

N L2 Inner Section

Show Al ->
<- Hide
<-Hide Al
Mew Layer. oK Cancel |
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4 Thedisplay how shows:

(1.1}

5 AccessView - Layersone
more time and change the
mode back to Show All i
Layers.

7.5 Combining Grouping, Layers and View Options

Between Grouping, Layers, and thewide array of View Options, there is atremendous amount
of control over how your model will be displayed on screen. However, with all these different
methods of control you can run into problems. These three methods of view controls are not
exclusive. They each affect how the others work.

For example, say you create anew group, add all elements of property 1, and all the nodes
associated with these elements, and then use View - Select/Model Datato display just that
group. What you would expect to see is 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 alayer 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 entitiesis being displayed, and finaly, make
surethat if agroup is being used for the view, that the missing entities are actually in the
group. Once you become more familiar with FEM AP and the various options which control
the model display, the benefits of the multiple view options methods will become apparent.

7.6 Printing

As aWindows application, FEMAP provides What You Seeis What You Get printing. By
default, graphics sent to any printer are vector images, the actua lines, curves and polygons
that comprise the graphical representation of your model on screen. As avector 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, FEM AP takes full advantage of the resolution of the out-
put device. Traditional DOS-based FEA (and some Windows ones too), simply dump the bit-
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map 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 current graphics window, to do so, click the mouse in the window.

File - Print will display the following

dialog box that provides control over ot
how your FEMAP graphicswill be HFT :‘

pl’i nted. —W};at ta Print ~Page Previ

Here you can quickly add aHeader and QU ===
Footer to describe the plot being made o I[_ijtlp 5 : Pt Salup>>
in more detail and adjust several ol

aspects of the print including the Page '® s

Setup and Printer Setup. Printer Setup - Resolution : ‘
ismost useful for changing the orienta- ® sy e |
tion of the plot between landscape and © FinFote ' :

portrait and for controlling aspects par-

ticular to your printer.

Page setup makes it possible to e =
Contro' aSpeCtS Of you pn nt i~ Page Header and Footer

more closely related to FEA. beade]

The most important being in the e |

5‘0(:: fal?] ((jj meetgfl:llaepsé)ll!’;\ikHaﬁg’ & Default Fired Pitch Font " Dther Font [Coicr = Faivere 1200E]
White very useful if you work Dther Printed Text

in the FEM AP default black ( = Default Fised Pich Fort € Other Fort [Coue: =l Eersee 120 2]
ba:kground Wlth Wh'te d e ~Page Margins———————— ~Plot Position and Size———————————

ments. Without Swap Black and | Tee [l | Eatiem [r | g o e S ete |
Whiteany printsmadewouldbe | tst o5 | Rk [ il

What You SeeIsWhat You Gt aa saesie s GAEETEE [Ranzici |
including the black background. | I pewsad: Coeensa p

With Swap Black and White, all o' Siwsp Black, andwhic -

black entities are switched to I™" Monachrome © Top C Lef o
white and vice-versa, &;ving e Trans?arentEackgmgnd g ;:.i Ugmemer ; :.i t:ente. — |
you both toner and making the PenwidhFectr  [1 |

plot easier to see.

Thefirst step in post processing is to obtain the results. If your analysis program does not
launch from FEMAP and automatically return the results, you must read them in. Use File -
Trandate, select the proper format and press Read Analysis Results. Select the results file for
your model from the standard file selection box using the defaullt file extension for your analy-
sis program. 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 analysis
types, FEMAP will keep the output data from each analysis, each mode shape, or each time
step in adifferent output set. Post-Processing can be divided into two main categories, graphi-
cal and report. Graphical post-processing can be further divided into:

1. Deformation Plots
2. Contour/Criteria Plots
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3. 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.

Report based post-processing is fairly straight forward, providing text output of results datain
avariety of formats, printing options, and sorting options.

7.7 Graphical Post-Processing

Thefirst step in post-
processing isto define
the type of plot desired,
and thedatato beusedin
the post-processing dis-
play. The main control
for how your model is
displayedincluding what
post-processing options

View Select
Wiew 1 Default X View
2 Syl I adel Styl | Deformed Sty |
£ wrvlD % Draw Madsl & None - Model Drly
" Features " Deform
£~ Wy wa Set i X . .
1~ Quick Hidden Line |  Animate: ™ Criteria
€ %7 v Set alue ) ) ’
L " Full Hidden Line © Animate-bUliS et " Beam Diagram
£~ ' s Position
1~ Free Edge " Yertor ™ lsoSurface
: " FreeFace ) Trace " Section Cut
71 5 of Funetion 1 Il — £ Ve
I Render fip D Efarmation ector

are being used isthe

¥x Data...

Model Data, |

Defarmed and Contour Data. I

View - Select menu

oK |

Cancel I

option.

From View Select you can invoke five different types of deformed style plots:
1. Deformed - Show a plot of the deformed shape.

2.
3.

and frequency response analyses.

4.

5.
positions of nodes.

Animate - Animate the deformed shape.

Vector - Show vectors representing direction and magnitude of output.

Trace - Similar to Multi-Set Animation except displays trace lines connecting historical

Animate Multi-Set - Perform animation across severa sets. Good for transient, nonlinear

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 simi-

lar types of analyses.

From View Select you can invoke six general contour style options:

1. Contour - Provides smooth representation of data.

2.

3.
the length of Line Elements.

6. Vector - Vectors at centroids of elements.

Criteria- Elemental values displayed at centroid of element.

. Section Cut - Shows contours through any planar cut of a solid model.

. IsoSurface - Provides interior surfaces of constant valuesin solid models.

Beam Diagram - Similar to 3-D shear and bending moment diagrams. Display results along
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Contl’ol over What data iS Select PostProcessing Data x|
used in deformed or con- View 1 Uniitled _ _
tour pl ots iS pI’OVided by Data Selection————— | = Section Cut Option
the Select PostProcessi ng Cglegurylﬂ Any Output - ] Cutiode! . MI
Data d|a|0 bOX Th|S d|a' Type IU..Valua ar Magnitude - £ Coraur S2chions:
. g )} ™ Data at Comers iz Spac\ngl
log box is accessed
thl’OUgh the V| ew - &3‘ eCt i3t Program Analysis Type Set Value
command or the shortcut T.MSCMNASTRAN Case 1 =] MSCNASTRAN Static 0.
(right mouse) menu as
Output Vector
Post Data. It allows you to Deformation Tope o Value
Contro' the OUtpUt set and |1..T0ta| Tranglation j Node mafwmum EE 0'3305819
. inimum .
output vectors shown with < Contour
— M aximum 135 5191.1

the deformed and contour b i Top o Element \SM o 271 205
plots. To choose what data . : :
isused in the dlsplay sm fia U S et Trace Locations | Contour Opticis. |

, Sim- | 3 —
ply Ch00$ A) the OUtpUt ’7 [Hufput Setlneremernt 1 Conlou Vectas | &
%t, B) the data VeCtOI’ tO Freebody Display. I Cancel I

use for deformation, and

Selecting the Data to use for Post-Processing

C.) the data vector to use for contouring. You can limit the category and type of output you see
in the drop down lists with the data selection area. If you are animating a multi-set you can
choose the final output set 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.

Specifying Detailed Post-Processing Display Options

Optl onsfor (_:ontrol li ng the detalled aspects of .
post-processing can be found in the FEMAP View iz 1 Untiled
Options command. Each graphics window can [ Category—— Arimale r
have its view options modified independent of - Latss Bifes and o Lovetode

. . JTools and View Style
other views. The number and depth of the various e — A an
view optionsis such that afull discussion of each Options PR
isnot possiblein this manual. Please refer to the Pt Tilles =

. Deformed Style | Contour Palette
full FEMAP Commands manual for a detailed Westor Stle
description of what each option does, and how to UG W..UW Fadhc
useit. You are encouraged to go to View - Options, et Mo
: - # of Level
and set the Category to PostProcessing and review Fortour Type lw—
th_e variou_s options. A f_ew of the more important Eu_nwa_,la,,a Loacnd A
View Options are explained more fully below. g et e el e
Criteria - Elements that Fail
Is05urf.

Deformed Style }th"\“sm . | selevk. |
For all deformed styles, FEM AP uses these set- &pply |
tings to determine the on-screen scale of the defor- Guick Optiors.. Cohel | [ 0K | cancel |

mations. If the “% of Model” option is checked,
FEMAP will scale all deformations so that the largest one is equivalent to the percentage of
the model size you specify as “Scale %". If “% of Model” is not checked, FEMAP will deform
your model by the amount of the actual deformations.

\Wflt.’
For large displacement analysis, the Deformed Style should almost always be on Actual to
obtain an accurate representation of the deformations.
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Animated Style

Many aspects of animation are con- Sine - Full )
trolled by the settings for thisoption. If ~ +1 ine - 41 Linear-Full

you choose Single Step, the view will

calculate all of the animation frames

and then wait. The animation will not \/

begin until you choose the View- 1 Number of Fra
Advanced Post-A nimation command +1] Sine - Full Absolute +1 Linear - Full Absolute
and press Start. Shape controlsthe
deformationsin the frames that are
calculated. Full cycle shapes smoothly
return to their starting position, half 0 0
cycle shapes jump back. Sine - Half +1 Linear - Half

<

T
<\

+1]
By selecting the number of framesin
the animation, you control both the

|

animation quality and speed. More \. \ \.
frames take longer to calculate, and -1 -1
produce aslower, but smoother anima- ,, Sine - Half Absolute .y Linear - galf Absolute

tion. Fewer frames are desirable if you
want aquick look, or fast animation. If
you are using the “Animate” setting,
for the Contour/Criteria Levels option, g 0
best results are obtained with a larger

number of frames.

The Delay factor specifies the initial speed of the animation. This can be varied using the
View-Advanced Post-Animation command. Larger numbers result in slower animations.

\ﬁiﬁt.’
Here are a few suggestions that can help when you are doing animations:

QO FEMAP retains all of the frames that you calculate in memory. You can specify a very
large number of frames but you must have enough memory to hold those images.

O You can simultaneously animate multiple windows, even at different speeds, but your
computer and graphics adapter need to be fairly fast. It takes the combination of a fast
computer and a good graphics adapter to adequately handle animation.

If animations are not as fast as you would like, check the following:
QO Make sure you are not running other applications in the background on your computer.
O Reduce the number of frames.

QO Reduce the size of your graphics window. This may be the biggest savings - although at a
price. It can dramatically reduce the amount of data needed for an animation, and hence
increase the speed.

QO Once an animation has been created, you can control it with the View Animation com-
mand.
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Deformed Model

Deformed Model  Controls the colors that will be
¥ used for adeformed style dis-
Undeformed Modeplay. Refer to Undeformed
Model for additional informa-
tion.

Undeformed Model

Allows you to display your
undeformed model, alongwitha
deformed or animating style
model. This option should not
be turned on for filled or hidden line view styles. If you do, the deformed and undeformed
models will obscure each other.

Contour Type

These options enable you to pick between elemental and nodal contouring. Nodal contouring
typically provides a smoother pattern, but can misrepresent values at geometric and material
breaks. Elemental contouring provides a more accurate representation in these circumstances,
and also provides the capability to plot top and botom stresses on the same graph (with an
additional solid valueif solids exist in the model).

You can also chose to have continous contours or level contours in Render mode.

Contour/Criteria Style

Allowsyou to choose whether solid/filled contourswill be drawn or just the contour lines. The
same setting also appliesto filled or unfilled elements for criteriadisplays. Refer to the Fill
Element and Fill-Edges options (earlier in this section) for more ways to customize the appear-
ance of contour and criteria plots.

Filled Contours

w, Line Contours

If you select the “Max Min” labelling option, the two locations with the maximum and mini-
mum output values will be labelled. ID labelling is not used for filled contours. For line con-
tours, the lines are labelled with letters that correspond to those in the Contour Legend. Label
Freq controls how many of the lines are labeled. If Label Freq is 5, every fifth contour line will
be labeled.

The Data Conversion options control how FEMAP will calculate the Nodal data that is
required for contours when you select an Elemental output vector. By default, all elemental
data is averaged at the nodes. If you would rather use the maximum values, choose Maximum
Value. If you have recovered or calculated elemental corner output, but do not want it to be
considered in the contour, choose one of the Skip Corner options.
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Contour/Criteria Levels

Specifies the number of contour levels that will be displayed. FEMAP supports up to 255 lev-
ds. Thisoptionis also used to select the output values where contours will be calculated, and
the contour colors.

If you choose the Automatic or Auto-Group Level Modes, FEMAP will determine the maxi-
mum and minimum contour values (and the intermediate ones) from the maximum and mini-
mum output values in the output vector you select. Automatic considers data from the entire
output vector. Auto-Group isidentical, unlessyou have selected agroup. If agroup is selected,
the maximum and minimum output values of only the entities in the group will be used.

Criteria Limits/Beam Diagrams

Although criteria displays can be used simply as an alternative to contours, where each ele-
ment is colored based on its output value, their primary purposeisto limit the display based on
aselected criteria. This option selects the criteria. You select the type of criteriafrom the Lim-
its Mode list, and then specify the appropriate values in Minimum and Maximum. The follow-
ing table lists the available modes and their uses:

Table 2:
LimitsMode | Min | Max Result
No Limits - - No Criteria. All Elements Pass.
Above Maximum - Yes | Elements with output values greater than Maximum|P
Below Minimum Yes - Elements with output values less than Minimum Pags.
Between Yes Yes| Elements with output values between Minimum and
Maximum pass.
Outside Yes Yes | Elements with output values less than Minimum or
greater than Maximum pass.

If you choose Abs Value, the absolute value of the output data is compared to your selected
criteria. The “Criteria - Elements that Pass”, and “Criteria - Elements that Fail”, options con-
trol how elements that pass or fail the criteria will be displayed.

6028. 4317. 2606. 894.5 -816.8 -2528. -4239. -5951. -7662.

Elements that
failed criteria——

Elements that
passed criteriag—

Beam Diagrams are also controlled through this option. The Default Direction option sets the
elemental or global plane where the beam diagram will be drawn. FEMAP always draws the
diagram in the plane that you choose, even if the output is actually based on forces/stresses/..
in a different plane. The FEMAP translators should automatically setup the proper information
in your model to draw the correct Beam Diagram as you read the output from one of the sup-
ported programs. If you create output through some other means, or if sign conventions
change in the analysis programs, the “RevB” Default Directions can be used. If you see a
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Beam Diagram where End A and End B have reversed signs, when they should be of the same
sign, choose one of these options - otherwise use the regular options. The Beam Diagram
Color setsthe color that will be drawn around the outer edges, and between elements along the
diagram.

Criteria - Elements that Pass and Elements that Fail

Are both used for criteria style displays. The settings for the first option are used for all ele-
mentsthat pass your selected criteria, or for all elementswhen you do not specify any criteria.
The second option settings are used only for elements that fail the criteria. You can skip dis-
playing either category of elements by turning off the appropriate option. If you select Output
Value labeling, the output values will be displayed as alabel near the center of the elements.

For criteria displays, element colors are also determined by this option. By default, elements
that pass the criteriawill be colored using Contour Colors. For this setting, FEMAP compares
the elemental output value to the specified contour levels. The element color is then set to the
color for the appropriate contour level. By default, elements that fail the criteriaare not dis-
played. If you simply turn them on, the default View Color will cause them to be displayed as

dashed/phantom lines.

Example of using the Post-Processing Option in FEMAP

Open CH7WINGPOST.MOD in the /examples subdirectory where you installed the sample
files that accompanied this manual .

The mode! will look like:

Viewing the Deformed Model

Choose VIEW - SELECT
from the FEMAP Menu

View Select
Wiew 1

D efault X View

(Ctl’|-S or F5). Syl iudels I | ([-).efurmedS I (Euntuuls |
Draw Model Mone - Model Only '+ Mone - Model Only

A') ChOOSE Deform for the » Lol " Features & Deform " Cantour
Deformed Style. : gvsgeiv | & Quick Hidde  Arimate © Citeria
B ) To select the data vec- v :z P:silifnua ; Full Hidden Line ; Animate-t UG et ; Beam Diagram

- Free Edge Wectar lzoSurtace
torsto usefor the deformed P @ Freefe ” e W Gt T
plot, press the Deformed i _— | skipDsfomation || € vector
and Contour Data button. ‘

®r Data...

Model Data,

B 2
[—

Deformed and ur Diata |
oK < D Cancel I

N |
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FEMAP now displaysthe
Select PostProcessing Data
dialog box. By default, the
only Output Set is selected,
and the Deformation data
vector is set to Total Tranda
tion and the Contour data
vector is set to Plate Top
VonMises Stress.

C.) Press OK to accept the
defaullts.

FEMAP returns you to the
View - Select dialog box.
D.) Press OK to accept all
options and generate the
plot.

FEMAP displays the deformed model (exaggerated so that you can visualize the deformation)

Select PostProcessing Data
View 1 Untitled
r~ Data Selection

Category IU Any Output -
Type IU..Valua or Magnitude -

™ Data at Comers

Sectiom Eutiption:
=1 Cutfode!

] Corfaun Sections

umtzen

DEfine Section,

Spacig I

r— Output Set
Program Analysis Type Set Value
|1..MSC/NASTF|AN Cazel d MSC/NASTRAN Static 0.
i Output Vector.
D eformation Type D Value
Maximum 126 0335819
- Wode
1..Tatal Translation J Minirum q 0
Contaur
M aximum 135 51911
Elzment
Mirirnrm 156 2713853
[ fiE LS ES Trace Locations. J\ Contour Optians.
J Contour Yectors... C oK
[Wutput S et Ineremert 1
Freebody Display. Cancel I

on top of thg undeformed model.

Ouputs et MSCNASTRAN Case 1
Deformec(0:336):T ot T rarslaton

To turn off the undeformed plot:

Select VIEW - OPTIONS
from the FEMAP menu
(Ctrl-O or F6).

A.) Change the Category
to PostProcessing.

B.) Select the Unde-
formed Model option.

C.) Toggle the Draw
Entity switch.

D.) Press OK to continue.

View Ophtions

View 1 Untitled

— Categor
€ Labels, Entities and Color

Options

€ Tools and View Style
A £+ PogtProcessing

Draw Entit

Post Titles N
Detarmed Style

Wector Style

Animated Style

Contaur Type
Contour/Criteria Style
Contour/Criteria Levels
Contour/Criteria Legend
Criteria Limits/Beam Diagrams
Criteria - Elements that Pass
Ciiteria - Elements that Fail
lzo5urface

Contour Wector Style

' Titles

Quick Dptions... Cil+Q

Color Mode

“Wiew Color

100

Palette. |

=l Apply
| [ ot & D]
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Only the Deformed model will be drawn:

Outputs et MSCINASTR AN Case 1
Deformec(0:336) T otal T rars laion

Use the Quick View Options (CTRL-Q) and turn off the Nodal Forces. Press the Done button
in View Quick Options to update the display and return to FEMAP.

View Quick Dptions
Wiew 1 Deetault 27 Wiew
[~ Geametr Mesh i~ Load
¥ Coordinate System ¥ Farce ™ Heat Generation
™ Paint " Mode I Moment ™ Heat Flu
I Cue ¥ Perm Constraint = Thermal ™ Convection
I Suface ¥ Element IV DistibutedLoad T Radiation
r e I Flid Trackin
Soundary | s I~ Acceleration =i gd_[_
nknown Condition
I e I Constraint ™ Welocity
; ™ Slip Condition
™ Tent ™ Constraint Equation I” Noniinear Force ™ FanC
an Curve:
I Contact () Bz ™ Periodic Condition
All Entities 0 Al Entities OFff
o S Eniy Colors | View Colors |
Geometry On Geometry Off
Beset Wiew
Anelysis Enties On | Analyss Eniles 0 |
Load/Canstraint On | Load/Constaint 0 Dane
Labels On Labes Off ﬂl

Viewing Stress Contours

To turn on the display of stress contours, we will again use the View - Select command.

Select VIEW - SELECT View Select
from the FEMAP menu. Wiew 1 Default X View

A7 Syl todel Styl r~ Deformed Stk Cantour Sty

€ Draw Madel " None - Model 0 " None - Model Only
A.) Changed the Contour el » oo P S
Style to Contour. ey & Quick HiddenLine | | € Animate W (e
y € %7 v Set alue
s  Full Hidden Line  drimate MuliSet  Eeam Diagram

' 5P enfEuction W el W @ stz
We do not need to enter the B et  FreeFace " Trace ~ Section Cut
Deformed and COﬂtOUI’ E B i | | GhipDefemmatior  Wectar
Data section since the con- | ‘
tour data vector was ﬂ to ¥x Data... | Model Data, | Defarmed and Contour Data. I
Plate Top VonMises Stress B_mcemn|| ==

when we created the

deformed plot. To view the stress contours,

B.) Press OK.

The model is now displayed with both the deformed and stress contours shown at the same

time
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3834
3438,
B3
2827
2491,
2156,
1820,
1434,
1143,

21248
Ot et SCAMASTRAN Caze 1 772
Defarmed(0. 336): Tatal Tranzlation 1415

Contour: Plate Top WonMizes Stress

ONIM3IA

The above display used Nodal Contouring, which averages across both property and geomet-
ric breaks. To eliminate this averaging, and produce a more accurate plot, go to View Select -
Deformed and Contour Data - Contour Options and select Elemental under Contour Type.
The defaults can be accepted for the element discontinuities.

The resulting display (after hitting three OKs) is shown below. Asyou will notice, the stress
levels are slightly higher (A), and the distribution along the edge connections are changed sig-
nificantly (especialy at B). The elemental contouring option provides a more accurate repre-
sentation by “smart averaging” the results only at locations where appropriate.

1
L1 EA> BG15.
5272
-

C1
4327,

3830,
3545,
31939,
2854
2503
2163,
1818
1472
1127,

7al.
Dut;@ﬁLﬁ?SEHNASTH.&N Caze 1 47355
Dreformed(0.236): Tatal Translation

Contour: Plate Top Yonhizes Stress 90.01
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Setting up an Animated Contour Plot

To view an animation, we will first enter the number of frames of the animation, and set the
option to make the contour levels animate with the deformation.

Select VIEW - OPTIONS
from the FEMAP menu.
Set the animationsoptions
as shown:

A.) Set the Category to
PostProcessing.

B.) Select the Animated
Style Option.

C.) Set the Animation
Shapeto 5..Sine - Full
Abs.

D.) Set the Framesto 8.

The color contours can
either animate with the
deformation, or remain
constant. By default, they
will remain constant. To
cause them to animate:

A.) Change to the Con-
tour/CriteriaLevels
option.

B.) Toggle the Animate
Box to On.

C.) Press OK to continue.

View Ophtions [x]
Wiew 1 Untitled
Category Single Step r

€ Labels, Entities and Color
€ Tools and View Style

'+ PogtProcessing

Options

Post Titles
Detarmed Style
ector Style
Animated Style
Deformed Model
Undeformed Madel
Trace Style

Contaur Type
Contaur/Criteria Style

Contour/Criteria Levels b
Contour/Criteria Legend

Criteria Limits/Beam Diagrams
Criteria - Elements that Pass
Ciiteria - Elements that Fail
lzo5urface

Contour Wector Style

% Tilles =l

Shape

J.Linear - Half &bs &
_Sine - Full

Full &bz
..Sine - Half

Color Mode

|1..Momochmme Animation

Monochrome Color

|1 24 Palette: |

Frames elay

I

Apply |

Quick Optiors... Cobed | [ OK | Cancel |
iew 1 Untitled
— Category W
€ Labels, Entities and Color Level Mode
€ Tools and View Style T Aatomato
£+ PogtProcessing
2..Max Min

Options

Post Titles N
Detarmed Style

Wector Style

Animated Style

Deformed Mode!

Undeformed Madel

Trace Style

Contaur Type

Cantour/Criteria Style

Criteria Limits/Beam Diagrams
Criteria - Elements that Pass
Ciiteria - Elements that Fail
lzo5urface

Contour Wector Style

% Tilles =l
C

Buick Dptions... Crl+l

3..User Defined

Contour Palette

|1..User Palette

# of Levels

e

Minirnum Maximum
IIJ IIJ
Set Levels |
Apply |
K.

ol

Cancel I

At this point we have only established the animation options. We must now enter VIEW -
SELECT to change the Deformed Style from Deform to Animate to actually create the anima-

tion.
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XY Style
I
Choose VIEW - SELECT View Select
from the FEMAP menu. Wiew 1 Default X View
=T Syl Model Styl | Defarmed Syl Contour Style:
" Draw Model £ None - Modsd Only £ None - Mods! Only
~ W it
A.) Change the Deformed gl € Featues © Defom & Comou
Styvleto Animate (S ESTEL] & Quick Hiddd : » e
y . £ W7 ws Set Yalus 1 : .
"  Full Hidden b " Beam Diagram
£~ ' ws Position
. © Free Edge  Vestor  lsoSurface
B.) Press OK to view the : B FieeFae ® e  Section Cut
imation ¥ ffuetan I~ SkipDeformation | | € Vector
anim * ™ Render e |
¥r Data... | Model Data... I Deformed and Contaur Data... |
B ) oK I Cancel |

FEMAP will first calculate each of the eight frames of animation, scaling the deformations
and contour levels based on a sine-wave distribution. Once the individual frames have been
created in memory, they will be played back at full speed. If the animation is going to fast, use
the VIEW-ADVANCED POST-ANIMATION command and press the Slower button to slow it
down. Once you have adjusted the animation to a comfortable speed, press the OK button in
the Animation Control dialog box.

Like the other two categories of View - Options, the Post-Processing category provides asig-
nificant number of options that control how your mode results are displayed. You are encour-
aged to experiment with the various options in the Post-Processing section and see how they
affect the display of FEA results.

7.8 XY Style

FEMAP can aso provide o Bt

XY pl ots of your results. Wiew 1 Default X View

JUSt ||ke the Deformed and 2 Syl I adel Styl | Deformed Sty Contour Styl |

Contour cptionsclisouced | < || [gi | Cle oy | e o

above, View - Select also ; g:i:ﬁ‘«’alua  Quick Hidden Line | © Arimate © Citeia

controls (1) whether or not ~ stEﬂsili;n :: ;ullﬂEil:jen Line :: :nin:ate'Multiiat :: Iﬁe;m'[)\agram

an XY Plotisdisplayed at e e  Senin i

dl, and (2) what type of XY Cr i Bt I Flskipbetomaton || Veetor

Plot will be shown. . \

The aval | abl e types are: ¥x Data... | Model Data, | Defarmed and Contour Data. I
Push = Data... to select Dutput. 5 I Cancel I

O XY vs.ID - Plots XY

Data as a function of 1D number for an Output Vector in one Output Set.

O
era Output Sets.

tion for an Output Vector in one Output Set.

XY vs. Set Value - Similar to XY vs. Set except uses Output Set value for X.
XY vs. Position - Plots XY data versus the position of nodes or elementsin an axis direc-

XY asaFunction - Plots XY datafor functions. Not a Post-Processing option.

XY vs. Set - Plots XY data versus the output set number for an Output Vector across sev-
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Controlling an XY Plot
Control over the contents

A N Select X Curve Data [ ]
of an XY plot is provided View 2 Uniited
by the &Elect XY CurVe —Data Selection———— — Fasitian [same far all Curyes]
Data Dlalog BOX, accessed Categary [0 Any Output - ’7(- AN Iz oo Sy j‘
by pressing the XY Data Tope [0 Value or Magritude =] | ot sare for al G
button |n VIE‘W %a:t, or ™ Data at Comgrs ’7(' Actiye 1 Honer €00 Gelent -
from the right mouse but- ~Curve—  Output St - — —
rTogram nalysis Tppe ef Value
ton g’]ortCUt menu aSXY 1 |1..Case1 Time 0.000000 j MSCANASTRAN Transient 0.
data. It allows you to con- (alF
trol the output set and out- 3 | ~Oupuryestor e o e
put vectors shown on the e o Eafom 0
XY dataplots. Simply £ [o02E RodAdFace 1 0
(el

Choose the Output ﬁ and r :S ~ Output Location Show Output Sets [ Blank=4ll ]

Delete Curve |
the output vector from the 8 W eerenfzr Fiom
appropriate drop down c3 Te _Coresl |
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 hode or element to plot. You can also choose a
group to limit the data viewed. You can plot up to nine curves on the same plot.

View Options Post-Processing
View - Options (F6) Post-Processing iswhere you

View Opti

control the appearance of the XY plots. P
. . Categony Draw Entil ~
Titleand legend control the appearance to theseitem. Lot et co || L
Axes style change the axis from linear to semi-log or € Tooks and View Stle -
log-log. Range/Grid controls the range of the axes @ P e
and the grid style. The curve #'s control the color an et 3 Conter Left =
style of the curve. Cvera - Cloments that a1 =
Contour Vectar Style

XY Titles

247 ¥ Range/Grid
Y Y Range/Grid Wiew Color

o e s 124 Palette..
20 Curve 3
2 Curve 4
2 Curve 5
2 Curve B

.. . specifies a title and subtitle for an XY display,
and to locate those titles. You can choose any of th
standard eight locations for the Titles. In general,
Center Left and Center Right are not good choices.
Unless you use very short titles, these positions wil [x/cuvez Titles...
. . . . 257 Curve 8

significantly reduce the size of the graph. The titles lxrtues = b

are always plisplayed in the \Aew_CoIor. The title guck Opins.. 0 | [ 6 | Corcel |
View Color is also used for all axis labels.

XY Titles
Wiew 1 Untitled
Title I\ oK I

Subtitle Cancel

When you press Titles, FEMAP will display the XY Titles dialog box. You can specify any
titles, each up to 25 characters in length.
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XY Legend

... controls the location, and format of the XY legend. This legend contains one line for each
active curve. It defines the output data which is selected for the curve. The format of the lines
inthelegendis:

Curve Number: OQutput Set, Qutput Vector (Curve Scal e Factor)

Output Set and Output Vector are either the IDs or Titles, depending on the labeling option you
choose. Each line of the legend is drawn in the same color asthe curve it defines.

5629,
/ B
N
7708
5787.
[ \ ’ \
3865. !
1944
A N PE 1
22.94 \ / N e
h / \ N = = —
-1898 ! ! !

\ /]
1/
-3819:

/
4 -
-5741-

Legend— |7662-
9 \ 1 5 7 9 11 13 15

Element ID

1: NASTRAN Case 1, Plate Top X Normal Stress
2: NASTRAN Case 1, Plate Top Y Normal Stress

You can position this legend in any of the eight standard locations. Make certain you do not
locate the legend at the same position as the XY Titles, or they will overwrite each other.

XY Axes Style

... definesthe colors of the X and Y axes, and the number of axis divisions (tics). This option
controls the color of the axislines. Refer to XY Titles, if you want to change the colors of the
axis labels.

You can also change the plot type between Rectilinear (the normal default), SemiL.og and Log-
Log, which are often used for Dynamic Analyses.

When you specify zero X Ticsor Y Tics, FEMAP will automatically calculate the number of
axis divisions. The number will be chosen so the labels do not overwrite one another. If you
want a specific number of divisions, specify that number plus one. You must add one because
there is always one more tic than division, for the end of the axis.

XY X Range/Grid

... controls the minimum and maximum X axis values, and the display of the vertical grid
lines.

If you choose Automatic, FEMAP will set the minimum and maximum axis values equal to
the smallest and largest X values from your entire model. The nature of these values depends
on thetype of XY plot (vs. ID, vs. Set. . .) you are performing. Auto-Group is similar, but only
considers values which are in the group you chose in the View Select command. If you pick
“Max Min”, you must manually set the Minimum and Maximum axis values.

Your Axis Range choices can be automatically updated by the View Autoscale, Pan, Zoom, or
Magnify commands. You can use these commands for XY-plots, just like they are used for
model displays.
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XY Y Range/Grid

...isidentical to XY X Range/Grid, except that it controlsthe Y axis and the horizontal grid
lines.

XY Curve 1through XY Curve 9

... controlsthe visihility, style, color, and labeling of the data curves for an XY-plot. By
default, any curve that you select in the View Select command will be drawn. You can selec-
tively skip curves, by turning off these options. ID and Output Value labels will be drawn at
every data point on the curve. Only two labels will be drawn for Max/Min ID and Max/Min
Value labeling. These labels will be drawn at the data point with the minimum and maximum
output values. The Curve Style setting controls the type of curve or points that will be drawn.

The Scale factor multiplies the actual output values. You can use this factor to display severa
curves, that have very different magnitudes, in the same'Y range. When you specify ascale
factor other than one, the position of the curve will be updated appropriately. The output value
labels however, will still show the actual, unscaled output values. In addition, any scale fac-
tors, other than 1.0, will be shown in the XY Legend.

Example of Using XY Plots

If you have been following along in this chapter, and have CH7WINGPOST.MOD animating
on screen, use VIEW - SELECT, set the Deformed Style to None and the Contour Style to
None. If you have not been working along, open CH7WINGPOST.MOD in the /exampl es sub-
directory of the directory where the samples for this manual were installed.

This model has saved with it a group that includes the beam elements along the upper cap of
the front spar. To see which elementswewill usein this XY plot, wewill use the View - Show
command.

1. Select View - Show from the FEMAP menu.
2. Change the Entity Type to Elements, Press OK.

3. FEMAP displays the standard entity selection box. In the Group Field, select Group num-
ber 9. Press OK to View the elements.
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To set up the XY Plot:

1 ChooseVIEW -
SELECT from the
FEMAP menu.

A.) Changethe XY
Styleto XY vs.
Position..

B.) Pressthe XY Data
button to definethe XY
Plot.

The Select XY Curve
Data dialog box is now

displayed.

C.) Change Position to
the Global Z-Axis.

D.) Set the Group
Option to Select, and
then select Group 9.

E.) Pick Output Set 1.
F.) Pick data vector

number 3022..Beam
End A Axia Force.

XY Style
View Select
Wiew 1 Diefault =Y Yiew
=T Syl Model Styl | Defarmed Syl EnnlnurStyle—|
1 Draw Model & Nore - Model Only ¥ Nore - Model Only
 wWrwslD
i~ Features £~ Deform £~ Contaur
£ W7 wa Set : : i i
1 Quick Hidden Line | £~ Animate: ™ Criteria
7% s Set al . . A
= " Full Hidden Line 1 Animnate-MuliSet " Beam Diagram
1~ Free Edge ™ Westor ™ |soSurface
: " Free Face  Trace £~ Section Cut
71 5! of Furiction | I Skip Doformat ek
I Render i [ efarmatian ectar |
|
B > ¥r Data... | Model Data... I Deformed and Contaur Data... |
Push =7 Dala... to select Dutput. 11 4 I Cancel |
Select XY Curve Data
Wiew 1 Untitled
— Diata Selection n [zame for all Curves]
(o I -
E_alegnrylm C Ol Coord Sye |0..Global Rectangular
Type IU..ValuE or Magnitude vI Group [same for all Curves)
™ Diata at Comers ’7(" Active © None % Select IG..FromlSparUpper Caz D
~ Curve— — Dutput Set A
Program Analysis Type Setalue
@1 || [ MSC/MASTRAN Case | E [cmasTRan Static o
L
3 | | Dutput Vectar
Ca Type 10 Walue
- M aximum 232 743,827
5 | |[3022.Beam EndA Axial Force] F ment
ol Minimum 1 -505.06
- ; — Dutput Location Show Dutnulgets[EIankaMI]
- I— Delete Curve
»i Element Fiam
3 1o | e EE

G) Press OK toreturn to View - Select.

Press OK in View Select to accept the options and create the plot.

An XY Plot representing the axial force in the beam elements of the upper spar is now dis-

played.
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XY Plotsarejust like any other FEM AP graphics window. You can use the View Zoom and
Pan controlsto adjust the range of display, and File - Print to send thisinformation to a printer.
And, just like other graphics windows, you can use File - Picture - Copy, copy the XY plot as
vector graphics to the Windows clipboard, and then paste this graph into any other Windows
application.

7.9 Reporting Results

In addition to the graphical post-processing capabilities of FEMARP, thereis also a powerful set
of report based tools for examination of FEA resullts.
Directing Output

Reports are created using the command in the
List Output SubMenu Query...

Compare...

Unformatted...
Standard...
Uze Faormat...

Earmat...

By default, al listings go to the Messages and
Lists Window. You can also direct listingsto a Deestination

Page Length
printer and/or afile. To control where listings & Conlinuoys
appear, choose List - Destination from the i oL
FEMAP menu. Here you can toggle on and off I Fie
the listing destination. x|

SelectFile... Cancel

te:

Make certain to toggle off listingsto aprinter or afile when you arefinished listing the desired
information. FEMAP will continue to send all listings to whatever destinations have been cho-
sen until they are turned off.

Example of Using Output Listings

We will once again use CH7WINGPOST.MOD. One very handy feature of List Output is the
ability to list asummary of the output data we read from an FEA analysis.

1 Select List - Output -

Entity Selection - Select Dutput Set(s] to List El
Unformeated from the F 4 C Bemove © Euchude el e
FEMAP Menu. FEMAP B o [ = = =

: o o Erevi DElE! OK. |
then prompts for the Out- = g [ [

Group | More | el || Cancel |

put Set(s) to use. Press OK
to use Set 1 and continue.
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2 Optl 0ons assocl atm Wlth List Unformatted Dutput
listing output are now dis-
. ¥ Allvectars, or
played. Toggle off all list- I Lst getData | =
; . ) Lt vactor D
ing options except for List I (sl S
Summary, then press OK I o St ( & 1 Golimn ) 3Eekmn
H ™ List Output Data
to continue.
¥ List Summary Cancel

FEMAP lists asummary of the Output Data for the Sets selected. This summary contains max-
imum and minimums for the entire output set that will help you quickly locate high levels of
displacement, force and stress.

Displacement Summary
Maximum Value  0.33584 Output Vector 1 - Total Translation
Minimum Value -0.038524 Output Vector 6 - R1 Rotation
Force Summary
Maximum Value  2990.69 Output Vector 51 - Total Constraint Force
Minimum Value  -2946.71 Output Vector 54 - T3 Constraint Force
Stress Summary
Maximum Value ~ 7022.13 Output Vector 3154 - Beam EndB Pt4 Comb Stress
Minimum Value  -6007.5 Output Vector 100227 - PItC1 Top MinorPrn Stress

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. An example of thiswas presented earlier in the
chapter. A report was created listing element forces to the Messages and Lists Window, sorted
by element shear force. Instead of duplicating that example here, please go back to the previ-
ous one and review it.

Describing how to create your own report formats is beyond the scope of this manual. Details
are provided in the other FEMAP manuals 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

List - Output - Query provides a quick method for retrieving the output results for a particular
node or element, or group of nodes or elements in your model.



7-40 Groups, Layers, Viewing and PostProcessing

Query Example

Choose List - Output -

Output Query
Query from the FEMAP Dutpul 1o Lit I
Menu. Simply set the Out- || oy set [T MECARSTREN Case T3] [~ AlSets | © Node & Elem
put to List options to the Caegoy [ ApOupe 7] L I T =

Output Set and type of data
you wish to query, and then pick a node or element of your choosing. Remember, move the
mouse to the ID field and then click in it to make it current. You can then type a node or ele-
ment number, or pick one from the graphics window with the mouse. Once a node or element
is selected, press the More button and the output data associated with that node or element
will be sent to the List Destination(s). Press Cancel when finished.

Dynamic Query

7.10

You can obtain results for a given deformation and/or contour plot at specific nodes and ele-
mentsvery rapidly. Simply turn on Dynamic Query (usually says Off and ison theright corner
of the Status Bar/Tray) to Node or Element, and then simply hold the cursor at a node or ele-
ment. FEMAP will then show abox providing information on the given node or element, as
well as the data at that location which corresponds to the deformed contour plot (if any).

You can even right click in the information to create that exact text to annotate the model at
that location, or left click to send the information to the List Destination, typically the Mes-
sages and Lists Window.

Getting Your Results to Other Programs

There are two ways you can report results into other programs. You can copy or save the

screen views, or you can create lists of the actual data. FILE - PICTURE - CoPY (Ctrl-C) copies
the active view to the clipboard. As previously described in this manual, the data copied to the
clipboard isavector image, and will paste as a vector image into any other Windows program.

The image can also be transferred in a standard Windows Bitmap, or as a Windows Device
Independent Bitmap. The File - Picture - Save command will save the active view as afile of
any of the above types.

If the selected view is animating, a special bitmap format that can be displayed with the
FEMAP REPLAY program will be created. You can also create a series of bitmaps that repre-
sent each frame of the animation. This series of bitmaps can be processed by other programsto
create animated GIF's for the Internet, or to create AVI files.

The current model can also be written out as a VRML file to be shared across the network or
web with any standard VRML viewer. You can write out solid geometry or meshes and even
deformed and contoured meshes.

Example of Copying a Graphics Image

For this example, set up CH7WINGPOST.MOD as a stress contour plot as previously
described in this chapter.
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vi

OupuLS et MSCNASTRAN Case 1
Contour:Plate T op VonMises Stess

Oncetheimageisdisplayed on screen, press Ctrl-C to copy it to the clipboard. Now, go to any
other windows programs that support graphics (Microsoft Word or Excel, PowerPoint etc.)
and paste theimage in, usually with the Shift-Ins or Ctrl-V key combinations.

Herosoft Word - Documentl =
dle Edit “iew |nsert Format Tools Table Window Help =]

I e A R N R e [ A [ =] Qe |

=|=| === =
o EEEEEEE

OutptSek MECHNEGTHEN Cane 1 ZHE
Cortour R Too Wb ses Sress 1

EEL
olo |~ o|B]8 % =] ol A€ |2]m] ] ]|
1 Sec 1A [AETT L Col2 | [FEC|[FER [ [ovm | e Foa

g

This entire manual was created by cutting and pasting FEM AP graphics and listings into
FrameM aker.
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Simple Solid

This exampleis used to show some simple solid modeling while keeping the number of nodes
of the solid mesh under the 300 node limit of the demonstration version.

>
|

g

Again, first start FEMAP and create anew model, or if FEMAP is already running, select
FILE - NEw from the menu.

8.1 Create the Geometry

The Base Primitive

1 Select GEOMETRY-SOLID-PRIMITIVES. T B
The solid primitives dialog box givesyoua = - Tie —
. . . . Di VeSOt
choiceof fivedifferent solidsto create. TWO | = ysis || © posive || © sk cortr B
H € Megative € Black - Comer
types of blocks, acylinder, a coneor a - DWN - s —
sphere. You can control the position of the e | g ||| ClCone < [z |
(o ¥ ,D— ¢ Sphere le— Cancel

origin and the direction, both relative to the
workplane. For this example the default val-
ues of aunit cube centered at the origin are fine, so press OK.
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Slice the Base

1 Firstwewill set up points
to use to define our cut-

ting plane. Choose
GEOMETRY-POINT. The
standard coordinate loca-
tion dialog box is shown.
Press the methods button
and select midpoint.
Select curves 1,2 and 3
pressing OK after each
selection. Press cancel to
exit the command.

NN

x
AN
NI

NERVERVARY

Midpoint - Enter

s or
CurvelD |3 Preview

‘mlﬁ— s [0 Biobal Rectangular |~ le” Cancel

Locate

Locate in ‘Workplane
Between

Offset

At Distance

On Paint

On Mode

Onto Curve
Along Curve
Mesh Location

Center
v Midpoint
Intersect - Curves

Onto Suiface
In Surfage
Intersect - Curve/Surface

2 Select GEOMETRY-
&)L | D'SL ICE. Pl Ck the Select Surface to Slice [x]

solid and press OK. ';7

Cancel
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Create the Geometry

3 Thestandard plane defini- R
tion dialog box is shown. | Ceedl
First, change the snap Wokplane..

mode to point, by either v e e
! 4 nap to Grid
A) Pressing the right Srapto Poirt
mouse button in the it
. . Pick &ll Inside
graphics window, and Select
then clicking the point Equations
Pasition.

option under Snap To, or

B) Using the toolbar Snap
ToPainticon, or C) Using
the Ctrl-P keyboard short-
cut. D) Choose the three
points you created in the
previous step and press

OK. Plane Locate - Specify Plane for Intersection [<]
Bsse R [<PT0) ¥ fePT] z[zP1) Prexiew |
Paintl ® [<FT(2) ¥ [rPT2) z|zF1ia
Paint2 ¥ [<PT(3) v [P1a) Z[zP1(3)
‘ (ST 0. Glcbal Fiectangulsl] Methods | ‘
4  Select DELETE-GEOME-
TRY-SOLID. Pick the Entity Selection - Select Solid(s) to Delete (%]

small corner section and

@ fdd ©C Remove © Excluds

SelectAll | Reset Pick ™ |
pr% OK : Pre$ Yesto lu[: I o b Ereviaus Delete ‘ ok I
delete the solid. Gap [ ] More | begod® | concel |

FEMAP [ <]

OK ta Delete 1 Selected Solid(s]?
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Add the Rectangular Boss

]
=
=
=

1 Select TOOLS-WORK-
PLANE. Pressthe on Sur-
face button. Pick surface
1, and points 2 and 3 as
shown in the above dia-
gram and press OK.

2 Choose GEOMETRY-
CURVE LINE-RECTAN-
GLE. A) Pressthe meth-
ods button and choose
Locate in Workplane. B)
Enter pointsat 0.2, 0.1
and 0.8, 0.4 pressing OK
after each one.

3 Select GEOMETRY-
BOUNDARY SURFACE.
Select the four curves of
the rectangle and press
OK.

workplane Management [x]
Define Mave Origin and
Sokcibae, | OffetDiance.. ||| ofetonon. || Snen Optos.. |
Global Plane. | Move to Foint. | o Diigin. |
n Surface | Rotate | Align X Axis |
Previous Align Y Axis Cancel
Plane Normal to Surface - Define Model Workplane
At Point 127 I~ g fo Surface P
e BT [ T Bevesbtein ——
Offset By \-_
| Cape [0 Blobal Fectangular =] | biethods * | Cancel
Locate in Workplane - Enter Coordinates or Select with Cursor x|
% [0z b4 K] Preview
ok
|1D [15 C5ys [0Globol Rectanguar =] | Parameters.. || ot | Cancel
@ Betwesn
Offset
At Distance
On Point
On Mode
Onto Curve
Along Curve
Mesh Lacation
Center
Midpaint
Intersect - Curves
Onta Suface
In Surface
Intersect - Curve/Surface
Entity Selection - Select Curve(s] on Closed Boundary
@ add  Bemove © Exchde Select All FEset Pick. ™
e i3 byfi vl RezEE | o ]
or
Group - More | Method” | Cancel |
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4 Select GEOMETRY-
SOLID-EXTRUDE. A)
Make it add-protrusion in
B) The positive direction

and C) To adepth of 0.25.

5 Select GEOMETRY-
SoLID-FILLET. Again
select the four curves of
the rectangle and press
OK.

6 Enter aradiusof 0.1 and
press OK.

View as Solid

1 A) Presstheview style
button on the toolbar and
choose solid. B) Pressthe
view style button on the
toolbar and choose Ren-
der. This putsyou in the
OpenGL graphics mode.

Extrusion Options
Solid 2. Blended Body Boundary 13 Active Selid
Material Diection Length e
© Hew } & Posiive & ToDepth Palter
£ Negativ 0.23 1
& Add-Fiotiusion " ToLooation B ||| Sk |
© Remove -Hole || I~ Bath Direstions || € Thru Al o | coenl
Entity Selection - Select Curve(s] ta Fillet <]
@ add © Remove  C Exchude sebotAl | Ao | Pk |
ID || fiz 0] Erevious Delete | oK I
o
Group = More | Method * | Cancel |
rede [ o |
[T3
i L= ]
Cancel

Solid
Fendered Solid

= Rg= 5
v Render B

Wwireframe
EA\> Hidden
v Fil
v Shading
Shink.

v Offzets
Orientation

Options. ..

8.2 Loads and Constraints

J.
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Loads

1 Select MODEL-L OAD-ON

SURFACE. FEMAP
prompts you to create a
load set. Enter aname
and press OK.

Select surface A as shown
and press OK

A) Select the load type
force/area. B) Make the
direction Normal to Sur-
face and C) enter avalue
of -500. Press OK.

Constraints

1 Select MODEL-CON-

STRAINT-ON SURFACE.
FEMAP prompts you to
create a congtraint set.
Type aname and press
OK.

Select the bottom surface
of the solid, surface B,
and press OK. Fix this
surface.

Create or Activate Load Set [x]
i} Title T
Reset

Cancel

Entity Selection - Enter Surface(s] to Select [<]
3 Shift-2B
@ 4dd  Remove © Exclude Select All Reset Em‘»tirﬁz

i} o by|1
o Fievovs | Delete o |
Groug 2 Moe | Method | Cancel |

Create Loads on Surfaces [x]
Load Set 1 Untitled
Colr[10° Palette.. Laper[1 CoodSys [0 Global Rectangular ‘
Force o eetEn

A € Components

Force Per Node © Vector & Sorstant
Mament b
Moment Per Area " flong Curve £ arahl e

Moment Per Mode:
Displacement

© Normal to Plane
Br=cif Sdyanced
Enforced Rotation = Normal to Surface

[Velociy oy

Eg&:&ﬂu\ﬁww Value: nction Dependence
Fotational Acceleration Magnitude [-5001 ne -
Pressure

Temperature
Element Temperature

Heat Flux
Heat Flux Per Area
Heat Elux Fer Node :l Phase |0 0 MNone -

I Midside Node Adiustment

Create or Activate Constraint Set [x]

B[ Tfefeonstant
Feset
Cancel
Create Constraints on Geometry
Constraint Set 1 constraint

| Colar 120 FPalette. Layer|[1 ‘

 Pived o Transision
" No Fotation Cancel
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8.3 Meshing the Solid
1 Choose MESH-GEOME-
TRY-SOLIDS.
2 The default values for solid meshing determined by FEMAP
are usually adequate to produce agood mesh, especially when | sizrar
Tet Meshing. However, in this case we are trying to keep the { DIEiEE @bty
number of nodes below 300. Enter an element size of 0.2. Il Sizing
Thiswill produce a coarse mesh, but again thisis just a dem- i b 166557
onstration problem. ¥ Replace Mesh Sizes on All Curves
p ¥ Min Elements on Edge 1
W Man Angle Tolerance 25
¥ MaxElem on Small Featue |6
tax Size of Small Feature 0.1EBEE7
¥ Mapped Meshing Refinemeant
r~Aszembly / Mult-Solid Sizing
™ Adiacent Surface Matching
I= | Remave Frevious Slaving
I= | Aditist Calars ﬂ

3 Since no material has

been created FEMAP
prompts you to make one. T I e I
You can enter in values or L st MassDensty [
press the Load button to e :g - :z P
bri ng up the material Paissoris Ratiomi [5 Shear o Fieference Temp
li brary Themd———————————— [ =

Expansion Coeff,a [0 M‘ —I

Condustivity, k 0 Nori
orlinear »>
Specifc Heat.Co [f

4 Themateria library

Shl pped W| th FEM A P Select From Library [<]
Contal ns matal a| propa- :bl;;yTEE:yA\ Platz 25-5
ties using English units FEEETEEY

(Ib, in, sec). You can cre-
ate your own materials
and store them in this

library or create your own Slaiss Sl [
library. Select a material
and press OK. %‘
Loy | [ oK | cenedl |
te:

Remember, there are no unitsin FEMARP. All dimensions must be kept consistent with
the unit system you use to define your material properties. Always make sure thisis cor-
rect from the beginning because it is extremely difficult to correct any inconsistenciesin
units once the model is built.
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5 PressOK inthe Define

[7050-TES1 Al Plate 25 Color[104 | Palette. Layer[1 Type. ‘

Material dialog box when Define Isolropic Waterial

the properties have been b w

| oaded.
Youngs Modulus, E  [10300000,
Shear Modulus, G W

Mass Density  [2 5424364

Compression  [e5000, 0

Limit
’}ensun EE000. Damping Coefficient

—
Poisson's Riatio, nu ,F Shear W Reference Temp =
- Themal =
Ewpancion Cosff.a  [1266 Furstons =
Conductivity, k ,m #
SpeciicHeat.Co [eaa72 —I oK Caneel
6  The automesh solids dialog box
appears. Deselect the midside e E
nodes box to turn off automatic Nodelp || 5w [ioeblRemgur =] | Hods Baem. | | ElemPan
insertion of midside node. This BemD [T Fupey [[0med 2] MewPop. |  Opons
| ‘Suface Mesh Orly

for any model, as four noded

I~ Midsick

Hodeg

Tet Growith Ratio |15 tal G
a

ncel |

isnot arecommended practice [}Mm

tetrahedral elements behave
too stiffly to get accurate

answers. It isonly done hereto keep the number of nodes below 300. Press OK.

The model is now ready for analysis

8.4 PostProcessing

Reading in Results

For this example we have included a FEMAP model file with results that you can use for post-
processing. If you have run your own analysis you may use those results.

1 Select FILE - OPEN. The
standard file open dialog

box appears. Navigate to Lok [SEemes 7] @) ]

the /Exampl es directory
and choose the
CHB8Post.Mad file. Press

open.
Filename:  [Ch7Post MOD Open |
Files of type: [ Model Fies [+ M0D) | Cancel
Postprocessing

This section will take you through some of the ways you can use FEMAP to view anaysis

results.
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1 A) Presstheview style
button on the toolbar and
choose solid. B) Pressthe
view style button on the
toolbar and choose Ren-
der.

2 Press Ctrl-Q or the view
quick options toolbar but-
ton to bring up the view
quick options menu. Press
the geometry off button
and the label's off button.

3 Select VIEW-SELECT,
press F5 or the view select
button on the tool bar to
bring up the view select
dialog box. Set the
Deform Style to Deform
and the Contour Styleto
Contour. Press the
Deformed and Contour
Data Button.

4 Thisbrings up the Select
PostProcessing Data dia-
log box. A) select an out-
put set. B) select an output
vector to use for the
model deformation. C)
select an output vector to
use for the contour plot.
Press OK. PressOK inthe
view select dialog box.

EX|T= [Ea

wiirefrane

Hidden
E\> Solid
Fendered Solid

v Fender B]
v Fil

v Shading
Shrink.
View Quick Options =]
View 1 Diefault X View
Load
[V Coordinate System ¥ Force ¥ Heat Generation
¥ Paint IV Node I Moment I Heat Fhu
¥ Cuve [¥ Peim Constraint W Themal ¥ Convestion
¥ Suface I¥ Element I Distibuted Load ¥ Radiafion
¥ Pressure
[ Fluid Tracki
F Borday | iers  Acestorion 'l; Llwk vacE\ngd[
Inknown Condition
EE}volune V' Conshaint ety ¥ Slip Condtion
M Test |V Constrsint Equation ¥ Nonlinear Force: B ranc
an Curve
' Contact 4 Bitptaeemen ¥ Paiiodic Concition

Al Ertiies O Al Ertides OH
e SiiE | Entity Colors View Colors
Geomety Of

Geometry On

Reset View
Analysis Entities On Ana&s\sEnhhesDHN

Load View. § -
LoadConstiaint On | LaadrConshaint 01t |
Labels O1f < ave View. |

Labels On

View Select [x]
View 1 Defauk v View
e Model | [ Defomes Contour ‘
D 1 None - Mot  Nere - Model Only
v
& e = Deform & Contou
v 5
P © Animate " Cieria
ve Setae !
o C FulHidenline | € Animale tuliGet € Beam Diagiam
ve Pasiton
-  FreeEdge  Veglar € lsoSuface
BT € FieeFace  Trace € Section Cut
i e |
pe
| Render I= [ ki D=fomation Vectar ‘
|
xyDaa. | ModelData.. | Deformed and Contour Data. |
[ oK | Eeed] |
Select PostProcessing Data
View 1 Default Xy Yiew
- Data Selection Srectioy SuHEton:
Category |0 Any Output i | | e e Diefinz Sestion.
Type [0.Value o Magniude = 1 CortaunEections
I™ Data at Comers Fhangz Spaing
- Duiput
gramm Analysis Type SetValue
A Jesrmen Static il
~ Dutput Yector —
Defomatian - Wi
M 588 £930ES
T Tolel Trarslation Bl e 22 .
Eitan
~ Maximum 1242 832112
E0031..Solid VonMises Stiess C 3 Minimum 200 4023573
A Ot G o || e

ConlourVectors.. | o |
Outpit SetIncrement 1 |

Fresbody Display,

Cancel |
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Press the Dynamic Dis-
play button on thetoolbar.
Rotate the view to see the

deformations and con- q

tours on all sides of the

model.

Sd &:t VI EW-SPECI AL POST-DYNAM IC Dynamic Section Cut Control [<]
CUTTING PLANE. Movethe slider bar to i e —

move the cutting plane through the model.
Press the plane button to define a different cutting plane using the standard plane definition
dialog box. Pressthe Dynamic Display button to rotate the view of the cutting plane. Press
OK when done.

Select VIEW-SPECIAL POST-DYNAMIC

Dynamic IsoSuitace Control
i -208.2773 2222003 Value Delta
| SOSURFACE. Move the dider bar to = e — —

change the value of the isosurface being
shown. The isosurfaceitself is calculated
from the output vector chosen for the contour vector. Put the cursor in the value box, enter a
value and press apply to see an isosurface at that value. Rotate the view if you would like.
Press OK when done.

Select VIEW-SELECT,

press F5 or the view select
button on the toolbar to e N e T
bring up the view select [P—— 2 Dra Madel ?Mone Model Only ; Nene - Modsl Oy
. = Features ¥ Deform Contour
dialog box. Set the Con- :: g:::vma & QuickHiddenLine | © Arimale  Ciera
tour Style to IsoSurface. e Pl e Bl
Pr% OK . £ %0 of Function " Free Face  Trace  Section Cut
¥ Render I I skip Defomation || € Vector ‘
Xebaa. | Modgl Data.. | Déformed and Contour Data |
3 | Cncd |
Select VIEW-OPTIONS or press F6. A) Pick postpro- View Oplions
cessing as the category. B) pick IsoSurface as the fen Oefaul ¥ View c
. e ontour Deformed. @
option. C) Check the Contour Deformed box to see P
the deformed output vector contoured on theisosur- [ A yr i o™ | -
face. Press Apply. Change the IsoSurface At value T
and press Apply to see a different isosurface. Press g;ig;;'éz}me Bl ————
ectar Style
OK. Use VIEW-SPECIAL POST-DYNAMIC | SOSUR- et e W
FACE to dynamically change the isosurface value. e iocd
Contour Type Is0Suiface Color
o T Belete..
ety
el
Cantour Vector Shie
5V Titles = e
Quick Options.. 0k | [ oK | cancel |
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10 Select VIEW-SELECT,

pressF5 or the view select Viow Soboot &
bUttOn on the too' bar to VIEXV:(W Deyau“wl\:::;l 1 Deforned Cantour 1
bring up the ViaN %Iect T  Draw Model £ None -Mod| € None - Mode Only
o " Eeatures  Deform 1o Enmnur
dialog box. Set the e | | ik  arigae © Cieia
Deform Styleto Animate e || e
and the Contour Style to ety | | TR ‘,1@.;: e |
Contour. Press OK. i \
xyDaa. | Morel Data Deformed and Cantour Data |
[ oK | Cancel |
11 Select VIEW-OPTIONS or
press F6. In the Postpro-
cessing category select iz 1 Dicfault 41 Yiewr
Animated Style. Change [ e
E 7
the number of framesto € ook and View St
. . % PogtProcessing 1. Linear - Full &bs
get asmoother animation. T TP
Increase the delay to slow Fost Tiles =
d th . m \laelurmgd “Sly\e Caolor Mode
own the animation. CEHER:
H Deformed Model 1..Monochrome &nimation
Select the Contour/Crite- Untemed ot
ria L evels option. Check T o
. . Contour/Citetia Levels — 12 et
the animate box to ani- Conc L Lo ——
rikeria Limits /B eam Dij
mate the contour colorsas B P —
well as the deformation. o actor syle
9 v =l
2 Titles Aoy
GQuick Optiors.. 0k | [ OK | Cancel |

Thisisthe end of this example. Before moving on, experiment with some of the different post-
processing options on your own.
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Turbine Blade

This example will illustrate some simple
solid modeling in FEMAP. First we will
read in an'IGES trimmed surface part.
Then in FEMAP we will stitch the sur-
facesinto a solid,.and then modify the
solid so we can get a proper FEA mesh.
We can then add loads and constraints
directly to the geometry of the solid
model. The final step in analysis prepara-
tion will be to create amaterial and then
use the automatic tetrahedral element
mesher to mesh the solid. To complete
this example you must have purchased
FEMAP Professional.

Wt e
You will not be able to save your model file or export to an analysis program if you are using
the 300-Node Demonstration version. A file with resultsis provided to use for the postpro-

cessing section of this example.

First start FEMAP and create anew model, or if FEMAP is aready running, select FILE -
NEw from the menu.

9.1 Creating the Geometry
Reading the IGES File

1 Seect FILE-IMPORT-GEOMETRY from
the FEMAP menu. The Windows File Geometry File to Import
Open Common Dialog Box appears. Lockin: | SEp
Navigate to the\Examples directory and
A) Select the TurbineBlade.igs file and
B) Press open.

File name: ITurbmeBIade.lgs Dpen B

Files of type: IAII Gieometry [* SAT,".X_T,“.IGS,*.STL,".DXFj Cancsl




9-2 Turbine Blade

2  ThelGES Read Options dialog box

appears. Thedefault val ues should work
for most IGES files and they will here, et Deten

W {iz:
SO pre$ OK- ™ Read Geometry Only

— Surface Options

¥ Bead Surfaces
& Default Trim Curves
2D Trim Curves
€ 3D Trim Curves

Intemal Scale Factor |39.37

i~ Processing Options

I Merge Coincident Points

Minimum Distance | 2.10613E-4
2 5 oK I Cancel |
e’

The messages and lists window will tell you what has been read and also log any errorsin the
import operation.

Stitch the IGES trimmed surfaces into a solid

1 Choose GEOMETRY-
SOLID-STITCH. The

Entity Selection - Select Surfaces to Stitch

Standard tity selecti « Add © Remove ¢ Excluds
andard entity ion . )
dialog box appears and o ; .

promptsyou to selectthe
surfaces to stitch. For
this model A) select all surfaces and B) press OK.

Select Alll Fi=e | Pick ™ |

Elevlnusl [iElete | OK I

More | Methnd"l Cancel |

The messages and lists window informs you that the model has been stitched and conforms to
Parasolid modeling tolerances. This simply means that the stitching operation was successful

and the model is now a FEMAP solid that can be operated on with FEMAP geometry com-
mands.

Rotate the View

1 ChooseVIEW - ROTATE

fromthe FEMAP Menu (or  view 1 Exanple 1 1o | jovetic | Hag.. | 7

use the Ctrl-R or F8 short- 2l ] BT pens[w YZF;:| — E = | H;:aﬂl
cutkeys) andyouwill see ¥4 Ll 6 ot =S EEE
the V|ew Rotate D|a|og z ﬂ J ﬂlg— " Sereen dues Z5<En:|nt| Back I {fhimeingy — Pan.. | Cancel I

Box. There are severa pre-
defined 3-D views that you can select from, you may want to experiment and press some of

them. Before leaving View Rotate, press Dimetric and then OK to dismiss the View Rotate
Diaog Box.
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Split Surface Along Constant UV Line

We now want to split the two large surfaces that make up the blade at the blade’s edges so tha
the mesh will not wrap across the edges. We will do this by imprinting a curve made from a
constant parametric value of the surface.

1 ChooseGEOMETRY-CURVE FROM SURFACE-UPDATE SUR-
FACES. This toggles whether or not the created curve imprint o

and splits the surface or surfaces it intersects. We want this option = et
Project Along Yector
on. Parametric Curve...
Slice...

v Updsts Surfaces

2 ChooseGEOMETRY-CURVE FROM SURFACE-PARA-

METRIC CURVE. FEMAP prompts you to select a sur- Sm S L
face. Move the cursor to highlight surface A and press ——
the left mouse button to pick it. Press OK. _ Cored |

3 FEMAP prompts you for
a location for the curve.
Press the methods button

. . _QK
and ChOOSE M|dp0|nt |1D| CSys IEI Global Rectangular j Earameters.. tethods | E

from the list. Move the

Midpoint - Select Location for Parametric Curve

CuvelD | Preyiew

v Locate

cursor over curve B in the Lt ittt e
diagram above to high- G

light it and select it with 1 Divtance

the left mouse button. e
Press OK. Onto Curve

Along Curve
Mesh Location

Center
Hidpaint
Intersect - Curves

4 FEMAP prompts you for a parametric curve direction. YoU can USS s
the surface lines to determine the proper direction. By default —
FEMAP draws 3 divisions in the U direction and 4 in the V direc| ¥ fBiesian
tion. So in this case select the U direction and press OK. T uDrecion _ Conca |

3avig INiguny




9-4 Turbine Blade

5 Repeat the above procedure thistime
using surface C and curve D. There
should now be curves along the edges

as shown here.
9.2 Loads and Constraints
Add Loads on Geometry
1 Choose MODEL-L OAD-
ON SURFACE, FEMAP =
prompts you to select a o m——————

load set or _creatt_a anew sl
one. Typein atitleand
press OK.

2 FEMAP now asksyou to

select the surfaces to Entity Selection - Enter Surface[s) to Select x|
apply theload. Pick the  Add € Bemove [ Exclude selectall |[ Az | Pick” |
two large surfacesonthe P / to] i e |
top of the blade and press G = More | Method* | Concel |
OK.
— =2 7
H:;:-?"/' !
i -
==
v
—— |
/:"/’/n -



Loads and Constraints 9-5

3 FEMAPdisplaysthe

Load on Surfaces dialog .
reate Loads on Surfaces [x]
box. A) Select pressure as Load S 1 Loads
theload type B) Leavethe Co[10 | Baete. | Lapaii FoodSys [0 Global Rectangdar ] ‘
dl reCtlon a normaj tO el & ;Dm& Per A _(D;'“ anrr‘nlal to Element Face s
ment face C) Enter a Force Per o i\ & Constont
oment Per Area 5 el Citve:  Wariable
vaue of 10 and D) Press Mot oot e e Vol
OK. it £ Homaio e
Welocity

Flotational Yelacity

Acceleration
R otational &cceleration
emperature

Element Temperaturs

Lo
Value Function Dependence
10y [0 More =l
Heal Flus

Heal Fiu: Per Area e
Heat E\ux F’El_Nude LI ase |
I AtComers D 2 o I o

4 Repeat the procedure above, this time selecting the bottom surfaces of the blade and entering
apressure of negative ten (-10).

Add Constraints on Geometry

1 Choose MODEL-CON-
STRAINT-ON SURFACE.

Create or Activate Constraint Set
FEMAP prompts you to D |1 Title IEnnstramtsI
select aconstraint set or : .
create anew one. Typein _ Bt |
aname and press OK.

Cahcel |
2 FEMAP promptsyou to

wle(:t S“Irfaces' PI Ck the Entity Selection - Enter Surface(s) to Select x|
two halvesof thecylinder " & agq ¢ Remove © Exohide ot | et | Pk |
atthebottomof theblade o W[ wf — | — | — |

and press OK. =
(Eifelt e} s More | Method | Cancel |

3avig INiguny



9'6 Turbine Blade

3 Constraints on surfaces

are always relative to the .

N Create Constraints on Geometry
gl Obal Coordl nate syStem Constiaint Set 1 Untitled
and can Only beflxed’ ‘ Color [120 Palette... | Laper|1 |
pinned or have no rota- —
tions. Make these sur- G
fa:% f|Xaj Press OK to e P|nnad - Mo Translation
create the constraints, £ NoRotation e

press cancel to end the

/:w \
V

9.3 Meshing the Solid

Suppress Small Features

The small holein the base of the turbine blade will not affect the results of the analysis but will
cause the mesh to condense in that area. To reduce the number of elements and our overall
problem size we will suppress this small hole before meshing.

1 Choose MESH-MESH
CONTROL-FEATURE

SUPPRESSION. Select the Enlity ID
turbine blade as the solid 5 Imprinted Body
model i 35..Imprinted Body

Cancel




Meshing the Solid 9-7

2 Inthefeature suppression
dialog box, A) Select -
Feature Suppression [ <]
manual, B) Select remove F
and C) Pr% the LOOpS ' Automatic _/A Ol
button. I | Ermaller itier 0 003543 BSea HLI
FF| Face drealess Than  [125547E - H:@Ll
IV | Edaes Shorter Thar 3.54327E-4 Surfaces.
i Set Color Ta
V¥ Curves |8254 Palette. | Restore All Features... |
¥ Surfaces |8254 Palette. | oK I Cancel |
3 Select one of the two
curves that make up the Entity Selection - Select Loops for Feature Suppression B
top of the small hole and @ 4dd C emove ( Eychide gelectall | At | Pk |
pr6‘$ OK. The surfa:es Of o I‘— EDI— by ;’rewous D;e (2 SK I
the hole should be grayed L — — ! — td ! — |
out indicating that they _ = =
are suppressed.
T .
- |
Meshing the Model
1 Choose MESH-GEOME-
TRY-SOLIDS.
2 Changethe Element Sizeto 0.05 and press OK. This element
sizeis determined by the shape and size of the various fea- Size For
tures of the model. The default values determined by ( Tl @ el
FEMAP are usually adequate to produce a good mesh. How- Ini| Szing
ever, as you gain experience with the solid mesher you may Aot b5
find that adlightly larger element size will still giveyou a ,'f i“:m‘““s': i E””l"f_
good mesh but greatly reduce the number of elements. On o et e Ea—

the other hand some parts may need asmaller element sizeto 20
produce a good mesh in certain areas. Also, keep in mind M5 of Sl Fosuns 5 OESEETE
that you can specify mesh spacing and mesh hard points on % Mapped Meshing Riefinemert

all curves and surfacesindividually. Thisis often the best

way to get the best mesh although it does take more time and careful planning.

3avig INiguny




9'8 Turbine Blade

3 Since no materia has
been created FEMAP

prompts you to make one. moine oo Hen =
You can enter in values or e ™ Cos Pate, | Lo T |
Limit Sty Mass Densit
pr_ess the Loaj bUtFOﬂ to Youngs Modulus. E l—“ Tension |—n Damping cnirrmi
bring up the materia SheaModdis & [ | | Cempressin [ [
||brary Passoris Ratio,nu [0 | Shear [l | Reference Temp
N 0.
- Themal
EpansionCosffs [0 F— 3 N ||
Conductivity. k o Copy.
specic owt. O ln— Monlingar »» = —

4 Thematerid library

shipped with FEMAP
contains material proper- i
ties using English units ot At s

(Ib, in, sec). You can cre-
ate your own materials
and store them in this

. o
library or create your own 11102 ot St

. . Stainless Steel Annealed
library. For this example Hogresiun 22318 =
select amateria from this Seach

. [ ———
library and press OK. o

Li 4 oK Cancel

te:

Remember, there are no unitsin FEMAP. All dimensions must be kept consistent with
the unit system you use to define your material properties.

5 PressOK inthedefine
material dialog box when

the properties have been
loaded.
6  Theautomesh solids dia-

log box appears. Leave
MNode and Element Opt

the Val uesas the defaults Nodeld [1 | CSus [0 GiobalFiectangular =] Node Param Elem Param.

and press OK. EemD [I | Popety [ Unitled =] | NewProp. Opions...
Mesh
[ 'l;mya;e xe;h Oy Tetfrowth Ratio [15  to1 |

When the model finishes meshing it will be ready for anaysis.

te:

You should always check the shapes of your elements before you run an analysis. Badly dis-
torted elements can cause incorrect results and analysis failure. For information on checking
element distortion refer to the FEMAP Command Reference.
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9.4 PostProcessing

Reading in Results

For this example we have included a FEMAP model file with resultsincluded that you can use
for Postprocessing. If you have run your own analysis you may use those results.

1 Select FILE - OPEN. The
standard file open dialog Open [71=]
box appears. Navigate to bk [Seames 1 B
the /Exampl es directory
and choose the
CH9Post.Mod file. Press

open.
File pame:  [ChBPostMOD Open |
Files of type:  [Moce Fies [<MOD] | Cancel

Graphical Postprocessing

This section will take you through some of the ways you can use FEMAP to view anaysis
results.

1 A) Presstheview style
button on the toolbar and

choose solid. B) Pressthe !Eg_
view style button on the Hidden

toolbar and choose Ren- E‘> Ee

der. This putsyou in Ren- ?El
der mode which allows St
dynamic pan, zoom and ook

rotate of solid contoured v Dite

models as well as Em“

dynamic isosurfaces and
sections cuts and also
speeds up general graph-
ics.

3avig INiguny



9'1 0 Turbine Blade

2 Press Ctrl-Q or the view
quick options toolbar but-

. . View Quick Options
ton to bring up the view w1 Defauk Y View
H H Geomet; Mesh Load:
qui ck options menu. Press -
¥ Coordinate System IV Force ¥ Heat Generation
the geometry off button F Foint 7 Node ¥ Honen 2 HeatFus
¥ Conwection
| Cuve [¥ Pem Constraint ¥ Thermal
and the labels off button. 7 Suface ¥ Element IV DistibutedLoad ¥ Radistion
[ Pressue )
=i Vet W Constrirt 7 Velocity o S;'D T
P Tes P ConsesitEaualon || ° NerlnesrFoce 7% 2t
' Contact I Brgfe=amsi ¥ Periodic Condition

Al Entities O All Entities Off
S esTn Eniies D1 |, Entity Colors View Colars
Geametry OfF <

Geometyy On

Eeset Vien
Analsis Entiis On | Analusis Entities ff ]M

LosdVien
Load/Canstraint On | Load/Constiaint Off |
LebelsDn | LabekiM ave Vi

3 Select VIEW-SELECT,

press F5 or the view select View Select ]
bu_tton on the t_00| bar to e e || petemes e ‘
brmg up the view select e © Drow Mo © Hone - Mo € Nore - Model Only

. ~ ;szsm o ‘E.E..?ELfre.s. 0 Dieform & Contou
dlalog box. Set the vy | | B /| brinae © Citeria
DefOI’m &yl e tO DEfOI'm % Eusm;n ? E:;I\i:;zn Line ? C:!:e—Mu\h&et ; i:::'z::vam
and the Contour Styleto it | SESESE S
Contour. Pressthe ] Rentr ‘ |
Deformed and Contour xyDaa. | ModelData.. | Deformed and Contour Data. |
Data Button. o ] o= |

4 Thisbrings up the Select

PostProcessing Data dia-
log box. A) Select an out- e i s Uy

put [S= 8 B) &alect an Category |0 Any Qutput - L@ el Define Secton

ect Tupe [0.Vale o Magniude = = ot Sesiions
OLItpUt v or to use fOI’ I™ Data at Comgrs Hitimiser Spamngl—

themodel deformation. C) ~oupt

ram Analysis Type Set Value
wa:t an OUtpUt VeCtor to 1. MSC/NASTRAN Case 1 vk A FSTHAN Static 0.
use for the contour plot.

~ Output

PressOK. PressOK inthe e s D Vale
view select dialog box. Tl G Mo o
o Maxirum 3228 130865
C Minimum 2899 7489172

T e e \?Iace Locations | Contour Options. |

ConlouVeotors.. | [T |
Ouput Set Increment i |

Frecbody Display.

Cancel |

5 In Render mode simply
click the left mouse but-
ton in the graphics win-
dow and drag the cursor.
The model will rotatein
XY. You can also use the
same Dynamic Display
options with the Alt, Citrl,
and Shift (Rotate Z, Pan,
Zoom)
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PostProcessing

Select VIEW-SPECIAL POST-DYNAMIC

CUTTING PLANE. Move the slider bar to A24E15 1 Velm pPr
i » Plane Cancel
move the cutting plane through the model. pFwEE (o |

Press the plane button to define a different cutting plane using the standard plane definition
dialog box. Pressthe Dynamic Display button to rotate the view of the cutting plane. Press
OK when done.

Select VIEW-SPECIAL POST-DYNAMIC

Dynamic Section Cut Control [<]

Dynamic IsoSuitace Control
i -208.2773 2222003 Value Delta
| SOSURFACE. Move the dider bar to . e — —

change the value of the isosurface being
shown. The isosurface itself is calcul ated
from the output vector chosen for the contour vector. Put the cursor in the value box, enter a
value and press apply to see an isosurface at that value. Rotate the view if you would like.
Press OK when done.

Select VIEW-SELECT,

press F5 or the view select
button on the toolbar to T — ‘

10

bri ng up the view select P © Draw Model © Mone ModelOnly || € None - bodel Only
. - ;v 5  Features & Deform " Contour
dialog box. Set the Con-  treamyate | | € QuikHiddenLine | € Anmste  Ciera
- " Full Hidden Line o Animate-tul  Beam Diagram
tOUI’ Syle to ISOSUI’face. (@ PRI " Free Edge  Vector & fsaSurface
Press OK. o | | € FesFace J| ¢ ieee € Saction Cut
7 Fender I Sk Defomation || € Votor
] |
Xebaa. | Modgl Data.. | Déformed and Contour Data |
[ 3 | Cncd |
Select VIEW-OPTIONS or press F6. A) Pick post-
processing as the category B) Pick IsoSurface as U By
[ Catea Contou Defomed ¥

the option. C) Check the Contour Deformed box to
see the deformed output vector contoured on the
isosurface. Press Apply. Change the IsoSurface At
value and press Apply to see adifferent isosurface.
Press OK. Use VIEW-SPECIAL POST-DYNAMIC

| SOSURFACE to dynamically change the isosur-

face value.

Select VIEW-SELECT,
press F5 or the view select
button on the tool bar to
bring up the view select
dialog box. Set the
Deform Style to Animate
and the Contour Styleto
Contour. Press OK.

" Lahels, Entities and Color
© Toak andView Style
A & PostProcessing

Options

Level Mode

1..5ingle lsosurface

Post Tiles
Deformed Style

ecior Shle

rimated Style
Dieformed Mode|
Undeforrned Modsl
Trace Style

Conlou Type
Contour/Criteria Style
Contour/Crleria Levels
Contour/Cilteria Legend
Criteria Limits/Beam Diagrams
Critera - Elements that Pass
Criteri - Elaments that Fail

ontour Veclor Style
Y Titles

| Dynamic Color Mode

T1..Use Wigw Colar

|

IsoSurface Color

|

lsoSurface At

o
=l Apply

Quick Optors.. Cobll | [ 0K | Concel |
View Select [x]
View 1 Default X View
g Model | | Defomed Contaur |
2 " Draw Model  Nore - Mod| ol :{Vn.l?.a..rdnde\ﬂn@
£ Featurss £ Defom & Eoriou
£ %Y vs Sey .
# Quick Hi # Animate  Citeria
R v SetValue
 Full Hide 1 AnimateMuliget  Beam Diagiam
XY vs Position
 FreeEdge  Veglar € lsoSuface
€ FieeFace  Trace € Section Cut
e Fnction I e  vou
% Render kip Defomation ector ‘
]
xyDaa. | ModelData.. | Deformed and Contour Data. |

[ 1

Cancel |

3avig INiguny
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11 Select VIEW-OPTIONS or

press F6. In the Postpro- View Opiions
C ng Cat%ory ﬂ&t VE::E;DW Default 20 Wiew e -
1 nale Step
Animated Sty'e Change ((: Labels, Enttis and Cot | g0
Tool: and Wiew Style
the number of framesto O irea s =
get asmoother animation. Opticns [3 e Haane =l
Increase the delay to Slow Defomes Stie 2 oo
. . [\ector Style:
down the animation D W
: Deformed Model 1. Monachiome Animation
Select the Contour/Crite- {ncefmed Hodsl L
: . Contour Type onochiome Color
riaL.evels option. Check e I
the animate box to ani- Contour/Citstia Legeny Frames Dol

Criteria Limits/Beam Di;

Crlteria - Elements that 4 1

Ciitgria - Elements that
IsoSuface
Contour Vertor Style

5V Titles = e
Quick Options.. 0k | [ oK | cancel |

mate the contour colors as
well as the deformation.

Experiment with some of the other postprocessing and viewing options on your own.



Cylindrical-Support

This example will demonstrate some basic line and surface modeling used to produce beam
and plate elements using the PARASOL I D modeling engine. (You can also use the ACIS
solid modeling engine to complete this problem, but some aspects of the mesh may be dlightly
different due to differences in the parametric definitions of the created surfacesin ACIS and
Parasolid). It will also show you how to build, orient and view beams so you can be certain
they correctly represent your model. Again, first start FEMAP and create a new model, or if
FEMAP isaready running, select FILE - NEw from the menu.

10.1 Creating the Geometry
Making the Underlying Surface

1 Choose GEOMETRY-CURVE LINE-
PROJECT POINTS. The standard coordinate = 2o 2l Piesiw
location dialog box appears. Enter apoint of 6 oo ctmemove = s | s | —
4,3,0 and press OK. Enter apoint of 4,0,0
and press OK. Press cancel to exit the com-
mand. Press Ctrl-A to autoscale the view.

Locate - Enter First Location for Projected Line ‘

2 Choose GEOMETRY-SUR-

FACE-REVOLVE. The Enlity Selection - Select Curve(s) to Revolve ]
Standard entlty Sel eCtl on & pdd  Remove © Exclude Select &1 Resat FLKAI
d|a|og box appears. LDr [ e[ mf Erzious QEIEIEA T |
Select the line you just U oo | o |_coe |
drew and press OK.

3 Youarenow prompted for "'“'E'E"'“' L “'“"“’" - —
avector to rotate about. » X Y 2[7 —
Enter coordinates of 0,0,0 Covs [0 Gt =] || Maoss” | | Carcel
and 011,0 and pI'ES OK Angle of Revolution
Enter a Rotation Angle of T -

Cancel

30 degrees El




1 0-2 Cylindrical Support

4 You should have created 1/12 of acylindrical surface 3 units high with aradius of 4. Rotate
the view to check you model.

5 Pressthe Dynamic Dis-
play button on the toolbar.

6 FEMAP displaysthe

bDyn Ilfl: Dbl Splay d;alr?g Dynamic Display
ox at the bottom of the i i

[AL) ey (900 G Szl Autogenterl oK I Cancel |
screen. & Fotate ¥7 © RotateZ © Pan ) Zoom [T Model Axes

7 Todynamically rotate your model, move the cursor inside the graphics window, then press
and drag it left to right and up and down. Thiswill dynamically rotate the model. By press-
ing and holding the Shift key, and pressing and dragging the mouse up and down you can
scale the view dynamically. Using the Ctrl key you can dynamically pan the view. Orient
your model similar to the view below and press OK or the Return key to leave the Dynamic

Display
Creating the Cutout Geometry

2

Lﬂ (L] 4

1 Choose TOOLS-WORK-
PLANE. Pressthe select
plane button. The stan-

Workplane Management | x|

Drefing P Move Plane Origin and

dard pl ane defl nltl on dla- SelEctEIane Offzet Distance... | Offset Origin... | Snap Options.. |
log box appears.
Global Plane... | Move ta Pairt... | Mave Drigin... | [~ Diaw Warkplane
On Suface... | Ratate.. | Aligh ¥ Auis... |

Done |

Previous AlignY Asis...




Creating the Geometry

10-3

2 First, change the snap
mode to point, by either
A) Pressing the right
mouse button in the
graphics window, and
then clicking the point
option under Snap To, or
B) Using the toolbar Snap
To Pointicon, or C) Using
the Ctrl-P keyboard short-
cut. D) Choose point 1,
then 2, then 3 asshownin
the previous diagram and
press OK.

3 Choose VIEW-ALIGN BY-
WORKPLANE toorientthe
view so you are looking
directly at the workplane.

4  Choose GEOMETRY-
CURVE LINE-RECTAN-
GLE.

A) Press the methods but-
ton and choose Locate in
Workplane.

B) Enter pointsat 0.3,0.3
and 1.77,2.7 pressing OK
after each one.

C) Set Your Snap Mode
back to Screen.

Ok
Cancel

workplate..

<

Snap to Screen

Snhap ta Grid
Snap to Point
Shap to Node

Pick &l Inside
Select [

Equations. ..
Position.

Plane Locate- Specify Plane for Intersection [<]
Base X [<PT[13) v [YPTO3) z[zP13) ==
Pantl X [<PT(15) v [VPTI5] z[zr05) |I
Point2 5% [PT(13) ¥ [vPTi3) 2[zr13)] =
Cancel
‘gﬁy& 0. Global Rectangular = Methads | ‘
Select... Fa
DOptians... F&
Advanced Post 3
Botate... Fa
Align By Coord Sys.
Along Vector...
Autoscale Chil+2 n
i Workplane
Magnify... Chrl+k4
Zoom... F? Dynamic...
UrZoom T
Lenter...
Locate in Workplane - Enter First Corner of Rectangle [x]
A Freyiew
3
‘!D 13 L5y [0-Global Flectanguler ] | Paamelers... | - Methods * || o

@ Locate
Between

Offzet

At Distance
On Paint
0On Mode

Onto Curve
Along Curve
Mesh Location

Ok
Cancel

Center orkplane..
Midpoint v Snap to Screen
Intersect - Curves Shap to Grid

Onto Surface
In Surface
Intersect - CurvedSurface

Snap to Point
Shap to Node

PFick Al Inside
Select 3

Equations...
Paosition.

(3}
<
=
r
o
2
0
-
-
(7]
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)
T
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~
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5 C) Select MODIFY-FIL-

LET. The Fillet Curve Fillet Curves
Dialog Box requiresinput Gaed e [3 |
of the two curves and a fuveg |9 Wil CerterHear X [3.55801394

location. FEMAP usesthe

C5ys |0.Global Rectangular || Parameters. |

]
W TrnCuvel ¥ TimCurve 2
yloem: | g0z
i3 Cancel |

|ocation on screen that

you select the curve at to
determine which of the
four possiblefillets
between two curves
should be used.

When picking thefirst
curve on theright side,
move the mouse to aloca-
tion dlightly inside the
rectangle, towards the | eft
side of the curve. Youwill
notice the line highlight-
ing, giving you a preview
of exactly which curve Y
will be picked. When you ‘
have the mouse in the ‘
position indicated, press I
the left mouse button to
pick the curve.

Pick the top curve, again
from inside the rectangle.
Make thefillet radius 0.3.
Continue until all four
corners are filleted.

te:

By picking inside the lines you specify afillet radius whose center will be toward
the sides of the picks. The effect of picking on other sidesisillustrated below:

Pick the center location
in the quadrant where
you want the fillet.

Pick here

Original Curves—"
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Project onto Surface

(3]
<
1 Choose GEOMETRY - c
CURVE-FROM-SURF_A(_:E- E_>vgpdate Sufaces E
UPDATE SURFACESIfitis = |
not already checked. This 'F:::;d o
is so that the curves pro- Eroiect..&long Wector... r
Jected onto the surface Parametric Curve... g’
will imprint on the sur- Slice... -
face. 3
2 Choose GEOMETRY- ’.°|
CURVE FROM SURFACE- ——
PROJECT ALONG VEC- e |
TOR. Select the surface
and press OK. Entity Selection - Select Curvels) to Project x]
& add C Remove  Exclude Select Al | | Fieoet R
1;? I I Previous | Delste
oy l—;[ More | Method” | Cancel

3 The standard entity selection dialog box appears and prompts you for curvesto project.
Select the eight curves that form the cutout (4 lines and 4 arcs) and press OK.

4  The standard vector dia-

log box appears. A) press
the methods button and Bae  X[PTEN  v[PTE9  2feies || Peew
choose normal. You now e C ]
pick three locations to |5y TR owee” | |
define a plane, the normal
. . Laocate
of which will be the vec- Locale / Lenth
tor of projection. B) Set gz:;f::"ts
your snap mode to points Faints
and C) Choosepoints 1, 2, b
and 3 as shown. Rotate [A\>, Noms
the view if necessary and =
press the preview button ;angw
to be sure the vector is Normal To Sutace
pointing at the surface. If L e

not, re-select the points
remembering the right
hand rule to define the
vector direction. Press
OK when done.
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10.2 Materials, Properties and Elements

Mesh the Surface
Create the Material and Property

1 Choose MODEL-MATE-

RIAL. You can enter in
values or press the load
button to bring up the
material library.

The material library
shipped with FEMAP
contains materia proper-
ties using English units
(Ib, in, sec). You can cre-
ate your own materials
and store them in this
library or create your own
library. For thisexample
select amaterial from this
library and press OK.

Define Isotropic Material

‘m Lﬂeli

Color[55 | Paletie.. | Layer[t Tyge

ShearModuus. G [0

Limit
“Youngs Modulus, E [ Tensi
Poisson's Rafio. ny [0

Compression [ Jo

Shear [i | Fefmence Temp

t Mass Densty |1
ion 0 Damping Coefficent

0.

~Themal
d 3
Espansion Coeff.a [0 E— E—%‘ LI
Conductivity, k ,—D Copy.
Moriineat »»
Speciiic Heat, Cp 0 Cancel
Select From Library
Library Ertry

7075-T651 Al Plate 25-5

IS 4340 Steel

155PH Gtainless H1025
17-4PH Stainlezs H1025
2024-T351 Al Plate.25-5

BO51-TES1 Al Plate

4151 4130 Steel

Stainless Steel Annealed

Magnesium AZ31E

Seach
—

Al

Librar D“ Cancel

TiGAkY Gol Tr & Aged .
151 1025 Carbon Steel

252

Press OK in the define material dialog box to create the material. The dialog box staysup and
allowsyou to create another material. We only need one for this example so press cancel to

exit the command.

Choose M ODEL -PROP-
ERTY. A) namethe prop-
erty plate. B) Enter a
thickness of 0.025 C)
Select material 1 fromthe
drop down list. D) Press
OK to create the mate-
rial. Thedialog box stays
up and alows you to cre-
ate another property.
Press cancel or ESC to
exit the command.

Define Property - PLATE Element Type

o Title [plate A
Color 170 || Pabwm)

S
Material[ 1. G061-TES1 Al Plate C
(T — Elem/Property Type.

Blark or T3 [0
Blark or T4 [0
Monstructural mass/aisa |0,

(- Properly Values nal NASTRAM Options |
Thicknssses, Tavg or T1 [0.025 Bl gendstiness, 120m3 3
blank or T2 |0 TShear/Mem Thickness s/t [0,

Bending [0 Plats Material ~
Transverse Shear |0 Flate Material -
Memb-Bend Coupling [0 None - lgnore ~

~Shiess Fiecovery [ Defaull=T/2]

Top Fiber [0
—

Battom Fiber [0

T

Cancel |

P

Copy. |
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Mesh the Surface

Choose MESH-MESH (o)
CONTROL-DEFAULT ;
SIZE. Ma_kt_atheszeO.SS ,sm— 2
and the minimum ele- BTy = e
ments 2 and press OK. 2 o
Choose MESH-GEOME- |E
TRY-SURFACE. Selectthe (7))
outer surface and press s
5]
OK. 3
The automesh surface dia- =.°|
log box appears. A) utomesh Surtoces =]
o et E—
B) Make the element ey Bl Shop

Shape a” tI’I ang| es and C) Min Elements Between Boundaries B T

Max Element Aspect Riatio

press OK. © Quads ( when allintemal angles are within

W Quick-Cut bound:
El

~Hesh Smacthing

# Laplacian Max lterations  [20
[ _ conca
£ Certoidsl  SmocthTo  [oom

with more than ,ED— degrees of 90 degrees |
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Add Beam Stiffeners
Create the Beam Property

1 Choose MODEL-PRroOP-

ERTY. Define Property - BEAM Element Tyza
o[z Title [beam A [2..7050 TE&T Al Flale .25- .
A) Name the property Colar[1 | o] B Jecnmopen e
beam. ~ Property Yl — rmeemovery (2 to 4 Blank=Squars]
™ Tapered Beam EndA Erd Y z
Area, 8 [0 [o. Enda1 [0 Jo.
B) Pre$ the El em/PI’Op Moments of Ineitia, 11 [0 B 2o o
b 1z[o o afo Jo
utton 112[o [o. 4o Jo.
Tersional Constant, J [0 o End B o o
¥ Shear Area [0 0. 2o 0.
C) Select beam asthe per | ' ' '
Z Shear trea [0 [o 2o [o
property '[ype and pI’ESS Honstuct massdength [0 o 4]o o
OK. ¥ Nevtral Auis Offest [0 0. Y Load Save. Copy.
Z Neutral Asis Offset [0 0 D) Shape. | oK I Cancel |
D) Press the shape button —a
. _
in the Define Property ET—
H L ~Fi
dialog box.
" Rod £ Sheat Panel
 Tube £ Membiane
 Curved Tube  Bending Dniy
O Ba £ Plate
& Bean  Laminate
" Link " Plane Shain
€ Curved Beam £ Plot Dnly
€ Spiing
~Volume Elements
" DOE Spring
 Gap  fvisymmetiic
© Plat Only £ Solid
~ Other Elements
 Mass
O bass Matix 1 Slide Line
© Rigid " Contact

€ Stiffness Matrix

B e izl i | oK |

Fomulation | cancel |

2 A) From the drop down
list select Angle (L) Sec-
tion for the shape Cross Section Definition
B) Enter values of 0.1 and A > stape[inge isecion =]
0.15 for height and width. =
C) Make both thicknesses : B . -
0.025. » 3
D) Pressthe draw section
button to draw across E:: e
section of the shape. L
E) Take note that the Ref- e
erence Point isin the bot- I_TE # i ,’:iﬁl Zfﬁl
tom left hand corner. This e el | ]
will beimportant when * Odrtaton Diecion

we mesh the curves ) Un :
 Left 1 Right

I¥ | Chenge Shape © Down
. ™ Compute Shear Center| " Biraw Section”
Press OK to exit to the e :Ln% o concel |
Main Beam Element Type

selection screen and say
OK to create the property.
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3 We now want to set the
offsets so that the beam
will sit on top of the plate
as shown below. This
could be difficult for each
individual e ement, but
we will use Mesh
Attributes to automati-
cally assign the proper
orientations to curves that
we will automesh.

Select M esh-Mesh Con-
trol -Attributes Along
Curve, select the three
curves around the surface,
one straight and the two
arcs. In the Curve Mesh
Attributes dialog box

(A) pick the beam prop-
erty wejust created

(B) pick Location asthe
type of offset

(C) pressEnd A Offset.

This brings up the Offset
from Ref Point dialog box
which allows you to
locate the beam with
respect to its Reference
Point. Enter (D) aY Loc
on Curve value of -0.025/
2 (half the plate thickness)
and press OK.

Back in the Curve Mesh
Attributes box press End
B =End A (E) and then

press OK.

The vector locate dialog
box will appear. Change
the method to Normal to
Surface, pick the surface
and a point on the straight
curveyou selected. Check
the reverse direction but-
ton (F) so that the vector
points toward the center
of the cylinder.

BEAM

N

PLATE

Curve Mesh Attributes

Froperty |2..beam A
0ff

j Mew Prop. |

Orient Using
i+ Yectgl

£ et

" Locat + L ocatior

= e

End & Uffsel.(c—l End B = End & E]

Releases.. |

End B Offset...[On] Mo Offsets W

Cancel |

Offset From Ref Point B
* Loc on Cugee

-0.024
Z Lo on Cubves Cancsl |

Jo

Yector Normal to Surface - Define Element Orientaticeector El
Onsutsce [t I Heverse Diection Previen |
‘ LCSys IU..GIDbaIHe:tangulal - Methods | Length IT Cancel |

(3}
<
=
r
o
2
0
-
-
(7]
(=
)
T
(=)
~
-




1 0-1 0 Cylindrical Support

Repest the above process on the straight curve you did not select before. Refer to the command
reference for moreinformation on mesh attributes and offsets.

5 Choose VIEW-OPTIONS.

N . . Yiew Options
'tl)'he vi ‘3"’ (ipt' $S diaog View 1 Defalt 3y View
OX IS di .
play A Categary Show Orientation IV
:E ' Labels, Entities and Color
. v Elemert Shape
A) Select the L abel S, Enti- " Tools and Wiew Style 0. Line/Flare Onlp
tiesand Color Category: ' PostProcessing 1..5how Fiber Thickne:
- b [nertia B at
. Options C " = Hok
B) C_h00$ Element-Ori- Label Parameters -
entati On/Shape asthe go_ordinate System T | Color Mode
. b
option, and Curve
Curve - Mesh Size 1..Use Yiew Color
Surface
C) Select Show Cross Baundary Viow Col
. “alume ey Lolar
Section as the Element Test T e
Shape option. Mode _ _I—
Mode - Perm Constraint
Element
Press OK and the Cross Element - Directions
) Element - Dffsets/Releazes
Sections of the mesh Element - Orientation/Shape
attributes are drawn. The et e o)
; Apply |
picture should resemble
the one below. Noti ce, the Quick Options... Chl+d | oK I Cancel I

beam cross sections are
on top of the plate.
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Generate the Beam Elements

use-meshing-attributes
has been selected for you.
Press OK to mesh

(3]
<
Choose MESH-GEOME- c
TRY-CURVE. Select the Geometry Mesh Opions = E
~Mode and Element Opt
fpur curves along the out- HodelD [405 | CSys  [0.GlobalFiestanuiar | [S-tdsgeiiodzs  Node Param !
side of the r&)tangular ElemID [332 P ’ﬁ;ﬁiﬁnp_[ Elem Param g
surface. The Geometry & il -
Mesh Options dialog box SRR e N o
appears A) NOtI Ce that {Elements and Nodes E]i el Bk [l 1
T
(=]
x
-]

te:

Remember, Beam el ements have their X -direction defined as going from the first node to
the second, the Y-direction defined by the user (usually avector orientation) and the Z-
direction defined by the cross product of the X and Y directions.

Copy the Elements to Make a Quarter Cylinder

Select MESH-ROTATE-

ELEMENT. Select al the Enlity Selection - Select Element(s) to Copy by Rotation ]

elements, beams and Eiadt OBenoe Clschde Select Al Pick ®

p| ates. ‘D[f I o byt Brevious | | Delete oK
i i More | Method” | Cancel

In the Generation Options
dialog box change the Generation Dptions

number of repetitions to 2 ey Antins
I™ Use Existing Nodes € Use Curent Seltings =

and press OK. St ||| © MachGrneigrais | T
e Dt 4 I™ Update E very Repetition

In the Vector Definition

dialog box change the Vector Locats - Enter Axis of Rotation =]
method to locate and enter Base z:u ::U i:ﬂ Pregien
avector with a base of i _ o L= ]
0,0,0 and tip of 01,0, |ty [F-Evbaireamgin =] | bishod” | | Conce
Press OK.

Make the rotation angle

30 degrees. Thiswill
make two copies of the
elements, each 30 degrees
from the previous one.
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WZN
NS
A\

N\

Merging Coincident Nodes

1 Select TOOLS-CHECK -

Entity Selection - Select Node([s) to Check

COINCIDENT NODES from

& Add Remove " Exclude seleatall [[ Rzt | Pk |
the FEMAP menu. e

o L oyl Erewousl Delete | oK |
FEMAP promptsyoufora =

Group T Mo | Method* | Cancel |

list of nodes to check,
press Select All and then
OK to continue.

2 FEMAP now asksif you would like to select another
range of nodes to merge. Answer No to continue.

FEMAP

OF to Specify Additional R ange of Modes to Merge 7

3 The Check/Merge Coincident Dialog Box

Check/Merge Coincident

is now displayed. Check the Merge Coinci- MainimDircs ohiage oo

dent Entities box. Press OK to continue.

Optior | Reporting

W Herge Concideni Eniiies ¥ List Coincident Enlies
™ Make Group to Keep
™| Wake Group ta Merge

Cancel
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10.3 Constraints

Adding Constraints 2
We want to fix the bottom of the cylinder to simulate sitting on the ground. We also need to E
add symmetry constraints to the ends of the quarter cylinder so it solves asif it were a com- o
plete cylinder. %

>

-

) (/]

1 First weneed to rotate the s
view to facilitate easy node  view 1 Exanple 1 -
wleCtlon Ch00$ VIeN B : J J ﬂ = LElE ::Fig:tl EL:F[ l lDirmaltri‘s l Zhiui" l i HDe:awl g
Rotate from the FEMAP 1 ] HE e — = = — = -

PBan... | Cancel I

2l I BT © Sementues 28 Front|  Back, |[[Timaiic:

Menu (or use the Ctrl-R or
F8 shortcut keys) and you
will seethe View Rotate Dialog Box. There are several pre-defined 3-D views that you can
select from, you may want to experiment and press some of them. Before leaving View
Rotate, press X-Y Top and then OK to dismiss the View Rotate Dialog Box.

2 Select MODEL-CON-

STRAINT. FEMAP
prompts you to create a Bf I e —

constraint set. Typeina st
name and press OK.
Cancel

3 Hold down the shift key

to enabl e_ bOX pl Ckl ng (Or Entity Selection - Enter Node(s) to Select B4
use the Pick Menu) and & Add " Remove ¢ Exclude SebctAl | Resel Pk |
carefully select all the P I ] previous | Lel= [[ gk |
nodes on the left edge of [ — Moo | Wetod | Concd |
the model.
4 A) Constrain these nodes
by pressing the X-Sym- Create Hodal Constraints/DOF [x]
metry button. Pr% OK Constraint Set 1 con
gmmW Palette. Layer[1 Coord Sys W ‘
5 FEMAP promptsyou to oo : 4 it Hensm
select more nodes. Again S W ey ey R
: c IR Y ¥ RZ Free No Rotation =— —= Cancel
make a box pick but this | e
time choose the nodes on
the right edge of the Entity Selection - Enter Nodels) to Select =]
model YOU may need to & pdd C Remove ( Exclude Select Al Reset Pk ™
re-orient your view to do ? e ol e
this B | _ Moo | Mooz | Coree |
6 A) Constrain these by
pr ng the Z-%/mmetry Create Nodal Constraints/DOF [x]

Constraint Set 1

button. Press OK.

con
Colar[120 | Paetie Layer[1 Coord Sys [0 Global Rectangular = ‘
Pioned

DOF
m =l 1y iz Fixed
¥ Rx ¥ RY I RZ Free o

X Spmmetry | X AniiSym

¥ AnfiSym

—————— Cancel
2 fnliSym

¥ Symmetry
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B

7 Again FEMAP prompts you for Entity Selection - Enter Node{s) to Select

more nodes. Thistime we want to Dol W Emmn W Gl Selectal| | Rzl | ik
select all thenodesalong thebot- & ui Prvio | _poic
tom edge. You may need to re-ori- e K More | Method” | Cencel

ent the view to make the picking
easier. When you have finished picking press OK.

8 Completely constrain these nodes by press-  perrETwms ]

ing the Fixed button. Press OK. Since ConstaitSex 1 eon
some of the nodes on the bottom are the L[ pote | Lan e e

DOF mmetr, Antizym
sameasthoseontheside (thecorner nodes) | = me i b e o e S
FEMAP will ask you if it is OK to over- i A B e ey
writethe existing constraints. Inthiscaseit

R FEMAP
d0$ nOt mdter Whaha‘ you OVererte Or Selected Constraints &lready Exist
combine since the constraints you are add- OK o et o-Combinel?
ing also constrain the DOF you are over- o ([ o

writing. However, in other cases you may
have to be sure one way or the other.

The model is now ready for modal analysis. Try adding a distributed |oad on the top of the
model and do a structural analysis.



Pipe Intersections

The following example is actually two examplesin one. The first will show you how to inter-
sect pipes using surfaces for meshing with plate elements. The second one will make a solid
model for solid elements. These will not be complete examples, no loads or constraints will be
added, and the models are not meant to resemble any actual parts. These examples are mainly
meant to present some new modeling techniques available in FEMAP. To perform this exam-
ple, you will need to have either the ACIS or Parasolid modeling engineactive. If you havethe
300-Node version, you will not be able to save your model file or change the model after
meshing due to size limitations.

First start FEMAP and create anew model, or if FEMAP is aready running, select FILE -
New from the menu.

11.1 Surface Intersection

11.1.1 Geometry

In this example we will create anumber of intersecting cylindrical surfaces. We will break the
surfaces along their curves of intersection and then mesh the surfaces we need.

Create Surfaces

1 Choose GEOMETRY-CURVE-CIR-

Locate in Workplane - Enter Location at Center of Circle [<]

CLE-RADIUS. Thecoordinateloca- x@ v[o Freview
tion dialog box appears and prompts o |
you to enter the center of the circle. ol C5ys [0 Global Aoctanguin =] | Parameters.. | Methads ~ | | ot
Pick apoint onthescreenand press [N TR TR
OK. The box appears again and % [0.73516431 ¢ [023636445 _ Preven |
w(s you for a.IOCaI| onon the cl rCI e ‘lD | LCSps IU. Global Rectangular LI Parameters.. Methods ™~ I ‘ %
Pick a point about half a unit away

from the first point and press OK.
A circle should be drawn.
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2 Choose GEOMETRY-SUR-

FACE-EXTRUDE. FEMAP Entity Selection - Select Curve(s) to Extrude (%]
prompts you to select a & 4dd " Bemove " Eulude sootal [ Fzet | | Fisk” |
curve to extrude. Select pf el el Bems | | Dok || 06|
the circle and press OK. o = More | Method | Cencel |

3 FEMAP prompts you fOf avector to Vector Locate - Enter Vector to Extrude Along [=]
extrude along. Enter abaseof 0,00anda 4. u v zfo —
tip of 0,0,3 and press OK. Thiswill pro- Ir %o "o z[z oK
duce acylindrical surface 3 unitslongin |coye [iEiona Focongr =] | iehods™ | | Cancel
the z direction. Press cancel to exit the
command.

4  Pressthe Dynamic Dis-
play button on the toolbar.

5 FEMAP displaysthe
DynamIC D|5p|ay dIaIOQ Dynamic Display =

bOX at the bOttom Of the (&) (O] (Shit) I Single fxis e —— —
screen. & Foaizstt © RotateZ © Pan  Zoom [ Model Aues = —

6 Todynamically rotate
your model, move the
cursor inside the graphics
window, and then press
and drag it left to right
and up and down. This
will dynamically rotate
the model. By pressing
and holding the Shift key,
and pressing and dragging
the mouse up and down,
you can scale the view
dynamically. Using the
Ctrl key in combination
with pressing the left mouse button and dragging, you can dynamically pan the view. When
you get the model in an orientation similar to the one shown, press OK or the Return key to
leave Dynamic Display.

7 Choose TOOLS-WORK-

PLANE. Pressthe select Workplane Management
pl ane button. The aan_ Defing Plany Move Plang Origin and

dard pl ane deflnltlon d|a' 5 Gelect Plane.. Offset Distance. | Qffset Origin. Snap Options... |
Iog box appears. Global Plane | Mave to Paint | Mowe Drigin ™ Diaw Warkplane

On Surface... | Fotate.. | Align ¥ Axis..

Previous Align Y Axis..

Dane |
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8 First, change the snap
mode to point, by either
A) Pressing the right
mouse button in the
graphics, and then click-
ing the point option under
Snap To, or B) Using the
toolbar Snap To Point
icon, or C) Using the Ctrl-
P keyboard shortcut. D)
Choose point 1, then 2,
then 3 as shown in the
above diagram. E) Press
the preview button to be
sure the planeis dlicing
the cylinder in half. Now
press OK.

9 Choose VIEW-ALIGN BY-
WORKPLANE toorient the
view so you are looking
directly at the workplane.

10 Set your snap mode back
to screen. Repeat the
GEOMETRY-CURVE-CIR-
CLE-RADIUS command
and put acircle on the
workplane somewhere
inside the boundary of the
cylinder as shown.

Ok
Cancel

orlplane.

<

Snap to Screen

Shap to Grid

Snap to Paint
Shap to Node
Pick All Inside

Select »

Equations.
Position..

R <

Plane Lacate- Specify Plane for Intersection

Base X [xPT(3) ¥ [YF1013) z[zrTn3)
Fontl X [<PT(15) v [YPT(15) z[zPTiE)
Point2 3 [<PT[13] v [vPT(T3) Z[zPT3p]
‘;Sys 0 _Global Rectangular = Methads * ‘

Tile

Eascade

Window...

Layers...

Select... F5

DOptions... F&E

Advanced Post 3

Botate... F&

Align By Coord Sys...

Along Yector...
Autozcale Chrl+&, o
; whorkplane

Magnify... Chrl+t

Zoom... F7 Dynamic...

UnZoom T

LCenter...

Pan.. Chrl+P

)
N—

e
)
m
4
-
m
A
n
m
0
!
(=}
z
(7]
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11 Choose GEOMETRY-SUR-
FACE-EXTRUDE. FEMAP
prompts you to select a
curve to extrude. Select
the circle and press OK.

Entity Selection - Select Curve(s] to Extrude

12

FEMAP prompts you for

avector to extrude along.
A) Press the methods but-
ton and choose normal. B)
Set your snap mode back
to points. C) Pick three
points on the circle you
are extruding to define a
vector normal to the cir-
cle. D) Change the length
to 1.5and press OK. Press
cancel to exit the com-
mand. You should now
have two cylindrical sur-
faces.

Intersect Surfaces

1 Choose GEOMETRY -
CURVE-FROM-SURFACE -
UPDATE SURFACESIfitis
not already checked. This
is so that the curves cre-
ated on the surface will
split the surface.

2 Choose GEOMETRY-
CURVE FROM SURFACE-
INTERSECT, select one of
the surfaces and hit OK.

@ pdd " Remove (" Exchids selectall | Fee | Pik” |
b i byt Previous [iE(Ete, | oK I
o
et - boe | Method " | Cancel |
WVector Normal - Enter Vector to Extrude Along [ %]
Base % [M i z[o. Previan
Tp1l %[0 v i z[o [
Tp2 ®[0 v [o 2 ol
|§Sys 0.Global Fectangular = | Methads © Length [
T
v Locate
Locate / Length
LComponents
Direction
Points
Hades
Bizect
MNormal
Bz
Global sxis
Tangent

D v Lpdate Surfaces

Intersect

Project...

Project Along Yector...
Parametric Curve...
Slice...

Select First Surface for Intersection [ ]

| Cancel
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3 Select the other surface

and press OK. A curve
should be created where Ip

the two surfaces intersect
and the surfaces will be

split along this curve. We
now have surfaces we can
mesh to form intersecting

pipes.

3
, T
/ m
7 -
K z
=
3
Create Material and Properties (7]
m
(3)
d
1 Choose MODEL-MATE- g
RIAL. You can enter in @
values or pr_&esthe load ‘m e coofE | paate. | L[| Twe |
button to bring up the o o
. . it imit Sty ass Densit
material library. T e e
Shear Madulus, G |g— Compression |—g - 0.
Paisson's Ratio, ry l—n Shear l—n Fieference Temp -
~Theimal——
EwpansionCosffa 0. e 1 i‘ &=
Conductivity, k IU_— T Copy.
Specific Heat, Cp ln— crinear> Cancel
2 Thematerid library
shipped with FEMAP
contains materia proper- e
ties using English units Ml etk _
(Ib, in, sec). You can cre- 17301 stonics 1022
. 2024-T351 Al Plate . 25-5
ate your own materials £061-TE51 Al Plate . 252

FORILTEET 4] Flale 25.5
70751651 4] Plate 25.5

qnd store them in this e
library or create your own Sl e
. . Stainless Steel Annealed
library. For this example Hagresiun 42313 =
select amaterial fromthis —
library and press OK. o
Librar »“ Cancel

3 PressOK inthe define material dialog box to create the material. The dialog box stays up and
allowsyou to create another material. We only need one for this example so press cancel to
exit the command.
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4 Choose M ODEL-PROP-
ERTY. A) Name the prop-
erty large pipe. B) Enter a
thickness of 0.1. C) Select
material 1 from the drop
down list. D) Press OK to
create the material. The
dialog box stays up and
allowsyou to create
another property.

A) Name the second prop-
erty small pipe. B) Enter
athickness of 0.05. C)
Select material 1 fromthe
drop down list and press
OK to create the material.
The dialog box stays up
and alows you to create
another property, but we
are done so press cancel
to exit the command.

A

i Tile[Largs Fipe [T RIE0-T651 &I Plat=_25-5ha
Color [17g | Palette T — Elem/Property Tugpe

- Praperty Values ddiional MASTRAM Dptions |
Thicknesses, Tavg or 71 |01 B Bend Stiffness, 121473 [0
blank or T2 |0 - TShear/Mem Thickness ts/t [0

blank or T3 0. Bending [0..Flate Material hd
blank or T4 |0. Transwerse Shear |0.Flate Material -
Marstructural massdarea |0 Memb-Bend Coupling [0..None - lgrare -

[~ Shress Recovery [ Defaul=T/2 ]

TopEber [0 Load | Save | o |
Bottom Fibey [0 Capw. | cancal |

Define Property - PLATE Element Type

D2 Tite [Small Pipe Material[1..7050-T C
Color [11p Palette.. | L) Elem/F!

651 41 Plate
operty Type.
ddiionsl NASTRAN Options
B Bend Shffness, 1273 [0

~Propsity Values
Thicknesses, Tavger T1 [0.05

11.1.2 Materials, Properties and Elements

Meshing the Surfaces

1 Choose MESH-MESH
CONTROL-DEFAULT
SizE. Enter asizeof 0.1
and press OK. Thissize
will give us an adequate
mesh.

Choose MESH-GEOME-
TRY-SURFACE. Selectthe
two large surfaces of the
longer pipe and press OK.

blank or T2 |0 TShear/Mem Thicknesedsit [T
blankorTa [0 Bending [0 Fleie Malmial v
Blark or Ta [0 Transverse Shear [0.Flate Material ¥
Norstuctual mass/aiea [T Memb Bend Couping [1.None -lanor= =]
- Stisss Rescovety | Dsfault=T/2)
o — Lead. | swe. [ o |
BottermFiber [ (e | concal |
Default Mesh Size =]
Size
T—
Min Elem Carcel |

1

Select Al Reset Pick ™
Delere |[ ok
|

Method

Entity Selection - Select Surfaces to Mesh

& pdd € Bemove ¢ Egclude +2
o to by

o

[roup: -

v

More Cancel |
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3 The automesh surfaces
dialog box appears. A)

:
Select the Large Pipe ~Node ore Elemert Opi
0..Global Aect: I - P
property from the drop Nede D [i = obal Flectanguiar paom._|_Em Paan
. ElemID [7 Property [[ERIED Frop.
down list and press OK. 3|
~ Mesh Contral Elemert Shap:
Min Elements Between Bourdaies 1
& Al Triangles
Max Element Aspect Ratio 2. 1
) £ Quads ( when all intemnal angles are within
¥ Quick-Cut boundaries with more than lm— degrses of 50 degress )

[0 | nodes

~Mesh Smoothing

& Laplacian Ma lterations  [20 — —

4 Choose MESH-GEOME-

TRY-SURFACE. Sdlect the 3
two sections of the sur- ~Node and Element Ol )
faces of the shorter pipe Node 10 tp  [0GRbdReclagda ¥ pram.. | _Elam Paan E
that stick out above the ) HPD_I z
-
: ~ Mesh Cartrol Elemert Shap

! ONger pipe and pr% OK. Min Elemerts Botween Boundaries [T . g
Select the Small Pi pe Max Element Aspect Fiatio I o A (7]
property from the drop I? G . st i mcrs - sy a
down list and press OK. [qa " nades =
~Mesh Smaothing—————————————— g

ST | o | @

Clean up the View

Press Ctrl-Q to bring up the FEMAP Quick View Options Dialog Box. Select Geometry Off,
Labels Off and press Done.

1 A) Presstheview style

button on the toolbar and
choose solid. B) Pressthe EnsEFe

‘wireframe

view style button on the Hiddr
toolbar and choose Ren- E‘> e Scic
der. You can now dynami- W:l
cally rotate the model in St

render mode simply by ik

holding the left mouse v Dises

down and dragging it in i
the graphics window.

Dptions...
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11.2 Solid Intersection

11.2.1 Geometry
Create Solid

1

First start anew model with the FILE-

NEw command. Choose GEOMETRY- g oo

CURVE CIRCLE-RADIUS. The coordi-
nate location dialog box appears and
prompts you to enter the center of the
circle. Pick apoint on the screen and
press OK. The box appears again and ‘m E
asks you for alocation on the circle.

Lacate in Workplane - Enter Location at Center of Circle <]

Preview

oK
|1D [e CSys 0. Global Rectangular  v|  Parameters.. | bsthods | Cancel

Locate in Workplane - Enter Location on Circle

¥ [0.73516431

¥ [0.23536445

Preview

C5ys [0Global Rectangudar || | Parameters . | Methods ||

Ok

Cancel

Pick a point about half a unit away
from the first point and press OK. A circle should be drawn. Press cancel to exit the com-

mand.

Choose GEOMETRY -
BOUNDARY SURFACE.
Select the circle you just
drew and press OK.

Choose GEOMETRY -
SOLID - EXTRUDE. A)
Make it anew solid. B)
Thedirection should be
positive. C) Makeit to a
depth of 3.

Press the Dynamic Dis-
play button on the tool-
bar.(If you switch to
Render modefirst, you
candynamically rotatethe
model without going into
Dynamic Display - all
other options remain the
same).

FEMAP displaysthe
Dynamic Display dialog
box at the bottom of the
screen.

Entity Selection - Select Curve(s) on Closed Boundary

& hdd € Bemove { Exclude Select All m Pick *
b [ | byt Bravious || D= o |
Gmup More | Method * | Cancel |
Extrusion Options
Soid feme Boundary 1 Fetesod
~Matsial N Length o
& New 5q & Posilive & TeDepth Pattein.
T Megative El
() SR # Tallesoien Boundary MLI
© Hemove-Hole || I Both Ditections || € Thu Al ok | Cancel |

Dynamic Display
[ Al [Ctl]

(5hift] ¥ Single Axis

fuioCenter | [ 0K | Cancel |
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6 Todynamically rotate
your model, move the
cursor inside the graph-
icswindow, and then
press and drag it left to
right and up and down.
Thiswill dynamically
rotate the moddl. By
pressing and holding
the Shift key, and press-
ing and dragging the
mouse up and down,
you can scale the view
dynamically. Using the

Ctrl key in combination with pressing the left mouse button and dragging, you can dynami- 3
cally pan the view. When you get the model in an orientation similar to the one shown, press ,?,
OK or the Return to key to leave Dynamic Display. =
7 Choose TOOLS-WORK- =
PLANE. Pressthe select Workplane Management =] 5
plane button. The stan- denedae HaveFare san anaees m
dal’d pl ane defl n|t| on d| a Select Plane. L Offset Distance. | Offset Origin. | Snap Options. | 2
Iog box appears. Global Plane... | Move to Point, | Maye Drigin.. | Bl Brnilre 6
On Surface. | Fiotate. | Align = Axis. | ﬁ
Previous Align 7 Axis. | Done |
8 First, change the snap 3
mode to point, by either Farce
A) Pressing the right E
mouse button in the i =t
graphics, and then click- e <€|
ing the point option under T
Snap To, or B) Using the St Y
toolbar Snap To Point Eaatins.
icon, or C) Using the Ctrl- -
P keyboard shortcut. D)
Choose point 1, then 2,
then 3 as shown in the
above diagram. E) Press
the preview button to be
sure the planeis dicing
the cylinder in half. Now
press OK.
Plane Locate- Specify Plane for Intersection [x]
Base % [xPT(13) ¥ [vPT(3) z[zrTina) T E

Poirtl % [#FT(T5) M ETE] 2[zFTiiE) ]

Point2 % [<PT[13) A GIE] Z[zPTi3p]
Cancel
‘sts 0.Glokal Rectangulsr =] || Methods * | ‘
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9 Choose VIEW-ALIGN BY-
WORKPLANE to orient the [

Eazcade

view so you are looking windaw.
directly at the workplane. Layers...

Select... Fa
DOptians... F&
Advanced Post 3

Botate... Fa

Coord Sys
Along Vector...
Autoscale Chil+2
Magnify... Chrl+k4 Adaibgle
Zoom... F? Dynamic...
UrZoom T
Lenter...
Ban... Cirl+P
10 Set your snap mode back
to screen. Repeat the w e
GEOMETRY-CURVE-CIR-
CLE-RADIUS command —
and put acircle on the — )

workplane somewhere
inside the boundary of the
cylinder as shown.

11 Choose GEOMETRY-
BOUNDARY SURFACE.

Select thecircleyou just Select Al Pigk ~

drew and press OK. Ly b al Previws || Dobe | ok
Greug [ ] More | Method” | Cancel

12 Choose GEOMETRY -

&)L I D - EXTRUDE A) Extrusion Oplions [x]

Makeit add. B) Thedirec- Solid 1. Extruded Boundary 1 Bounday B Active Solid...

tion should be positive C) o recin e Hong Vst

Make it to adepth of 1.5. e [ -

* Add - Pratrusion et ¢ ToLocation Boundan... |  Suface.. |

™ Remove - Hole

I~ Both Directions || € Thi Al 0K | Concel |

13 Choose VIEW - ROTATE

from the FEMAP Menu (or T
use the Ctrl-R or F8 short- Sal Bl B el || s v | N et
Iﬂ J d 30 & Model dses Z Right Dimetric. | Zoom 0K

cut keys) and you will see 25l ] b rsasenaee 2iEm|| 1 B | [
the View Rotate Dialog —f

Box. There are severa pre-

defined 3-D views that you can select from. You may want to experiment and press some of
them. Before leaving View Rotate, press |sometric and then OK to dismiss the View Rotate
Diaog Box.
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Removing the inner Material

1 Choose TOOLS-WORK-
PLANE. Pressthe on sur-
face button. The standard
plane definition dialog
box appears.

2 ThePaneNormal to Sur-
face dialog box appears.
A) Select surface A inthe
diagram below and
choose two points on the
circle. Align the view to
the workplane.

3 Choose GEOMETRY-
CURVE-CIRCLE-RADIUS.
Change the method to
Center, pick thecircle,
and FEMAP will select
the center of the current
circleto be the center of
the new circle. Then
change the method back
to Locate, and with the
Snap To on Screen pick a
point insidethecircleto
give you the proper wall
thickness. Something sim-
ilar to that shown.

4 Choose GEOMETRY-
BOUNDARY SURFACE.
Select thecircleyou just
drew and press OK.

Workplane Management

Define Plane Movs Plans Drigin and Ases
Eeiect Flane... Offset Distance.. | Offset Diigin. | Snap Optians.. |
Global Plane. . | Hove ta Paint.. | Moy Diigin.. | I~ Draws Workplans
On Surfsce | Fotate. | Align 2 s |

Fievious Align'y Asis... | Done |
Plane Normal to Surface - Define Model Workplane <]
At Point 17 I~ Gilign o Surface o
TrEs (4 wispart  [15 T Beverse Ditection
Offsst By =
‘ Ciys [0.Global Rectangular =] || Methods ~ | ‘ —— Cancel

N R

Entity Selection - Select Curvefs) on Closed Boundary

@ Add (" Remove (" Exclude

Select 4
Previous | Diloic oK
More Method * | Cancel

Pigk ™

e
)
m
4
-
m
A
n
m
0
!
(=}
z
(7]
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5 Choose GEOMETRY -

SOLID - EXTRUDE. A) Extnssion Options =]
M ake it remove. B) The Salid 1..Sublracted Body Boundary 10 Aotive Solid
X . o Material Direclion Length T e
direction should pointinto - .
New Sol  Posiive Patten...

the solid, either positive
or negative. Make it both
if you cannot tell. C)
Make it to adepth of 1.5.

6 Repeat the above procedure on surface B but when extruding make the length through all.
You should now have a complete solid model of two pipes intersecting

Boundary Sufacs
 Thual [ ® | cocel |

" Add - Proeesd
o Remove - Hole

To Lacation

™ Bath Directions

Change the View

1 A) Presstheview style
button on the toolbar and

choose solid. B) Pressthe ﬂ%ﬁﬂag,
view style button on the Hidcen
toolbar and choose Ren- EA> et

Fendered Solid
der. vRender < B]
w Eill

v Shading

Shiink.
w Offsets
Orientation

Dptions...

Vo

11.2.2 Meshing the Solid

1 Choose MESH-GEOME-
TRY-SOLIDS.
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2 The default values
FEMAP calculated for Tet
meshing this model are
fine. Press OK to accept

them. Feel free to experi- ~Inial Sizing
ment with different mesh e 0165657
. T ¥ Replace Mesh Sizes on Al Curves
s ZES to become farnl l lar ¥ Min Elements on Edge 1
with the meshing process. % Mas Angle Tolsiance I
¥ MaxElem on Small Featue |6
Max Size of Small Feature 0. 166667
¥ Mapped Meshing Refinement

I Adiacent Sutace Matching
™| Remove Previous Slaving
=} Edust Colors: ﬂl
3
3 Since no material has r?.
been created FEM aﬁp z
prompts you to make one. o o =
N I Title| Colr[55 | Palete. Layer [T Tyge m
You can enter in values or | - e | =
it Lirnit Sty tiass Density
press the L oad button to T =
bri ng up the materia SheaiModlus [ | Compressin [T i 2
||brary Poisson's Fatio, o [5 | | Sheat o | ReleenceTemp . 6
- Thermal 4
EwpansionCostfa [0 Py— &I M (7]
Conductivity, k IU_— - Copy.
SpecificHeat Cp [ w‘ o
4 Themateria library
shi pped with FEM AP Select From Library
contains material proper- T
tl% us ng Eng“g’] unlts 7075-TE51 Al Plate 25-5
&3] 4340 Steel -

(Ib, ft, sec). You can cre-
ate your own materials
and store them in this
library or create your own

B N A151 4130 Steel
library. For this example ey =l
sglect amaterial from this —
library and press OK. "8

\yo'te:

Automatic Mesh Sizing
Size: For

( & et Meshing ' Het Meshing

~ Assembly / Muli-Solid Sizing

155PH Stainless H1025
17-4PH Stainless H1025
2024-T351 Al Plate 25-5
BO51-TES1 Al Plate 25-2
7050-TEGT Al Plate.25-5
i 1 Al Plate _25-5
TiBAH4Y Sol Trk Aged
2151 1025 Carbon Steel

Lbd 4 Concel

Remember, there are no unitsin FEMARP. All dimensions must be kept consistent with
the unit system you use to define your material properties. Always make sure thisis cor-
rect from the beginning because there is no way to correct inconsistencies in units once
the model is built.

5 Press OK inthe define material dialog box when the properties have been loaded.
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6  Theautomesh solids dia-

log box appears. Leave

the values as the defaults —UdE and Element Option:

and press OK. Mods 1D [T £y [0 Giobal Rectangur v | NodeParem. | | Elem Peram
EkmiD [i Property [T Linted =]  MewFiop.. Optirs.
 Mesh Gensration

I+ Hifidsids Hodes =

Cancel |




Slotted Guide

This example will build a solid model from beginning to end completely in FEMAP. We will
then run the solid mesher and add |oads and constraints.

To perform this example, you will need to have either the ACIS or Parasolid modeling engine
active. If you have the 300-Node version, you will not be able to save your model file or
change the model after meshing due to size limitations.

First start FEMAP and create anew model, or if FEMAP is aready running, select FILE -
New from the menu.

12.1 Creating the Geometry

The Base Curves

1 Select GEOMETRY-

CURVE CIRCLE-RADIUS. Locate - Enter Location at Conter of Circle =

Enter a point of 0,0,0 for =[@ 1o 2o _ Preven|
0K

the center, press OK. [l coe o bl Fevorgls =] Baensis || tiotos® || gy

Enter 50,0,0 for theradius

and press OK.

2 The command allows you to enter another circle. Enter apoint of 0,95,0 for the center and
press OK. Enter 25,95,0 for the radius and press OK. Press cancel after both circlesare drawn
to exit the command.




1 2-2 Slotted Guide

3 Weneed to change the K
snap mode to point. Do Cancel
this by either A) pressing Warkplanes
the right mouse button in v g:?; tZ%ﬁfEn
the graphics window, and e oo <a
then clicking the point Snap to Hode
option under Snap To, or Pick Al Insids
B) Using the tool bar Snap el !
To Paint icon, or C) Using Eatens.
the Ctrl-P keyboard short- -
cut.

|

4  Select GEOMETRY-CURVE LINE-PROJECT

Locate - Enter First Location for Line
POINTS. The standard coordinate |ocation Y e N IRIE] e Fiegiew
dialog box is shown. Pick point Linthe pre- [ o, fomrempe =] ponsee | o | Lo |

vious diagram and press OK.

5 FEMAP prompts you for a second point.
Pick point 1 again but beforeyou pressOK  «fma e Pl PR

subtract 60 from the Y value in the dialog [ e Ferwoie =] s | wabesn | —

Locate - Enter Second Location for Line

box.
6 Thedialog box stays active. Pick point 2in  perermermyrermym =
the pre\/l ous d| agl’am and pl'eSS OK . % [<PT1(7) ¥ [rP1(7) z[zP1(m) reviel
oK

|_\D (C6ys [0 Global Rectarguir =] Parameters.. | Methads |‘ o

7 FEMAP prOmptS you for asecond pOI nt. Locate - Enter Second Location for Line [<]
PiCk pOI nt 2 @al n but before you pre$ OK % [<PT1(7) ¥ [rPTFed z[zP1(m) Preview

subtract 60 fromthe Y valueinthedialog o . romrermss =) posse | s | Lz |
box.




Creating the Geometry

8

10

11

12

We now need to break the
circles so we can fillet the
curves and make thisa
single boundary.

Select M ODIFY-BREAK.
Pick circle A from the
previous diagram and
press OK.

Select point B asthe loca-
tion to break at and press
OK.

The command repeats.
Pick circle C in the selec-
tion box and press OK.

Select point D as the loca-

tion to break at and press
OK. Presscancel to exit
the command.

Entity Selection - Select Curve(s) to Break

& add  Bemove ¢ Exclude

Select Al - Pick
0] o byl

12-3

Previous | e i3

o
LEifeilg g More Method Cancel
Locate - Enter Location to Break At

2 [<PTi43) ¥ [PT4G) Z[zPT49) Preview

ol | CSys |u Globsl Rectangulsr = | Param=ere Methods ™ | Cancel

B

Entity Selection - Select Curve(s] to Break

@ pdd C Remove O Excluds Select Al Figk *
ID buft Brevious | el oK.

Locate - Enter Location to Break At | x|
% [PT(43) ¥ [vPTam Z[zPTag) _ Preview |
oK.
o] Cspe [0 Global Festangar =] | B, | | Methods | ‘ et

(/2]
r
o
-
-
m
o
(1)
=
o
m
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13 Set your snap mode back
to screen. Choose M oD-
IFY-FILLET. Thefillet
curvesdiaog box is
shown. Pick curves 1 and
2 from the side shown,
enter aradius of 143 and
press OK.

14 The command repeats.
Pick curves 3 and 4 from
the side shown and press
OK. Press cancel to exit
the command.

'"' Badiss [143 ‘ ¥ TimCuvel 7 Tiim Curve 2
Cuvez [T WihCoerMear 2 brsr | g zfiozess
[Esvs [Eebaecmarn =] | Pamneis | o | oo |
15 Select DELETE-GEOME-
TRY-CURVE. Pick the
|nS| de half Of the tOp C| r- OK to Delete 1 Selected Curve(s|?
cleand press OK. Press R

yesto delete the curve.

The Solid
First we must create a boundary from the curves we just created, and then extrude the bound-
ary to form asolid part.

1 Select GEOMETRY-
BOUNDARY SURFACE.
Select the five curves and
press OK. ) +

.

2 Choose GEOMETRY-

SOLID-EXTRUDE. Since Extrusion Options =]
there is only one bound- e o o oer |
ary it will be selected E> o]~ ]~ Tovn —
automatically. Make it A) . el -
New g)“d’ B) Negative £ femove-Hole || Both Directions || €1 ThruAll [ o ] comel

and C) To adepth of 10.
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The Slot at the Top

1

Select GEOMETRY-
CURVE CIRCLE-RADIUS.
Enter the point 0,95,0 for
the center and 11,95,0 for
alocation on thecircle.

The command repeats.
This time enter the point
0,50,0 for the center and
11,50,0 for alocation on
the circle. Press cancel
when done to exit the
command.

Select GEOMETRY-
CURVE LINE-POINTS.
Pick points 1 and 2 and
press OK.

Pick points 3 and 4 and
press OK. Presscancel to
exit the command.

Set your snap mode to
points. Select MODIFY-
BREAK. Pick the lower
circleand break it at point
4. Pick the upper circle
and break it at point 3.

Select DELETE-GEOME-
TRY-CURVE. Pick thetwo
inside halves of thecircles
and press OK. Press Yes
to delete them.

Locate - Enter Location at Center of Circle [x]
%[0 ] 2o Preyiew

13
‘u; E C8ps [0-Blbal Foctangular =] | Beremeters.. | lethods ~ || o=

Locate - Enter Location on Circle [x]
¥ [T y[ss z[o Preyiew

OK

‘!D B0 5y [0-Globol Flectanguler =] | Paemeless... | | Methods * || e

Locate - Enter Location at Center of Circle [x]
%[0 w5 2o Preyiew

13
‘u; B3 C8ps [0-Blbal Foctangular =] | Beremeters.. | lethods ~ || o=

Locate - Enter Location on Circle

2l 2[5 z[o Freyiew

13
‘u; B3 C8ps [0-Blbal Foctangular =] | Beremeters.. | lethods ~ || o=

B E‘>@<€|

Create Line from Points [x]

From Pant [51 ToPaint [ Cancal

Entity Selection - Select Curve(s] to Break

& Add ¢ Remove ¢ Excluds

o[ e wh

Select 4 Figk "
Previous | Deleie Ok

{Eifeie] = More Methad * Cancel
Locate - Enter Location to Break At K|
% [<PT149) ¥ [vPT49) Z[zPTia3) Preview

oK
ol CSys IEI Global Rectangulsr = || Eerameter Methods * ‘ Cancel

(7]
-
o
-
-
m
o
(1)
=
o
m
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7 Select GEOMETRY-
BOUNDARY SURFACE.
Select the four curvesthat
make up the slot and press
OK.

8 Choose GEOMETRY-

SOLID-EXTRUDE. A) Esinusion ptions E
Pr6$ the boundary but' Solid 2.Extruded Boundary 1 Boundary 16 Active Solid...
Di
ton and pick the bound- . s
ary youjust created. Make r pdd | I
it B) remove-hole C) neg- B e nmswiae C o | oo

ative and D) through all.
The Five Bolt Holes

1 Seect GEOMETRY-CURVE CIRCLE-RADIUS. Enter apoint of -38,0,0 for the center and
38,5,0 for apoint on thecircle.

Select GEOMETRY-BOUNDARY SURFACE. Select the circle and press OK.

Choose GEOMETRY -
SOLID-EXTRUDE. A) Extrusion Options =
Pr% the boundary but_ Solid 2. Extruded Boundary 1 Bounday 16 Active Solid
. Direction Lengih
ton and pick the bound-  Fosive € ToDeph

% Negat)

ary youjust created. Make
it B) Remove-hole C)
Negative and D) Through
all. E) Press the pattern

reon D gpe i Al

button.
4 A) Makethe pattern radial with B) a center of 0,0 make 5 cop- e =
ies and through atotal angle of 180. The angle is considered  Hone
positive counter-clockwise around the workplane normal. - ”‘N‘ :
That igwhy we made the hole in the negative X. Press OK in o ,— ,—
both dialog boxes to make the holes. @ Fadl
Eameu l—
umper 5
uta\Ang\e |—
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The Guide Boss

1 Select GEOMETRY-CURVE CIRCLE-RADIUS. Enter pointsof 0,0,0 and 25,0,0 for the first
circleand 0,0,0 and 16,0,0 for the second circle.

2 Select GEOMETRY-
BOUNDARY SURFACE. s
Select the two circles and
press OK.

3 Choose GEOMETRY-

SOLID-EXTRUDE. A) Extrusion Options B
Pr% the boundary but_ Solid 2. Subliacted Body Boundary 21 Active Solid

lear, o Wector
ton and pick the bound- ol C 5 o ¢ oo |
ary youjust created. Make | T A S ]
it B) Add-protrusion C) © Remave Hale || I Both Diections || £ Thi ol " | Ced |
Positive and D) To a

depth of 50.
Slot in Guide Boss

1 Wewant to put our work-
plane at the top of the
guide boss so we can
build the slot. First,
change the snap mode to
point.

(/2]
r
o
-
-
m
o
(1)
=
o
m
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2 Select TOOLS-WORK-

PLANE. Pressthe On Sur- Workplane Management
- Define Plane Mave Plan Diigin and

fa:e bUtton PI Ck wrfa:e " Select Plane. | Offset Distance. | Offset Diigin. | Snap Options. |
1, and points 2 and 3 as

X h Global Plane. | Move to Paint | Move Diigin | I Draw Workplane
shown in the above dia-

On Suiface. | Rotate | Align X s |
grarn and pre$ OK Previous Align Y A | Done |
onsutoee [ At Point 127 I~ @lign o Siface =

— |8 Direcli
Agis Paint 122 Heverse Direction E

Offset By

|§5ys 0. Global Rectangular = Methods * | ‘ Cancel

3 Select GEOMETRY-

CURVE LINE-POINTS.
Select pOI nts2and 3in Erom Point [120 ToPoint [122 [ ancel ‘
the diagram and press

OK.

4 Select GEOMETRY-CURVE LINE-PARAL-
LEtL. Seleft;t slta?e ;:lérge )g)ujug }?re\é\_/ ?(nd Femtue [T Op[TT | | Baond
enter an o of 3.5. PressOK. Pick a
pOi nt tO one S de Of the curve and press OK Locate - Enter Any Location on Side of Parallel Line . [x]
The command repeats. Select the same e A e :m
curve, usethe e offset but thistime p| ck |_\D|— [eP 0. Gicbal Reclanguia] Eoeiee, | | Melthods |‘ o

apoint on the other side. Press OK and
then cancdl to exit the command.

5 Wewant to use the two offset lines we created to S— =
form arectangle. Select GEOMETRY-CURVE fonFon[is | Dofoit [ P ‘
LINE-POINTS. Select an end point of each line on
one sideto draw one line and an end point of each line on the other side to draw the other line.

N

ot oo e T
HA
s
%

)

OK.
A

<
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7 Choose GEOMETRY-

SOLID-EXTRUDE. A) Extrusion Options ]
Pressthe boundary but- Solid 2. Unioned Bndy Bnundary 8 _ AchveSdd. |

ton and pick the bound- o - v |

_ary yOU J ust Creataj' M ake  Add- Sl - Timuu unday. S

it B) Remove-hole C) & Remove - Hole || I~ Both Directions || € Thiull ] camel |
Negative and D) To a

depth of 12.

12.2 Loads and Constraints

Add Constraints to Geometry

1 Select MODEL-CON-

STRAINT-ON SURFACE.
FEMAP prompts you to
create a constraint set.
Type aname and press
OK.

2 Select the half cylinder at
the top of the slot and
press OK. Fix this sur-
face.

Add Loads to Geometry

Create or Activate Constraint Set [x]
ofi Tile [constraint

Feset
Cancel

Create Constraints on Geometry [x]
Conshraint Set 1 nstraint

‘ Color[120 | Palelte. Layer]T |

DOF

Caneel

€ Pinned - No Translation
 No Rotation

(7]
-
o
-
-
m
o
(1)
=
o
m

1 Wewant to simulate aload resulting from twisting arod inserted into the guide boss. Select
M ODEL-L 0OAD-ON SURFACE. Name the load set and press OK. Select two surfaces, one on
each side of the guide boss slot, facing in opposite directions.
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2 A) Maketheload type
pressure and B) Giveit a
value of 100. Press OK.
Press cancel to exit the
command.

Create Loads on Surfaces

Load Set 1 loads

Loler [10 Palette. Layer|1 [Eaord Svs 0..Global Rectangular = ‘
- Ditection Method

Foice

Force Per Area
Force Per Node:
Moment

Moment Per drea
Moment Per Node
Displacement
Erforced Rotation
elocity
Rotational Velocity

cceleration
Acceleration
Temperature

12.3 Meshing the Solid

1 Choose MESH-GEOME-
TRY-SOLIDS.

Element Temperature
Heat Flus

Heat Flus Per Area

Heat Fus Fer Node

I~ At Comers

& Nomal to Element Face
£ Yeotor & Constart
£ Al Corve © Varisble
oAl Flans
]
1 el te Guace L
e
Waly Function Dependence
Pressure [100 rone: ~
Phase [0

2 Thedefault valuesfor solid meshing determined by FEMAP are
usually adeguate to produce a good tetrahedral mesh. However,
as you gain experience with the solid mesher you may find that
adlightly larger element size will still give you agood mesh but
greatly reduce the number of elements. On the other hand some
parts may need a smaller element size to produce a good mesh
in certain areas. Also keep in mind that you can specify mesh
spacing and mesh hard points on al curves and surfacesindivid-
ually. Thisis often the best way to get the best mesh athough it
does take more time and careful planning.

Automatic Mesh Sizing
Size Fi

’7 & Tet Meshing

€ Hex Meshing

~ Initial Sizing

Element Size

I¥ Min Elements on Edge

¥ Mar ngle Tolerance

[V Ma Elem on Small Feature
Max Size of Small Feature

IV Wapped Meshing Refinement

0.05

IV Beplace Mesh Sizes anll Curves

—
—
—
oo

—Assembly / Mult Solid Sizing

I~ Adiscent Suiface Matching
I=| Femave Frevious Slaving
I | s Bt

Cancel
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3 Since no material has
been created FEMAP

prompts you to make one.
You can enter in values or T L e N
press the Loed utton o T S e
ring up the materi Shearbiods & L —
||bragryp Paisson's Ratio, nu :Z She:. :E ] Reference Temp -
o Thema
EpansionCosffa [0 F— [RET|
Enndr‘chwu, k ,U— i
Specilic Heat. Cp ln— —I
4 Themateria library
shipped with FEMAP R —
contains material proper- Ty
ties using English units L
(Ib, in, sec). You can cre- 1340 Srenees Hze
ate your own materials Eoe1 To8] e 285
and store them in this . T Lo s
: i Erary orf create your own éF: }ﬁg:%:i S‘Er‘d
ibrary. If you usea Hognestm A2F1E =
FEMAP material for _—
this example your ——
results will be wrong. -
The geometry was cre- Fee

ated in millimeters.
However if you have no
metric materials available
you may use a FEMAP
material to complete the
problem aslong as you
remember any solution
will be wrong.

(7]
-
o
-
-
m
o
(1)
=
o
m

te:

Remember, there are no unitsin FEMARP. All dimensions must be kept consistent with
the unit system you use to define your material properties. Always make sure thisis cor-
rect from the beginning because it is extremely difficult to correct inconsistenciesin
units once the model has been built.

Press OK in the define
material dialog box when
the properties have been

| oaded.
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6  Theautomesh solids dia-
log box appears. Leave
the values as the defaults
and press OK.

Node and Element Opt

Hode D [1 CSys  [0.Globsl Rectangular || Node Patam Elem Param.
Elem D |1 PFroperty |1 Untited - New Prop, Options.

Mesh
I™ Surtace Mesh Only e
¥ fiid = Concel |

0x
W,
)
N Ahg
AVAV 454
N, g
%%
eV 1y
7 R
Va5 SN
st
A
ROS5
AUl
LR 3
s, K
S0 )
o X
55
N N
o SRR
e
vy
I
Ve
pl- RS gReiiesss

The model is now ready for analysis.

g 5 <l
KK



Connecting Rod

This example will demonstrate some of FEMAP’s solid modeling capabilities. We will st
by reading in a neutral file that contains the base curves we will use to build the solid.
curves were created in FEMAP and you could build this model from scratch in FEMAP,
save time and get right to the solid modeling we have.provided the curves for you. Firs
FEMAP and create a new model, or if FEMAP is already running, $eleet NEw from the
menu.

\

13.1 Creating the Geometry
Reading the Neutral File

1 Choosé-ILE-IMPORT-

FEMAP NEUTRAL. The

WindOWS F||e Open Com' Read Model From FEMAP Neutral - [7]x]
v Lok [Soamee =] B o

mon Dialog Box appears.

Navigate to the \Examples

directory and A) select the

ConRod.neu file and B)

press open.
Fiename:  [ConfodNEU Dpen |
2 Press OK to accept the Fiesolyge: [FEMAP Neual CNEU] ERE
default values in the neu-
tral file read options dia-
log box.

Entity Options
¥ Read Geometiy Model
I¥ Fiead Anaijsk Hodeh
¥ Fiead Output

Model Merge Options
Dot [0

Cancel
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Creating the Solid

The geometry you read in from the neutral file contains al the existing curves and boundaries
you will need to form the solid model. As| said before, this geometry was al created in
FEMAP and is not hard to duplicate but those commands are covered in other examples.

Extruding the Beam

1 Choose GEOMETRY -
SOLID - EXTRUDE. A)

Extrusion Options
Press the boundar Yy but- Salid Nane Boundary 14 Aotive Safid
ton and select boundary 1. B Mateial Ditestion Lenghh T v |
.  Newsol G Fostive
B) This should be a new e o T
solid, in the C) Positive 1 pdi ot ' TaLocation B
€ flevave- el || Both Directions || € Tl C o | o= |

direction and D) To a
depth of 0.5. Check these
values and press OK.

2 Choose GEOMETRY -

SoLID - SLICE. Pick the
solid just created and o

press OK. ] Cae
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I

3 Now you need to specify oK.

acutting plane. The stan- I

dard plane definition dia- orkglane

log box appears. First, v g:g :gd

change the snap mode to Sinap to Pt <,§|

point, by either A) Press- S D erla

ing the right mouse button :Ik f" Inside ,

in the graphics, and then —

clicking the point option B

under Snap To, or B)

Using thetoolbar Snap To

Point icon, or C) Using

the Ctrl-P keyboard short-

cut. In the Plane Defini-

tion dilaog box make the

methods locate. D) Plane Locate- Specify Plane for Intersection

Choosepointsat locations B XN v [P0 z[zFTEnns G

1, 2, &3 (not nece$arlly Point1 % [<PT(31] ¢ [YPT(E1) z[zPTiaTin 08

pOi nts 1’ 2’ and 3) as ‘ang % [PT23) v [vPT(23) ‘Z|ZPT[23]-[I1 [

shown in the diagram. E) | R T

In the dialog box subtract

0.05 from the Z values of

the first two points and

0.1 from Z vaue of the

third point. Press OK

when done.
4 Repeat the above proce-

dure to slice the other Plane Locate- Specify Plane for Intersection

side. A) pl ck the Iarge Base 3 [XFT(E) v [YPTiE) z[ZPTi460.08 a

section of the split solid. Point1 % [<PT(45) ¥ [YPTI45) Z[zPTi4510.08

B) pl Ck pOl ntsat |Ocat| ons Fant2 X [<FT(5) ¥ [vPT(E) Z[zPTiERD |

4,5, & 6asshown above. o PRt o] i | |

C) add 0.05, 0.05& 0.1to o

the Z values of the picked o

points. Z
5 Choose DELETE - GEOM- R

ETRY - SOLID. Select the Entity Selection - Select Salid(s] to Delete E

two dlivers on the top and & add € Bemove © Egchde [ Sekctal | Reset | Pik” o

bottom of the beam and Df — Jel &l Ceviis | Dekte | TI| =

press OK. iz I | [ Mo | betod" | Cancal | 8

We want to turn this part of our solid into something more like an I-beam instead of a block.
To do thiswe will remove material by extruding boundaries into the top and bottom of the
beam.
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Remove Material from the Beam

1 Choose GEOMETRY - SOLID -

Extrusion Options [ ]
EXTRUDE. A) Press the bound- Solid 1. Subliacted Body Boundary 2 Active Solid...
ary button and select boundary 2, presten e Hong Yastor
£ New 5 " Pasiive Q Tl Patterp

B) Check the remove material B o 7
box, C) Make the direction nega- B o Pt | o poen ==
tive and check the vector on the s x| e |
model to be sureit is pointing

from the boundary towards the beam, D) Make the length to a depth of 0.175.

2 Wenow need to do this on the Ermerom st -
other side. Choose GEOMETRY - Sold 1. Subliscled Body Bourdsty 3 Active 5o
SOLID - EXTRUDE. A) Pressthe :fa‘ﬁ”a' precter Lendh Mg ect

Mew Sol ¥ Positive S
boundary button and select bound- S e Bl
£ Add - Protiusion To Location Boundary. €.
ary 3' B) CheCk the remove mate- ' Remove - Hole I™ Both Directions || " Thu &l ’TI o |

ria box, C) Make the direction
positive and check the vector on
the model to be sureit is pointing from the boundary towards the beam, D) Make the length to
adepth of 0.175.

Forming the Small End of the Rod

1 Choose GEOMETRY - SOLID -

EXTRUDE. A) Press the bound- El Sd Bady Boundan 5 Ative Solid =
ary button ar]d %Iect b0undary 5, Material Direction Length o Vectar,

the larger of the two small cir- Ciieg C g e | NGt poter

des. B) Addmaterial. C) The e N i o D

direction should be positive but
check the arrow to make sureiit
pointsin the direction of the beam. D) Make it to adepth of 0.5.

2 Choose GEOMETRY - SOLID - e =
EXTRUDE. A) Press the bound- Soid 1..Unioned Body Boundan 4 Active Solid...
ary button and select boundary 4, el Dicetian LeElh Along Veclor
the smaller of the two small cir- s C gl e e pate
€ ToLocation Boundar... e..

raaney D g sl o | .|

cles. B) Remove material. C) B ° e remicn
The direction should be positive

but check the arrow to make sure

it pointsin the direction of the beam. D) Make it through all.
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I
Forming the Big End of the Rod

1 Choose GEOMETRY - SOLID - — -
EXTRUDE. A) Presstheboundary Solid 1..Subhiacted Body Bounday & Active Salid.
button and select boundary 6, the precten endih Hlong Vecto
larger of the two large circles. B) Cumsy C e S Faten
Add material. C) Thedirection E3> £ e Pon i Eae e
should be pOS| tive but check the Femove -Hole || I Both Diections Thiu &1 | 4 |
arrow to make sureit pointsin the
direction of the beam. D) Makeit to adepth of 0.5.

2 Choose GEOMETRY - SOLID - S -
EXTRUDE. A) Presstheboundary Salid 1..Unioned Bady Baundary 7 Aotive Solid
button and select boundary 7, the Hateial
smaller of the two large circles. £ e

Direction Length MT
i c TIL |
| " Megative [
B) Remove material. C) The B dadFan ||| 5 @ it oy d
. . L. + Remave - Hale o * Thiu | v
direction should be positive but - = A
check the arrow to make sure it

points in the direction of the beam. D) Make it through all.

3 Choose GEOMETRY -
SOLID - SLICE. Select the
solid and press OK.

adoy 9NILOINNOD
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4 The standard plane loca- oK

tion box now appears Cancsl

prompting you for a cut-
ting plane. First, change
the snap modeto point, by
either A) Pressing the
right mouse button in the
graphics, and then click-
ing the point option under
Snap To, or B) Using the
toolbar Snap To Point
icon, or C) Using the Ctrl-
P keyboard shortcut. D)
Choose point 1, then 2,
then 1 again as shown in

orlplane.

w Snap to Screen

Shap to Grid
Snap to Paint
Shap to Node

Pick All Inside
Select

Equations.
Position..

<4

r

EEEaEs

DL

. Plane Locate- Specily Plane for Intersection [x]
the above dlf@ran]' Base % [<PT[13) A GE] z[zPin3) Preview |
Before pressing OK, E) Paint1 % [RPT(E] v [YPT(IS) z[zrT5) :IDK
Add 1tothe Z value of Paint2  # [<PT(13] v [vPT(T3) 2[zPTa] E E;mel

Point 2 in the plane loca

‘;Sys 0.Global Rectangdar = Methods | ‘

tion dialog box as shown
below. Now press OK.
The big end of the rod
should be split in two.
Press OK to continue.

5 Choose DELETE - GEOMETRY - SOLID. Select the disconnected half of the big end and press
OK.

View as Solid

1 A) Presstheview style
button on the toolbar and

choose Rendered Solid. ?
' =R Y= [

Wireframe:
Hidden

Solid
Fendered Solid
w Render

wEil
v Shading

Shiink.
w Offsets
Orientation

Dptions...
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13.2 Loads and Constraints

Prepare the Small End for Load on Surface

We only want to load the bottom half of the small end of the rod, but currently it is split sideto
side. We will update the surfaces with a parametric curve at the midpoint of these two sur-
facesto split the inside of the small end into quarters. Thiswill allow usto put aload on the
two quarters of the bottom part of the small end.

1 Choose GEOMETRY -

CURVE-FROM-SURFACE -

UPDATE SURFACESIf itis @m
not already checked. This L:::;Ct

iS SO tha[ the Curves cre- Eroiect Along Yectar...
ated on the surface will Parametric Curve...

split the surface. Slice..

2 Choose GEOMETRY -
CURVE-FROM-SURFACE -
PARAMETRIC CURVE.
Select one of the inner
surfaces of the small end
and press OK.

0
-]
Z
z
m
0
=
z
)
A
o
o
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3

In the coordinate location
dialog box pressthe meth-
ods button and choose
midpoint. Select one of
the arcs of the surface you
picked in step 2 and press
OK.

Midpoint - Select Location for Parametric Curve

Curve D ||

Preview |

2

CSys ID..G\obaIHectangulal ﬂ Banameters, Methads | Carcel |

_

FEMAP prompts you for a parametric curve direction. You can

use the surface lines to determine the proper direction. By default
FEMAP draws 3 divisionsin the U direction and 4 in the V direc-

tion. Soin this case select the U direction and press OK.

5 Repeat steps 2, 3 & 4 on the other surface of the small end.

Adding Loads on Geometry

Locate

Locate in Warkplane
Between

Offset

At Distance

On Paint

On Mode

Onto Curve
Along Curve
Mesh Location
Center

v Midpaint
Intersect - Curves

Onto Surface:

Interzect - Curved/Surface

Parametric Curve on Surface

g
I™ ¥ Direction Cancel

We will add adightly angled force on the lower half of the small end to simulate the piston

pushing down on the rod.

Choose M ODEL-L 0AD-
ON SURFACE, FEMAP
prompts you to select a
load set or create a new
one. Typein atitleand
press OK.

FEMAP now asks you to
select the surfacesto
apply theload. Select the
two quarter surfaces of
the small end that are near
the beam portion of the
rod and press OK.

Cieate or Activate Load Set

A f] Tite [Loads

Beset

Cancel

Entity S election - Enter Surface(s] to Select

& pdd ¢ Bemove ( Exclude
I || to by [

o

Group |

Select All Figset Pick ™~
vl RezEE | o ]
More | Method” | Cancel |
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3 FEMAPdisplaysthe

L oad on Surfaces dilog
box. A) Select forcelarea Losd5et 1 loads
astheload type. B) Enter Coar[10 | Babite. | Layat ComdSys [0 Global Fiestanguler =l ‘
avalueof 787 inthex A Ersm it
direction and 138 inthey Farce Porods  vesr & Corrient
direction and C) Press Vet o e s a
OK. This correspondsto e  vamansuee 0 || 2ot |
aforce/area of 800 at an Rotalonal ooty i e ot
angle of 10 degrees with Pciag o BS . |:; [o-ere =
the X-axis. Tomperstas

Elemert Temperaturs z Mo

Heat Flux

toariuroee I e =

™ Midside Node Adjustment 0K Cancel

_C,>_I |

Adding Constraints on Geometry

1 Choose MODEL-CON-
STRAINT-ON SURFACE.

Create or Activate Constraint Set
FEMAP prompts you to
. 1D IT Tile ICDnslramls]
select aconstraint set or
createanew one. Typein Hese
aname and press OK.
Cancel |
2 FEMAP promptsyou to
select surfaces. Select the _ )
two surfaces on the InSI de Entity Selection - Enter Surface[s] to Select E
f the bi dand © gdd © femove © Exchide SelectAll [ | Feset Pick
of the big end and press IﬂDr [ to by |1 [Em— | Do | o |
OK. (et [ boe | Metod* | Cancel |
3 Constraints on surfaces
ae alWayS rd aiveto the Create Constraints on Geometry
glObaI Coordlnate waern Constraint Set 1 cohstraints

Pinned or oo roa e | el
poF

tions. Make these sur- e

facesfixed. Press OK to € Pirmed - Na Translaion
create the constraints, £ No Ratation Carcel
press cancel to end the

command.

0
-]
Z
z
m
0
=
z
)
A
o
o
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13.3 Meshing the Solid

1 Choose MESH-GEOME-

TRY-SOLIDS.
2 Thedefault values
FEMAP calculated for
this model arefine. Press Size For
OK to accept them. Feel [ 7 TetMeshing " Hex Mashing
free to experiment with \ Iritial Sizing
different mesh sizesto Element Size I

¥ Beplace Mesh Sizes on A1l Curves

become familiar with the 2
meshing process. ¥ MaxAngle Tolerance .
¥ Max Elem on Small Feature [

M Size of Sl Festurs 1032457

¥ Mapped Meshing Refinement

- dissembly / Multi-Solid Sizing

I™ Adjscent Surface Matching
I~ Remove Previous Slaving
I | st Gl rs

Cancel

3 Since no materia has
been created FEMAP

rompts you to make one. -
sou an )e/nter 1 values or ‘m L T T |
press the Load button to s e -
bri ng up the materia SheaiModlus [ | Compressin [T - 0
Ilbrary Paisson's Ratio, ry ln— Shear ln— Fieference Temp
0.
~Thermal ————y
EwpansionCostfa [0 Py— 3 &I M
Conductivity, k IU_— o Copy.
Specific Heat, Cp ln— —Iﬁmeam Cancel
4 Thematerid library
Shl pped Wlth FEM AP Select From Library
contains materia proper- Uy Eriy
tl% USI ng Eng“g’] UnItS 7075-TE51 Al Plate 25-5

IS 4340 Steel
155PH Stainless H1025

(Ib, in, sec). You can cre-
ate your own materials
and store them in this
library or create your own
library. For thisexample
select amaterial from this
library and press OK. | [

Al

Librar b“ Cancel

FO50-TEST A Flate
AIF

TiBAHY Sol Tr & Aged
2151 1025 Carbon Steel
AI5] 4130 Stesl

Stainless Steel dnnealed

Magresium AZ31B =




Meshing the Solid 1 3-1 1

te:

Remember, there are no unitsin FEMAP. All dimensions must be kept consistent with
the unit system you use to define your material properties.

Press OK in the define
material dialog box when
the properties have been
loaded.

The automesh solids dia-
log box appears. Leave

the values as the defaults " Node and Element Oion
and pre$ OK Noda D [T CSps |n Global Rectanguar | Node Param Elem Param
ElemiD [T Puapety [T Uniited =] MewPup.. Options.
~Mesh Generation
W Sl Tet Growth Ratio [15 o1 m
W Hlidsids ey = Cancel |

When the meshing completes the model will be ready for analysis.

0
-]
Z
z
m
0
=
z
)
A
o
o
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Midsurface

To perform this example, you must have FEMAP Professiona with Parasolid active. Further-
more, you will not be able to complete this example with the 300-Node Demo version.

14.1 Introduction

The purpose of this example is to demonstrate semi-automatic midsurface extraction capabili-
tiesof FEMAP. Existing geometry will be imported into FEMAP using our new STEP inter-
face. The model will then be midsurfaced. There isasmall amount of cleanup that must be
performed in order to attain the true idealized model of the electrical box.

The Midsurfaced box will be meshed and boundary conditions applied. The model will then
be analyzed and finally post-processed. Elemental contouring (“Smart Results”) will als
featured in the post-processing.

Importing the Geometry into FEMAP

1 Choose thé&ile/lmport/

Geometry command. Geometry File to Import
Open the Examples folder | Leskin [ =3 Zvamples
in the FEMAP 7 directory.

Choose the STEP file
namedmp.STP and Click
OK.

2 When the Solid Model
Read Options dialog box

< Fie name: |mp.3TF‘ Jpen
appear, make certain el |AIIF ] |—I
ies of wpe: Genmetny [* SAT #_T# IG5 STR> 57| = Canccl |

A.) the Geometry Scale
Factor is set td, Solid Model Read Options

) Title [EFE
B) then Click OK. : I_.

— Entity Options
Geametry Scale Factor |1. A

Layper i

% Default Colors
= |82 Falette.. |
" Single Colar

—assembly 0 ption:

™ lncement Lapes W Increment Colar

Ok I Cancel |
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3 When the geometry is
imported the view needs

View Rotate
to be rotated to get a bet- View 1 Defaul 741 View
ter look at the pal’t 24 | e peta [0 MMM ¥ Rediaw
Ch V R ¥ ﬂ J ﬂl—] @ Model s YZ Hight|  Left || oK
00se Ia/v - Otate Zﬂ J j 54,735 | ) Seresn Awes Z><Eronl| Back | Trlmetngl (210w | Eancell
(F8) and click Dimetric,
and then OK.

14.2 Creating the Midsurface Model.

1 Choosethe Geometry -
Midsurface - Automatic

Enlity SelectionSelect Surfaces for Mid-Suiface Extraction

command. Click Select @ pdd  Remove ( Exclude N 1 ick ~
All in the dialog box to o . SP'" bt | PJK |
choose al the surfacesin T — Moe | Mehod” | Cancel |
the model and hit OK

2 TheMid Surface Toler- Mid-Surface Tolerance
ance Thickness must be E-ter Target Thickness
entered. For this example [o12s

enter 0.125 Catnee!] |

te:

\wThe target thicknessis used to determine which surfaces to place a midsurface between.The
target thickness should be slightly larger than the largest distance between the planes on the
solids which the user wants midsurfaced. If the target thicknessis too low, then all of the
desired midsurfaces will not be created. If the target thickness istoo high, however, then some
unwanted midsurfaces will be created between the wrong surfaces.

w t:
An easy way to determine a suitabl e target thicknessis to use the Ctrl-D command while the
Mid-Surface Tolerance dialog box is on the screen. The Ctrl-D command is used to determine
adistance any time afield is highlighted in adialog box. A diaog box will appear and ask to
define alocation to measure from and then a location to measure to. When the Ctrl-D com-
mand is used when the Mid-surface Tolerance dialog box is on screen it will automatically
make the target thickness slightly larger.

te:

\WBy choosing the Geometry - Midsurface - Automatic command FEMAP is actually going
through three commands: (1) Geometry - Midsurface - Generate, (2) Geometry - Midsur-
face - Intersect, and (3) Geometry - Midsurface - Cleanup commands in that order. If the
Automatic midsurfacing command has removed any necessary midsurfaces, then you may
want to go through the Midsurfacing commands one at a time, which will enable you to pick
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and choose which surfaces should be kept. The Geometry - Midsurface - Cleanup command
provides an easy way to remove all of the unnecessary midsurfaces manually by placing all of
the surfaces it would have deleted onto a separate layer.

TheNext stepis

to delete the Entity Selection - Select Solid(s] to Delete

original solid. - .
Selgect the @« Add C Bemowe ¢ Exclude ﬁelect.ﬂ\lll Reset | F'igk"l

Delete - Geom- 10[: I !OI LPI'I Breviols | Delete | ok I
etry - Solid Gireup) | I-] Mare | Melhod"l Cancel |
command,

choose Solid 1
(the original geometry) and Click OK.

te:

Sometimes you may want to keep the original solid for future reference. The original solid and
the midsurfaces could be placed on separate layers or the midsurfaces could be placed in a
group. See the Commands manual for more information on how to use groups and layers.

Click the View Style button (This button appearsin the top toolbar. It isthe
solid cube with a shaded face) and select Render mode. Click the View @
Style button again and select Solid mode.

The midsurface geometry should look like this:




1 4-4 Midsurface

Use the dynamic rotation, accessed by simply clicking and holding the left mouse button while
dragging the mouse to rotate and more carefully examine the model. If you look carefully, this
geometry still requires some additional manua work using one of the other midsurface com-
mands.

The upper portion of the ribs of the box must be deleted in order to create a more accurate
midsurface model. FEM AP offers a specific command which enables a curve to be used to
trim a surface, Geometry - MidSurface - Trim with Curve. In the figure below, we would like
to remove the unwanted section A). This can be accomplished by simply trimming surface B)
with curve C). The specific steps are shown below.
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3 Choosethe Geometry -

Midsurface - Trim with
Curve command. You

will be prompted to

(1) Select the surface:
Select one of the eight rib
surfaces (A above) that
have the “undesired por-
tion”.

(2) Select the Trimming
entity: Pick the Curve (C
above) to cut the surface.

4 Click OK. Repeat the

operation for the other
seven surfacesntil all
eight surfaces have been
trimmed. After all the sur-
faces have been trimmed
click Cancel.

5 Select theDelete- Geom-

etry - Surface Command.
Select the new surfaces
that have been created on
the top portion each rib
and delete them,

te:

The geometry must be intersected again in order for the newly created surfaces to be com-

Select Surface for Parametic Curve

I
DY —

Cangel

Entity SelectionAclivate S
* pdd  Remove :»

seectall | Reset | Pik” |
lnL: LOI Erevious | Delete Il ok I
Greim - e L e
Enlity Selection - Select Surface(s) lo Delele [X]
& add € Bemove ¢ Esclude e B sE\agmul Feset | Pick” |
10['] | ta =1 :12&3 J Prewuus Delste I oK I
g | 2 HES <| Moe | Mehod” | Cancel |

ONIDVIINSAIN

pletely intersected. This causes a point to be placed at the pointed tip of the rib, which facili-
tates the mesh to be continuous in these aress.

6 Choose th&eometry -

Midsurface - Inter sect
Command. Push the
Select All button and hit
OK.

Entity SelectionSelect Suifaces/Salids lo Automatically Intersect

@ Add  Remove ¢ Exclude

=

Select All I

Reset |

Pick ™ I

FErevios

Delete

0K

More:

Method

Canecl
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The Geometry should look like this:

14.3 Meshing the Model

te:

Thefirst step before attempting to mesh a midsurfaced model is to assign the mesh attributes
for the different surfaces. THISISVERY IMPORTANT. If the correct attributes are not
assigned then the results will not be correct.

1 Toautomaticaly assign
mesh attributesto a model

Entity SelectionSelect Surfaces to Assign Attributes

that has been midsur- @ Add C Bemose O Exclude (oot | Feset | Pk |
fa(_:ed, use Geome_try - o [ o] i Brovios | Delte | 0K |
Midsurface - Assign Group = More | Mehod* | Cancel |

Mesh Attributes.
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2 Select All, hit OK, and
choose a “dummy” mate-
rial. It can be changed
later by using th&/ odify/
Edit/Property for the
individual properties.
Click OK. FEMAP then
creates a different prop-
erty for each surface.

te:

If any midsurfaces are manually created using commands such as Geometry - Surface - Off-
set or Geometry - Surface - Extrude, THESE SURFACES DO NOT HAVE MESH
ATTRIBUTES, THEY MUST BE ASSIGNED MANUALLY BY CREATING PROPER-
TIESOR ASSIGNING EXISTING PROPERTIESWHICH USE THE CORRECT

THICKNESS.

3 Choose théMesh - Mesh
Control - Sizeon Sur-
face Command.

Push theSelect All button.
Click OK.
Use the defaults in the

Automatic Mesh Sizing
dialog box.

te:

Entity Selection - Select Surface(s) to Set Mesh Size

@ add € Hemove ¢ Exclude

Selectal | Feset ik ™
J’I Brevious Delete oK I
grcup More | Mehod* |  Cancel |

[ %]
Pick * |

Aulomatic Mesh Sizing
— Zize For

" Hex Mesiing

— Initial Sizing
Element Size W
¥ Beplace Mesh Sizes on sl Curves
¥ Min Elements on Zdge |1—
¥ Max Angle Tolerance |25—
% MaxClem on Gmall Featwrs [G
Max Sizz of Small Feature IW

It apped Meshing Refinenet

—dzzembly /A Muli-Solid Sizing
™ Adjacest Surface Matching

= Renmnye Freyvinue Slayite
™| £djust Ealors

Cancel |

If the hex meshing button is selected in the Automatic Mesh Sizing dialog box, FEMAP will
display error messages whiletrying to set the mesh size on these "solids". These errorswill not
have an effect on a midsurface model that contains only surfaces that are to be meshed with

plates. Aslong asthere are no actual solids these error messages can be ignored.

ONIDVIINSAIN
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4 Choosethe Mesh -
Geometry - Surface
Command. Push the

Enlity Selection - Select Sufaces o Mesh

Select All button.
5 Click OK.
NOtIce the Propaty h& Automesh Surfaces
already been selected as
0.Use Meshing Attributes T [0 Global Fiestangular | ’7 cinpan, |
() Thiswasassigned | T [T s [t

because of the Geometry
-Midsurface - Assign
Mesh Attributes Com-
mand. Make sure the
Quads (B) optionis
selected.

Use the View Regenerate (or Ctrl+G) to regenerate the view. The display should ook the fig-
ure below.i
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14.4 Applying Loads and Constraints
The Model is now ready to have Loads and Constraints applied.
1 UsetheModel - Load -
E?)ta((j:gtn;?negﬂ,ll\rljne the Create or Activate Load Set
Click OK. i |1 THe IPress_ueI
Rezet
Cancel |
2 Choose the Model-L oad-
On Surface Command' Entity Selection - Enter Suiface[s] to Select

Select Surface 185.
Click OK.

3 Choose (A) Pressure and
enter a value of &
Click OK.

Click Cancdl.

4 Regenerate the Model
usingCtrl-G or theView
- Regenerate Command.

Choose théModd - Con-
straint - Set Command.
Name the Constraint Set
Pinned.

Click OK.

@ pdd € Remove © Exclude

] o b |1
o
[Ercup 'I

Selectall |

Reset | Pigk ™ I

Ele\r’iOLSI Dielete | oK I

More I Msll_-md"l

Cancel I

Create Loads on Suifaces
Lead Set 1

Pressue

| Lalor |10 Pelette. |

Layer |1 Coard Sys IIJ Glsbal Rec:angular VI |

Force -
Frree Peréirra
Force PerMode
Moment

Moment Per Area
Moment Her Mode
Displacement
Enforced Rotation
slocity
Rotationalelocity
Acceleration

Temperature

Elesnenil Tennpe aluie

Heat Flux

Heat Flus Per Srea

Heat Flux Per Mode ;I

[~ &t Comers

Faotational Acceleration A

i~ Directior
@ Nomal to Element Face
= et

€0 flong Cunve
7 K rmel b Plane

Method

+ Constant
© Mariablz

O Hermallia Surtace

| Specifi.. I

| Ldvanced... I

Load
Walue

Function Dependence

Pressure |

Fhase Ill

|D..Nona j

Careal

Create or Activate Constraint Set [ <]
1o 1 Ttle [Pinned

Beset I

Cancel I

ONIDVIINSAIN
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Midsurface

5

Choose the Modédl - Con-
straint - On Curve Com-

Entity Selection - Enter Cuive(s] to Select
mand. Select the eight € 4dd O Bencve C bichde [v7 = seectat |[ P | ik |
curves that comprise the o e i 1320 Provios | Delete | ok |
four holeslocated on the grcup lﬁ = More I Method | Cancel I
base of the box. Thereis
one holein each corner.

Click OK.
Select the button marked
Pinned - No Trandlation
(A).
C||Ck OK. Constraint 5et 1 Pinned
Click Cancel. e R
poF——
 Tixed
= Finnzd - No Translatior
i~ Me Rotation Cancel I

\ydte:

If you would like to see exactly on which nodes the Loads and Constraints are applied, simply
use the Model - Load - Expand and the Model - Constraint - Expand Command to expand the
loads and constraints, respectively to the nodes and elements.

14.5

The model is now ready to be sent to a solver. Export an Analysis Model and perform alinear
static analysis with an available solver. We used NASTRAN to solve this example. If you do
not have a solver we have included in the example directory a finished model along with a set
of results, open the finished model mpdone.mod and then import the NASTRAN mp.op2
results file and continue on to postprocessing.

Post-Processing

Import the Analysis Results. (For those
who did not use a solver, import the
mp.op2 file included in the /examples
subdirectory). To facilitate the viewing
of results the Geometry and any Analy-
sis Entities can be turned off. Press
Ctrl-Q to bring up the Quick Options
diaog box. This can Quick Options
dialog box can also be reached by
pressing the F6 key or using the View -
Options Command and then pushing
the Quick Options button, or by press-
ing the button with a square with an X
through it on the top toolbar.

I Load - Distributzd Load

View Quick Option: [#]
Wiew 1 Default 3 view
 Dran
™ Load - Acceleation
™ Cosrdinate Systom
[ Load -Velacit
™ Nl
I Paint _ ™ Load - Monlinear Forcs
™ Mode - Peim Constraint
™ Minee ™ 1 nad - Nislarement
. Iv' Element
™ Surac ™ Load - Heat Generation
I” Load -Farce
™ Buurday ™ Luau - Heal Fhus
™ Load - Momert
™ Yolme ™ Load - Convection
™1 il - Thermal
I Test ™ Load - Radiation

[ Constraing
™ Losd - Pressuie
™ Constraint Equation
™ Cotact
|
AlEnitmd A > AllEntties 0ff |
Eniy Colors | View Calons |
Grnmet N rnmety N
o . ResetView
Analesis Entities On | Analysis Entites Off | _ -
Load \p'jew.| D Dione I
Save View. ]

Load/Constain Or | LoadConstairk Jif |
Labels]n| B Lebels it |
-

e’
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Hit (A) All Entities Off, (B) Labels Off and the (C) Element. Press Done (D) and now only the

elements arevisible.

Press the right mouse but-
ton anywhere inside the
modeling areaand amenu
will come up. Choose
Workplane. When the
Workplane dial og box
appears click the box next
Draw Workplane (1) and
Click Done

Now the Yellow Work-
planeis no longer visible.
Toview theresultschoose
the View - Select com-
mand, or pressthe F5 key,
or pick on the View Select
button in the top toolbar
(The View Select button
has three rectangles fol-
lowed by horizontal
lines).

The View Select dialog
box will appear.

Press on Deformed and
Contour Data (2 above).
Make certain

(A) 1..Total Trandation
is selected as the Defor-
mation Output Vector
and

(B) 7026..Plate Top
MajorPrn Sress

as the Contour Output
Vector.

Click OK. Click OK
again.

Workplane M anagement
Defing Plan kove Plar Origin and
Select Plane... I DOffzet Distence.. I Offzet Drigin’.._\J\ Snap Options.. I
Global Flane... | HMowe ta Paint... | Mave Drigir{_l/> I iraw wiorkpiane
On Suface. | Fotate | Aign X duis |
Previous | Algn Y Axis | Done I

View Select BH

View 1 Default > View

Y Syl kedel Styl | Defarmed Syl Contour |
® el  Draw Model  Hore - Medel Ol £ Nane - tradel Onl,

" Features @& Deform % Contour
Wy vsSet =

* Quick Hidden Line = Animate = Criteria
X wsSet Yalue X ; . .

» " Full Hidden Line © animate-MultiS et " Beam Diagram

¢ vs Position

€ Free Edge € Veptor " IsoSurface

) T Free Face 1 irsce T Section Cut

15 o Function | Il  vest

% Render ki [T eformation ectar |

2y Data... I

Defarmed and Canteur D ata... I

Model Data.. | 2>
|

oK

I Cancel I

Select PostProcessing Data
View 1 Default 3 Wiew
— Jata Selection

Type |0.Value or Magnitude vl

™ Data at Camers

Catecory |0..4ny Outpul vl

Seation ot E Etiar;
£ Butfodel

€1 Earifoun Sections

Mumber

[Define Secion...
Spacing I

— Julpul Sel
Program Anahsis Tvpe SetValue
MSC/NASTRAN Static: 0.
— Jutput Yector
Befrmeian Type 10 alue
lﬁ : ’j Marimum 1423 8.85075E-4
- MNode
1..Total Translation Wit . n
Maximurm 924 102.3354
Elemenl
inirourn 229 2300027

Tl Dutput Set

—

[utput St [ reremert

Cantour
|?DZB..P\&te Top MajorPin Stress < B

Trzce Locations...

| Contowr Ogtions... |

Contour Vectors...

Eresbody Display. .

The model should look like the figure on the following page.

=
o
@
c
2
m
B
o
2
o
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Click the left mouse button inside the modeling area and drag it on the screen. Aslong asthe
model isin Render Mode the model will Dynamically rotate and the different faces of the
plate el ements can be viewed.

The back of the model looks likethis:
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The contour for Top MajorPrn Stress is can be shown on both faces of the plate element

4 To view the results choose the View - Select command, or press the F5 key, or pick on the
View Select button in the top toolbar. The View Select dialog box will appear.

5 AsBefore, Presson
Deformed and Contour
Data. Make sure 1..Total
Trandation is selected as
the Deformation Output
Vector and 7026..Plate
Top MgjorPrn Stress as
the Contour Output Vec-
tor.

6 A) Click Contour Options
B) Click the radio button
marked Elemental
C), then click box marked
Double-Sided Planar
Contours
D), Make sure Average
and Use Corner Dataare
selected under Data Con-
version.

Click OK, 3 Times.

The Contour Options can a so be accessed on the Commands
Postprocessing Toolbar under Post Options. This provides much
quicker access to these commands Contour options instead of
going through View Select, Deformed and Contour Data, Con-

Select PostProcessing Data
Wiew 1 Miefault 2 wiew
Jaa Selection S ztiorEut O Etions,
Catecon |n Any Nt - £ Cuthlodel Defire Sesior.. |
Tipe IEI.VaIue ol Magnitude  * £ Coritaun s
I” Data & Camgrs r'l”’"'—”’l SEEtine
— Jupu Sel
Program Analbsis Typa SatVdus
M3CMASTRAN Statc 0.
— Jupud Yecla
Defomaian Type B el
(R T 1423 BBE075E4
- ti Hode
|1.. otal Tranzlztion j Wirirriarn R n
Centour
b airiuirn 924 1023354
76 Pl i 5 E ement
|?D‘B..F’Icte Top MajaPr Stress j Mirirum - momzr | |
ol Rt G e | asations | e Diiene < A]
I E] ™
Conton Vectars... | ok |
iyt Gt e
Frasbedy Displzy | Cancel |
5elect Contour Dptions
Wiew 1 Dretault 5 View

Contaur T pe,

& Ayerage

D ata Conversion

— Elemertal Contour Disconlinuities——

™ Mo Aweraging

 Nodal
B > " ManValue V¥ Property ™ Laper
£ MinYalue I¥ | 1 aterial " Colar
¥ Use Camer Data ¥ &ngle Betwgen |20,
Other Option: — Rendeied Contours
C ¥ Double-Sided Planar Contours % Continuous

Additional Elemen: D ata

= Lavel Colois

;I UK

Lancel

tour Options (or even Post Data, Contour Options).

v Undeformed
Scale Deformation
Actual Deformation

[

Animation Frames
Animation - Positive Only
Animation - Load and Unload

<

Animate Contours
Filled Contours
Contaur Options.

<

Freebady...

More Options. ..

=
o
@
c
2
m
B
o
2
o
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The model should now look like this; the contour shown is for Bot MajorPrn Stress

Click the left mouse button inside the modeling area to use the Dynamic Rotate feature again.
Remember; aslong as the model isin Render Mode the model will Dynamically rotate.
Because Plate Top MajorPrn Stress has been chosen as the output vector, FEMAP will auto-
matically choose Bot MajorPrn Stress to use as the output vector on the other side of the plate
elements as the default. The backside of the model has a contour of the Top MgjorPrn Stress,
as shown below.
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7 The Double-Sided results
can be viewed better by
showing the element
thicknesses. Press the F6
key or usethe View/
Options command.
Choose Element — Orien-
tation/Shapend then
select 1..Show Fiber

8 Click the button next to
Toolsand View Style.
Choose Filled Edges.
Click the box next to
Draw Entity
Click OK.

View Options
Wiew 1 Default 1y View
- Categor

& Labels, Entities and Calor
© Tools and View Style
 PostProcessing
Options
Label Parameters =
Coordinate System
Paint
Curve
Curve - Mesh Size
Surface
Boundary
Volume:
Test —
Node
Node - Perm Constraint
Element
Element - Directions

eam
Load Vectars

Ris

Quick Optiong... Cti+Q

[

e/ Pl O

j er Thi
 Show Inertia Ratio
Showy Cross Section = |

Colar Made:

1..Use View Color

Wiew Colar

E2 Palette...

Apply

| oK I Cancel

View Oplions
View 1 Diefault 31 Wiew
- Cateqony -

" Labels, Entiies and Color
& Tools and Yiew Style
" PostProcessing

Section Cut Edges

1..5how Cut Edges

Options

Free Edge and Face
Shiink Elements

Fil. Backfaces and Hidden

Render Options
Shading

Perspective

Steren

View Legend

Yiew Anes

Origin

Workplane and Rulers
‘w/orkplane Grid
Clipping Planes
Symbols

\View Aspect Flatio
Curve and Surface Accuracy

Quick Options... Ctrl+Q

Colar Mode:
0. Entity Colors
i

Wiew Color

124 Falette

Apply

I I Cancel

ONIDVIINSAIN
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The stressis now shown through the thickness of the plate elements:




Hex Meshing Overview

15.1

15.2

This example requires FEMAP Parasolid modeler to complete-if you have the 300-Node ver-
sion you will not be able to save or export the model.

Introduction

Thisis an example of how solids can be subdivided to facilitate hex meshing in FEMAP. It
assumes you are familiar with FEMAP and do not need step by step instructions for all com-
mands. It isintended to give you one method of approaching the problem of hex meshing solid
models, and demonstrates only afew of the commands that can be used to hex mesh in
FEMAP. For more descriptions and methods refer to the Commands manual and the User
Guide.

Importing the Geometry

Select FILE - IMPORT - GEOMETRY from the FEMAP menu.

FEMAP displays the standard Win- e ammres HE
dows File Open Dialog Box. Lok in: [ =3 eramples =&l &l ekl [
Maneuver to the /examples subdi- 8] Ch. oot

rectory and A.) select the

TurbineBIade.igs
:Chi Shexmesh.»_t
mpSTP

File name: |Ch1 Bhesmesh,.x_t @ Open I
Files of tupe: [l Geomety (= SAT 3 _T < IG5~ 5TPSTL =] Cancel |

Ch15hexmesh.x_tfile, and B.) Press
Open.

The FEMAP Solid Model Read OptionsDialog Box is

displayed, providing severa options for how to treat Solid Model Read Dptions
the incoming data. Set the Geometry Scale Factor to Title [hesmesh
3937 and preSS OK . i~ Entity Option:

Geometry Scale Factor IEE a7

Laver IW—

* Diafault Colors |92_ EREren

™ Single Color

—hgsembly Optian:

I" Increment Laver ™ Increment Color

Cancel
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4 A) Presstheview style
button on the toolbar and

choose Rendered Solid. [ |

Wwireframe
Hidden

Solid
Fendered Solid

v Render

v Fill

v Shading
Shink.

v Offzets
Orientation

Options. ..

5 Leftclick and drag in the
graphics window to
dynamically rotate the
model.

15.3 Subdividing the Solid

1 Wefirst want to slice
the solid with three
planes. Use the Geom-
etry Solid Slice com-
mand three times. Be
sure to select all the
solids each time. Using
whatever method you
please, dice the solid
along the planes of the
curves pointed to by
1,2and 3




Subdividing the Solid 1 5=3

2 Youshould end up with
seven separate solids.
The pictureisan
exploded view to
clearly show the sepa-
rate solids. Your view
will still look like the
previous one.

3 Thesquarein the cen-
ter is not a hex-mesh-
able solid. We have
learned from experi-
encethat agood way to
subdivide this part isto
cut it into sixths (A),
and then add pieces
back together to form
three six sided vol-
umes(B) that are easily
hex meshed.

4 Keepin mind that you
need to have surface
meshesthat match. The
easiest way to ensure
this on thismodel isto
also slice the radiused
solids. Try to produce
the 12 distinct solids at
right. The pictureisan
exploded view to
clearly show the sepa-
rate solids.

M3IANY3INQ X3H
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15.4 Preparing for Meshing

1 Select Mesh - Mesh
Control - Sizeon
Solid and select dl the
solids. In the Auto-
matic Mesh Sizing dia-
log box choose Hex
Meshing and set the
Min Elements on Edge
to 4. Therest of the
defaults are fine so
press OK.

2 Thesizesare set and
colors are updated to
show which solids are
hex-meshable and
which surfaces have
been linked.

Automatic Mesh Sizing El
Size For
( © TetMeshin| 1 > & fex Meshing ‘
= Initial Sizing
Element Size IU.223813

¥ Beplace Mesh Sizes on Al Curves

W bin Elements on Edge 4

W tiax &ngle Tolerance 25
B

¥ Max Elern on Small Feature

tax Size of Small Feature 0.223813

W tapped Meshing Refinemeant

—&gsembly 4 Mulli-Solid Sizing
¥ | fdliazent Suface iatching
W Remove Pravious Slaving

Cancel
W adjust Colars _I
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15.5 Meshing

1 Select Mesh Geometry
Hex Mesh Solids and

Define Isotropic Material
select all the solids. ‘lD Tite] Color[55 | Palette Layer[1 Type. |
2 Sinceno material has L e
b%ﬂ created FEMAP “Youngs Modulus, E |g— Tension . |g— Damping Coeficent
prompts you to make one. e — ||
You can enter in values or S ' D
press the Load button to B — 3 pes | _sme |
brl ng up the mae’l al Eundu‘:tl\“w‘lﬁ E Monlinear 53 Enp!
| | br ary Specific Heat, Cp lu_— Canoel
3 Themateria library
shipped with FEMAP
contains material proper- LorayEriy
ties using English units ksl e L
(Ib, ft, sec). You can cre- 17301 stonics 1022
ate your own materials T A0
and store them in this ERts
A T Tik
library or create your own Ll o G el
library. For this example Hagremizn =l
splect amaterial from this —
library and press OK. =
Librar b“ Cancel
te:

Remember, there are no unitsin FEMAP. All dimensions must be kept consistent with
the unit system you use to define your material properties. Always make sure thisis cor-
rect from the beginning because it is extremely difficult to correct inconsistenciesin
units once the model is built.

Press OK in the define material dialog box when the properties have been |oaded.
5 TheHex Mesh Solids dia-

log box appears. Leave
the Va' ues as the defaults ~Mode and Element Dption:
and press OK Node D [1 CSys  [0.GlobalFectangular x| | NodeParam.. |  Elem Param..

' Elem D |1 Fioperty |1 Unditled j Mew Frop... Options..

i~ Mesh Generation
IV Merge Nodes on Slaved Surfaces

™ Altemate Smaothing Concel |
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Finished mesh with all entities but elements turned off.
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Notice that one of the surfaces of the square with the sphere cut out has not meshed well. The
reason isthat thereis apole on that surface. You could delete all nodes and elements and try to
fix that surface and mesh again. We have done it using explode, deleting that surface, making
anew one from edge curves, and stitch. Remember to re-run the size on solid command to

ensure surface linking.



Hex Meshing

This example requires FEMAP Parasolid modeler to complete. If you have the 300-Node ver-
sion you will not be able to save or export the model.

16.1 Importing the Geometry

Select FILE - IMPORT - GEOMETRY from the FEMAP menu.

2 FEMAP d|Sp| ayS the Stan' Geometry File to Import
dard Windows File Open Look jn Ia examples j @I gl =
Diaog Box. Maneuver to
the /examples subdirec-
tory and

A.) Select the
Ch16hexmesh.x_t file,

File hame: |Ch1 Bhexmesh._T I B/ Open I

Files of type: | Al Geometry [+ SAT *<_T 1G5 % 5TP-5TL x| Cancel |

B.) Press Open.

3 TheFEMAP Solid Model
Read Options Dialog Box Solid Modsl Read Dptions X]
is displayed, providing Tite [

several options for how to Enliy Olptin:
treat the inCOmi ng da[a_ Geometry Scale Factar ISS 7
Set the Geometry Scale L I
Factor to 39.37 and press -
+ Default Colors l— T
OK gl Single Color = EI—“I

"Assemh\y Option:

™ IncrementLayer ¥ Increment Color

Cancel |

A) Pressthe view style

button on the toolbar and —
choose solid. Elng=| B

wireframe

Hidden
B) Pressthe view style EA\> aﬂ:«dgered Solid
button on the toolbar and P :B:l
choose Render. i

v Shading

Shrink.
v Oifsets
Orientation

Dptions...
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Left click and drag in the
graphics window to
dynamically rotate the
model.

AT

16.2 Subdividing the Solid

1 Wewant to subdivide this
solid into the ten indepen-
dent solids shown here.
The solids are shown
exploded for viewing
only.

2 Start with Geometry -
Solid - Embed Face, pick
surface A. Repeat this
command for surfaces B
and C.
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3

16.3

Now use Geometry-
Solid-Extrude and press
the surface button (A) and
pick surface A above.
Change the direction to
negative (B) and enter a
depth of 10 (C).

Next pick Geometry-
Solid-Embed. Pick the
solid with the tube as the
base solid at (A), and the
oneyou just created at (B)
as the one to embed.

You now need to make
two dlices. Slice the tube
off at the top of theradius
(C), and dice the three
solids (1,2,3) near the
tubein half. Refer to the
exploded diagram if you
have difficulty visualiz-
ing the individual solids.
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We will begin setting up a hex mesh using the default approaches and let FEMAP set up the
mesh automatically. You will find that the defaults provide a good hex mesh but we will mesh
the solid again using some of the more advanced options to obtain a mapped mesh.
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16.3.1 Free Meshing

1 UseMesh-Mesh Con-
trol-Size On Solid, select
all solids and

Automatic Mesh Sizing

I 3

(A) Turn on Size for Hex

Meshing, and
(B) Enter aMin Elements

<
on Edge of 2.
This command will also

link all the shared sur-
facesto ensure aconsis-
tent mesh.

2 Usethe Mesh-Geometry-
Hexmesh Solids com-
mand and select all the
solids to hex mesh. If you
have properly set mesh
sizes and linked surfaces,
the hex mesh should run
automaticaly.
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Asyou can see on the previous page, FEMAP has produced a mesh with good hexahedral ele-
ments except for some hexes and wedges shown bellow.

0 st

0N i

Uty pagiasdas

s
o 0

4
i

By defining special Approaches on the geometric surfaces in question we can achieve a better
mesh.

16.3.2 Mapped Meshing

Brick meshing inherently requires the mesh to be propagated throughout the solid geometry.
Therefore if the surfaces are mixed meshed with triangles and quads then the final hex mesh
will include bricks and wedges. The default free mesher will always use a combination of tri-
angles and quads on any surface that is not asimple 4 sided region. To force FEMAP to map
mesh surfaces that are not 4 sided we will use the M esh-Mesh Control-Approach on Sur-
face command.

We must first delete the existing mesh using Delete-M odel-M esh and Select All to delete the
entire mesh.

1 Toforce FEMAP to pro-
vide a mapped mesh on
surfaces we will need to
set up approaches on the
surfaces that we want
mapped.
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Hex Meshing

2 UseMesh-Mesh Con-

trol-Approach on Sur-
face

FEMAP will ask you to
pick the surface you wish
to put a approach on.
Choose surface 1 on the
previous page.

When the Surface
Approach dialog box
comes up select A.)
Mapped - Four Corner

Since this surfaces has
more than 4 corners you
must specify which cor-
ners you want FEMAP to
map between.

B.) Choose the corners as
shown for thefirst surface
and say OK. The com-
mand will auto repeat
allowing you to choose
surface 2 on the previous
page and select the four
corners from the diagram
to theright.

Now we will set up sur-
faces 3 and 4 for mapped
meshing. Use M esh-
Mesh Control-Approach
on Surfaceagain.

FEMAP will ask you to
chose the surface to set
the approach on

Select surface 3 and 4
from the diagram to the
right.

Surface Mesh Approach

~Mesher
 Not Specied
" Free - Parametric

" Fiee - Planar Projection

€ Fast Tri - Parametric

© Fast Tri - Planar Projection

% Mapped - Four Comer @
" Mapped - Three Comer
 Mapped - Thiee Comer Fan

" Matched - Link to Surface

Mesh Contral

Point 1

FPoint 2

Paint 3

Foint 4

(&)
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