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About This User Guide

About This User Guide

What’s Covered in This
User Guide

About Mentat 3.3
Enhancements

About MARC K7.3
Enhancements

This user guide describes the major enhancements in Mentat
3.3-MARC K7.3 and how to use them in nonlinear finite
element analysis.

The Mentat 3.3 enhancements include new meshing
capabilities, improvements in the graphics performance and
strengthening of the interfaceto the analysis. The enhancements
are covered in the following chapters of this guide:

=1
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* Basic Procedures—describes how to use new features lik

the file browser, adaptive plotting, import-export utility a

view snapshoty( 37).

» General Technology—provides instructions and concepts
on the new Links menus for tying and linking datarg).

* Mesh Generation—describes how to use the new
Advancing Front and Delaunay Triangulation meshers for
planar and surface geometriesi09).

* Analysisintegration—explains the concepts and procedures
to calculate radiation viewfactors for planar, axisymmetric,
and 3-D regionsp( 275).

The MARC K7.3 enhancements include significant

improvements in the functionality, performance, usability and

reliability of the program. These enhancements are covered in

the following chapters of this guide:

» General Technology—explains the procedure for adaptively
controlling time steps of nonlinear analygis7g).

» Contact—describes the contact analysis process and the

new friction model to represent perfect stick-shpl1@9).

Mentat 3.3-MARC K7.3: New Features 15
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About This User Guide

Design Sensitivity and Optimization—describes how to use
design variables including classical variables, homogeneous
and composite material properties for optimization
problems; explains the procedure for picking and setting
constrained responses for a sensitivity analyses?).
Element Technology—describes the new shell and rebar
elementsy. 171).

Fluid Mechanics—describes the solution of fluid mechanics
problems using the Navier-Stokes equations for planar,
axisymmetric and 3-D geometrigs £17).

Material Modeling—provides instructions on how to use
the new material models, subroutine HYPELAZ2, and the

Experimental Data Fitting featurp. @45).

16
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About This User Guide

About the Appendixes Use the following table to find out about the type of reference
information in the appendixes:

To see Refer to
Appendix,
lists of new or modified: A (p. 287)

e parameters

* model definitions
* history definitions
e user subroutines
e element types
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types of elements that you can represent in B (p. 293)
the fluid region in analysis,

lists of parameters and model-definition  C (p. 297)
options supported by thearc Reader,

data issues relating to NASTRAN Writer; D (p. 305)
bulk data entries,

descriptions of the command line E (p. 315)
parameters and optionsSMENTAT and
MARC,

lists of demonstration problems associated F (p. 321)
with selected options im ARC,

Mentat 3.3-MARC K7.3: New Features 17



About This User Guide

Conventions Used in This user guide uses the following conventions:
This Guide
_Text_ element Convention used
in this guide...
System-related terms, small caps, bold (e.g.,
g program names (e.g., Mentat MENTAT,MARC;
5 3.3, MARC K7.3); LOADCASE)
3 button names
g Main menus and windows title case (e.g.,
= Analysis Class)
L eft-mouse click Click; <ML>
Middle mouse click; right <MM>;<MR>
mouse click
Cross-references italicized text (e.g., See
“Running Mentat 3.3” on
page 29
Command/ Button sequence Example:
INMENTAT Jobs>More>Fluid-
Solid>Analysis
Options

Figures of menus contain the |abels depicting the command/
button sequence (e.g., Jobs>More) inMENTAT to display that
menu.

——— menu
FLUAD _il
FLUAD - THERMAL A
FLLAD- SOLID A
FLIAG:- THERBAL- 50410 ﬁ-r; ———— command/button
ELECTROSTATIC Al
MAINETOSTATIC I
ELECTIOMA N TIC |l
FIEVIO LS E
Jobs>More g command/button sequence

18 Mentat 3.3-MARC K7.3: New Features



About This User Guide

Questions or For questions or comments about this guide, contact:
Comments

Technical Publications

MARC Analysis Research Corporation

260 Sheridan Avenue, Suite 309

Palo Alto, CA 94306, USA

Tel: 1 650 329 6800

Fax: 1 650 323 5892

E-mail: document@marc.com
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Supporting Documentation

Supporting Documentation

About Printed
Documentation for
Mentat 3.3

Displaying Online Help

in Mentat 3.3

click <MM> —

In addition to this user guide, both Mentat 3.3 and MARC K7.3
feature a variety of documentation designed for a range of user
levels—beginning to advanced. For your convenience, some of
these documents are available in both online and print media.

Use the following table to locate additional Mentat 3.3
documents that address your specific needs:

For...

refer to...

an introduction to the basics of Mentat User’s

MENTAT and tutorials for

nonlinear finite element analysis

USINQMENTAT,

Guide

adescription of the capabilities Mentat 3.1
of MENTAT based on the menu Command

layout,

Reference

To view online help for a specific command or a group of
commands, click <MM> on the relevant buttormMiaNTAT.

.

on a button

to display

the corresponding
online help
window

Frylsrd mmon s Seper e

ol - R

Frrpie T e v i g o i
CETET VG W L . D o Tesdon e
s e s e b f 71

Links>Servo

20
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Supporting Documentation

Printed and Online
Documentation for
MARC K7.3

Periodic Updates for

Mentat 3.3 and MARC

K7.3 Documentation

Volumes A, B, C, and D contain the documentation for MARC
K7.3. These volumes are all available online or in print. To
view the volumes online, refer to your CD-documentation
instructions.

Use the following table to locate additional MARC K7.3
documents that address your specific needs:

For...

refer to...

background information on the
capabilitiesof MmARC,

Volume A: Theory
and User
Information
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description of elementsin the
library and the data necessary to
use them,

\olume B: Element
Library

instructions on thefile format of \olume C:

them ARC input file, Program Input

description of user subroutines, Volume D: User
Subroutines/
Soecial Routines

demonstration problemsfor the \Volume E:

illustration of additional Demonstration

analysis capabilitiesof MARC Problems

For periodic updates on our tutorials and documentation,
choose the TutorialsyDocs link in our homepage at the
following website:

http://www.marc.com

Mentat 3.3-MARC K7.3: New Features 21
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Running Mentat 3.3

Running Mentat 3.3

Running Mentat 3.3 at After you haveinstalled M ENTAT on your workstation, you

the Command Line canrunMENTAT by typing either of the following at the
command line: )
0]
*  mentat S
(o]
* mentat -(command line parameter) @)
QD
@
o
New Command Line The new command line parametermiaNTAT enable you to
Parameters Featured utilize the new capabilities at the command line level. Use t

in Mentat 3.3 following table to match your operation with a command ling
parameter (for a list of additional command line paramedegs,

Appendix E: Command Line Parameters, p. 315);

Operation: s
pTo : command line | Option
parameter...

use the OpenGL graphic -ogl
system
create a log file with the name  -If Ifile
Ifile (the default filename is
mentat.log)
record all input into a -rf rfile
procedure file named,
mentat.proc
rUNMENTAT in grayscale gr

When you launch MENTAT, it automatically creates a
log file and a procedure file. These files are deleted when
you launch your next MENTAT session.

Mentat 3.3-MARC K7.3: New Features
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Running MARC K7.3

Running MARC K7.3

About Shell Scripts

Submitting a Job in
MARC

M ARC uses shell scripts to run machine-dependent controls or
command statements. The shell script submitsajob and
automatically takes care of all file assignments. You must
execute the shell script in the directory where al the input and
output filesfor them ArRcC job are available.

You should also ensure that every m AR c job hasaunique name
qualifier and that all m ARC output files connected to that job
use this same qualifier. Usethe default m ARc FORTRAN units
for restart, post, and change state.

M ARC input filenames should be in the form:
Jjob_name.dat

The prefix, job_name, is the name qualifier that you
can choose. All input files have a .dat extension.

To submit an actual jobinm ARCc, type the following command
(the backslash, \, ensures continuation of the command line):

run_marc -prog prog_name -jid job_name -rid rid_name -pid pid_name \
-sid sid_name -user user_name -back back_value -prt prtflag \
-ver verify_value -save save_value -vf viewname -def defn

The minimum requirement for the command lineis:
-jid job_name

For a description of the parameters, including the two new
commands, -vf and -def, see Appendix EFable of MARC K7.3
Command Line Parameters (p. 319).

26
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Running MARC K7.3

Additional Information

Use the following table to find more information:

refer to the

For... Chapter... in...
installation Running Mentat 3.3
instructions for Mentat Installation
Mentat 3.3 Guide
installation Running MARCK?7.3
instructions for MARC Installation
MARCK7.3 Guide
adescription of how Chapter 2— Vol. A
to execute Program
MARC K7.3 0n Initiation
your computer
description of Chapter 2— Vol. A
commands and Program
options Initiation
description of Running MARCK7.3
commands and MARC Installation
options with Guide

examples of valid
input

Mentat 3.3-MARC K7.3: New Features
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Under standing the Mentat 3.3 Menu System

Understanding the Mentat 3.3 Menu System

About Enhancements Here are some of the key enhancementsto the Mentat 3.3 menu
in the Mentat 3.3 system:
Menus
* Menu File is simpler and easier to use; you can customize

using the Window Parenting featugeg “Using the Root

Window for Parenting” on page 31
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e Atanytime during mENTAT Session, you can resize the
selected windows dynamicallgde “Resizing a Mentat 3.3
Window” on page 2R

* Procedure file, containing a record of all of your commands,

Is created automaticallgée “New Command Line Parameters
Featured in Mentat 3.3” on page }3the default filenameis
mentat.proc.

» Log file, containing diagnostics thateNTA T reports in
the scroll area, is created automatically; you can use it in
situations such as, checking geometry surfaces, where many
messages may appedeé “New Command Line Parameters
Featured in Mentat 3.3” on page }3the default filenameis
mentat.log.

* Menu system is faster as the menu area is selectively
redrawn.

* Menu buttons are highlighted as you move the cursor over
them.

* You can create stand-alone static menus that are permanent.

28 Mentat 3.3-MARC K7.3: New Features



Under standing the Mentat 3.3 Menu System

Resizing a Mentat 3.3 You can now resizeall MENTAT windows (e.g., Main Menu)
Window that are parented by the root window of your system’s windg
manager.

During amENTAT session, you can resize a window parent
by the root window as you would any X-window in your
environment. The following figure shows a type of resizing
supported by the root window of the window manager in a
UX 10.0 environment.

Hold mouse.cnck/—— You can

payels Bumen

and move to = resize this
desired position E window
aum
T | S
A 1 AnE
i VAN - ltl .LIJ
IR LT T
mun
LrLLL B rLmSY i
EEawse You cannot
nn.““ resize this
S = window
| foTes oEsg RIS | | ——— [R——- - . }
o N S =TT |
AR | e
e mmrar van |4 Ss———
e =T~ T I T T 1=+ |
T T T [ E—
g~ T T — r
B i - | - r i
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E Under standing the Mentat 3.3 Menu System

Setting Stand-Alone You can now set up static menus to be permanent and parented

Static Menus by the root window of your system’s window manager. The
stand-alone feature enables you to keep the following static
menus permanently on display:

- . UTILS
Q

5 . FILE
0

" « PLOT
c

= .« VIEW
O]

O « SELECT

— Main window

Stand-alone
static menu
window supports
resizing and
repositioning

To set stand-alone static menusienT AT, add the following
line to the top of thenain.msfile:

#define STATIC_STANDALONE

You can also enable the stand-alone feature by starting
MENTAT with the following command line option:

-df STATIC_STANDALONE
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Under standing the Mentat 3.3 Menu System

Using the Root All MENTAT menus and pop-ups appear in windows. The
Window for Parenting windows are parented by either the root window of your
system’s window manager or the maieNTAT window.

Windows that are parented by the root window of the windo
manager contain the window manager attributes: resizable
borders, window manager menu, iconify or maximize butto
and title.
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window
parented by
the root
window
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Parenting of Windows in Mentat 3.3

You can set a window to be parented by the root window
system. The window then has the typical attributes (window
manager borders and options, iconize and minimize buttons,
etc.) of a window that is parented by a root window.
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Under standing the Mentat 3.3 Menu System

Setting a Window to
Be Parented by the
Root Window

To set awindow to be parented by the root window, remove the
parent attribute from the definition of the window in the menu
file.

EXAMPLE

in_window graphics_window {

#parent mentat - Comment this line
title “Mentat Graphics Window”

origin 32 0 size 96 112 ..

background_color background Add this line
border_width O border_color border

buffering double

}

32
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Dynamic Viewing

Dynamic Viewing

About the Dynamic The Dynamic Viewing feature enables you to control the

Viewing Feature movement of the model with respect to the screen using the
mouse. The Dynamic Viewing feature in Mentat 3.3 supports
more keyboard and mouse options than earlier versions of
MENTAT.

Moving an Object or a To move agrid object or amodel:
Model

Q)
(¢}

—
—
>S5
«Q

(7))
—t
QD

-

—
(9%

o

Using the byN. MODEL Button

1. ClickpbyN.MODEL inthe static menu area.

2. Hold down <ML> and move the mouse over your object or

model to reposition it.

Using the Alt Key (for UNIX Systems Only)

1. PressAlt.
2. Hold down <ML> and move the cursor over the graphics

area.

i i T =, use <ML>,<MM>,<MR>
T Rl TR i et ' to translate, rotate,
v cwem | it . i or zoom your object
— . . respectively

press DYN. MODEL
button

Moving the Grid Dynamically
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Dynamic Viewing

About Dynamic You can activate the dynamic viewing feature by choosing
Viewing Options DYN.MODEL inthe static menu area. After you activate the
dynamic viewing feature, these are your viewing options:

» Translate
kA * Rotate
s « Zoom In
n
o
=
8 Translating a View To translate a view:

1. ClickbyN.MODEL.

2. Hold down <ML> and move the cursor in the graphics area.

Rotating a View To rotate a view (the rotating behavior is similar to that of a
space-ball device):

1. ClickpyN.MODEL.
2. Hold down <MM> and move the cursor in the graphics

area.

Zooming a View In To zoom a view in:

1. ClickbyN.MODEL.

2. Hold down <MR> and move the cursor in the graphics area.
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Dynamic Viewing

Additional Information Use the following table to find more information:

refer to the
For... Chapter... in...
an introduction to Mechanics of Mentat User’s
theMENTAT Mentat Guide
environment
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About the File Browser 39

Import-Export Utilities
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About View Shapshot 57
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e Basic Procedures
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File Browser E

File Browser

About the File Browser  Usethe File Browser to select afile for all input/output (1/0)
operationSiINMENTAT.

el | e
e Y

| Browse
T files
in this
area

Browse ]
directories ——
here i

e

File>Open

Selecting a File To select afile:

1. InthepirRECTORIES area, choose the directory which
contains thefile.

2. IntheriLEs area, locate thefile.
Click the specificfile.
Click ok.
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File Browser

Selecting a File with a To select afile when you know the name and location of the
Name and Location directory and thefile:
1. IntheseLecTioN field, typein the name and location
(pathname) of the directory and file.
2. Press Enter.
3. Click ok.
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File Browser

Buttons in the File To use a button in the File Browser for a specific purpose, refer
Browser to the following table:

To... choose...

reset the directory back to the RESET Y
default directory 2
add or delete file extensions FILTER U

(@]
display any changesto files or RESCAN 8
directoriessinceyou last opened =
the file browser §

display all the directories or upP
filesin the list above a specific
directory or file

display all the directories or DOWN
filesin the list below a specific
directory or file

move to the top of the directory TOP

or fileslist

move to the bottom of the BOTTOM
directory or fileslist

quit the 1/0O operation CANCEL

If you specify a filename that already exists, the program
prompts you for permission to overwrite the existing file.
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I mport-Export Utility

Import-Export Utility

About the Import Use the Import feature to trandate the following data types into
Feature MENTAT:
0
o
3 * ACIS
S
S  DXF
o + |-DEAS
L
2 * IGES
o0
* NASTRAN
 PATRAN
* VDAFS
* MARC Input

Use the Import menu meNTAT to translate the data types.

fat] BIHARY

DF | apminus

I DEAS r
IGES | aFTions
FSETRIA 2
LT AR

WTWAF S J ormions "~
RARE EIPUT 4

Files>File 1/0>Import
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Import-Export Utility

About the Export
Feature

Importing an ACIS File

Use the Export feature to create the following data types in
Mentat:

« ACIS
 IGES
 FIDAP

* NASTRAN

Use the Export menu mENTAT to create the above data
types.
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P TILAN

Files>File I/O>Export

To import an ACIS file:

1. Choose Files>Import.

2. ChOOSBINARY OITEXT.

ACIS binary files have .sab extension. ACIS text files
have a .sat extension.

3. Clickacis.
4. Using the file browser, choose the ACIS file.
5. Clickok.

The ACIS file that you read in comprises of a number of solids,
each consisting of solids, faces, edges, and vertices.
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Import-Export Utility

Modifying the ACIS You can modify the ACISfile using the geometric operators

File given in the Mesh Generations>Solids menusinMENTAT. To
generate a finite element mesh of these solids, you should first
convert the ACIS faces into NURB surfaces using the Mesh
Generation>Convert option.

ORASIORS

BIAE FACTORS
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CURVES TO FIYLINES
CURVES TO ITUHAPSLATED
AURFACED T POLYQMDE
AURFACER T INTERPOLATED

PHNTS TO MMDES
CURVES TO ELEMENTS
BURIACES To ELEMENTS

ENGER T CURVES
FACER T SURFACES

Mesh Generation>Convert
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Import-Export Utility

Importing a DXF File To import aDXF file:

1. Choose Files>Import.

2. ClickopTioNs nexttothepxF button and use the

- - . w
following table to set your DXF options: ®
2.
RY
To... Choose... 9
get acolor from the input file COLOR(S) §
get aparticular layer inthe input LAYER(S) §
file
specify atolerance for the input TOLERANCE
model
create a summary report of the REPORT

input file that includes the
following information:
* DXF version number

* DXF entity summary

« Mentat entity summary

3. Click DXF.
4. Using the file browser, choose the AutoCad file.
5. Click ok.

The DXF fileisread in and converted to surfaces, curves, and
geometric points.
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I mport-Export Utility

Importing an I-DEAS To import an I-DEASfile:
File
Choose Files>Import.

Click 1-DEAS.
Using the file browser, choose the I-DEASfile.
Click ok .

A wDpRE

The I-DEAS universal fileisread in and the finite element
model will be updated to contain the model, boundary
conditions and material properties from the SDRC model.
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Import-Export Utility

Importing an IGES File  To import an IGESfile:

1. Choose Files>Import.
2. Click opTions and usethe following table to set your
IGES options:

To... Choose...

* turn on validation of IGES entitie$s VALIDATE
(ON)
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» correct invalid entities so that they
can be processed
» check explicitly-defined semantics

in the IGES specification

include model space curves from REAL SP CRV

the IGES files in the Mentat model (ON)

get a color from the input file COLOR(S)
get a particular level in the input LEVEL (S)
file

specify a tolerance for the input TOLERANCE
model

create a summary report of the REPORT

input file that includes the
following information:

* |GES version number

* IGES entity summary

« Mentat entity summary

w

Click 1GEs.
4. Using thefile browser, choose the IGESfile.
Click ok.

o
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I mport-Export Utility

The IGESfileisread in and the geometric entities are converted
to surfaces, curves, and points. Finite element entities are
converted to equivalent MENTAT element types.

Importing a NASTRAN To import aNASTRAN or a PATRAN file:
or a PATRAN File
1. Choose Files>Import.

2. ChOOSeNASTRAN OF PATRAN.

3. Using thefile browser, choose aNASTRAN or a PATRAN
file.

4. Click ok.
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Thefinite element datais merged into them ENTAT model.
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Import-Export Utility

Importing a VDAFS To import aVDAFSfile:
File
1. Choose Files>Import.

2. Click opTions and usethe following table to set your

i ans: vs)
VDAFS options: ®
2.
RY
To... Choose... §
specify atolerance for the input TOLERANCE o
model 3
(7]

create asummary report of the REPORT FILE

input file that includes the
following information:
* VDA version number

* VDA entity summary

» Mentat entity summary

3. Click vDAFs.
4. Choosethe VDAFSfile using the file browser.
5. Click ok.

The VDAFSfileisread in and the geometric entities are
convertedtoMENTAT trimmed and untrimmed surfaces,
curves, and points.
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I mport-Export Utility

Exporting an ACIS File

Exporting an IGES, a
FIDAP, or a NASTRAN
File

To export an ACISfile:

Choose Files>Export.

Choose TEXT or BINARY. Thedefault settingisTEXT.
Click acis.

Using the file browser, choose the ACISfile.

Click ok .

o A WD E

An ACISfileiswritten out. The file consists of vertices, solids,
faces, and edges. Thisfile can be read by other ACIS-based
CAD systemsor by MENTAT.

To export an IGES, aFIDAP, or aNASTRAN file:

Choose Files>Export.

Click the relevant data type (e.g., IGES).
Using the file browser, choose the specific file.
Click ok .

A 0D

When you export an IGESfile, afile containing geometric
entities, surfaces, curves, points and finite element entitiesis
created. The fileisbased on the | GES standard, version 5.x.

When you export using the NASTRAN option, the datafile
export writes bulk data entries (See “D: NASTRAN Writer Data
Entries” on page 30bfrom the current Mentat database. The
data apply to structural analyses only.

50
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Import-Export Utility

Importing a MARC You can read in and merge existingm ARc fileswith the

Data File current model inMENTAT. A stand-alone program, based on
M AR C, reads the parameter and model definition dataonly and
prevents the inclusion of bad incrementation data in the model.
For alist of stored datatypes, see Appendix C: MARC Data
Reader Support (p. 297).

Toimport am ARC datafile:

1. Choose Flles>Read.
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2. Choosetherelevant filein the file browser.

3. Clickok.
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Adaptive Plotting

Adaptive Plotting

About Adaptive The adaptive plotting feature automatically changes the number

Plotting of divisons used to represent curves or surfaces based on the
curvature. The feature uses more divisions in areas of high
curvature which enables you to use a minimum number of
graphics resources.

Based on atolerance that you specify, the feature works
identically for curves and surfaces.
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Tolerance and Modes The tolerance in adaptive plotting is the measure of the
of Tolerances deviation between the curves that are drawn and the actual
curve.

drawn curve

actual curve

segments drawn with a segments drawn with a
relatively higher tolerance relatively lower tolerance

When you change the default tolerance settings in the adaptive
plotting feature, you can choose either of the following types of

tolerances:
* relative
* absolute
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Adaptive Plotting

About Relative In relative mode, the tolerances are relative to the length of the
Tolerance curve and longer curves have larger margins of error.

For most cases, use the relative mode of tolerance.

actual curve

t tolerance, t;

drawn curve
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Relative Tolerance

About Absolute Mode In absolute mode, the same tolerance is applied regardless of
of Tolerance the length of the curve. So the margin of error for asmall curve
would be the same asfor along curve.

actual curve

tolerance, t

drawn curve

Absolute Tolerance

Use absolute tolerance in the following situations, when you:

» wish to spend fewer graphics resources on smaller curves

» are viewing the model from a larger perspective and the
smaller curves seem less critical

* know the size of the model

» are able to pick a good tolerance
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Adaptive Plotting

Safety Features

ThemiIN DEPTH andMAX DEPTH features are safety
features that control the number of segments generated. The

number of segments generated is 2" where n is the number that
you enter in the respective M IN DEPTH andMAX DEPTH
fields. Use the following table to determine the number of

segments:

For curves:

When you enter the

the lower limit for
the number of

and the upper limit
for the number of

value... segments is segments is equal
equal to... to...
NiNMIN DEPTH on om

MINMAX DEPTH

For surfaces:

When you enter the
value...

the lower limit for
the number of
patches is equal
to...

and the upper limit
for the number of
patches is equal
to...

NiNMIN DEPTH

MIiNMAX DEPTH

(2M?

(2m?
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Adaptive Plotting

Default Settings The following table contains the default settings for curves and
surfaces:

Field Curves Surfaces
TOLERANCE 0.1 0.25
MIN DEPTH 3 3
MAX DEPTH 7 5

Changing the Default Although the adaptive plotting feature works automatically

Settings based on default settings, you can change the settings to reflect
your needs more accurately. This enables you to minimize the
number of segments or patches drawn while still retaining a
given tolerance.

change settings
for curves here

change settings
for surfaces here

e change pre-defined
settings here

Elﬁ

Plot>More>Divisions

To change the default settings:

1. Choose Plot>More>Divisions

2. Chooseeither RELATIVE OF ABSOLUTE.
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Adaptive Plotting

3. Choose one of the following options:

* To change the settings for curves, choosev e
FACETTING.

« To change the settings for surfaces, cheaserAcE
FACETTING.

4. ClicktToLERANCE and type in a value.
ClickmiN DEPTH and type in a value.

6. Clickmax pEPTH and type in a value.
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About Pre-Defined Depending on the degree of accuracy of plotting that you are
Settings aiming for, you can choose from among the following pre-
defined settings:

* high
¢ medium
¢ low

Use the “high” setting when the accuracy of the plotting of
surfaces and curves is critical. Use the “low” setting when the
accuracy of plotting is not so critical and you wish to speed up
the display of the model.

Additional Information Use the following table to find more information:

For... EHEr i in...
Chapter(s)...
description of 15:Visualization Mentat 3.1
buttons in the Command
Adaptive Reference
Plotting menus
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View Shapshot

View Snapshot

About View Snapshot Use the View Snapshot feature to capture the graphics area and
saveitinafilein aspecific file format.

You can save afilein the following formats:

IRIS RGB
PostScript

TIFF

MS-Windows BMP
JPEG

GIF
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Creating a View To create a view snapshot in IRIS RGB, TIFF, BMP, GIF:
Snapshot in IRIS RGB,
TIFF, BMP, GIF

=

Choose Utils>Snapshot.

N

Click the relevant format button (i.er1s RGB, TIFF,
MS-WINDOWS BMP, GIF) in the Create sub-menu.

3. Type the view no. (i.e.,1,2,3 or 4) in the command prompt.
4. Press Enter.

5. Type the image file name that you wish to save the view to.
6. Type "y” if you wish to save it or “n” to cancel.

7. Press Enter.

During this operation, the data is read directly from
the screen. So you should have the desired view
completely visible during this operation.
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View Shapshot

PostScript Files

Creating a view snapshot in PostScript involves the following
stages:

» Setting the PostScript plotting attributes

» Creating the view snapshot file

Setting the PostScript You can specify the PostScript plotting attributes inthe e
Plotting Attributes POSTSCRIPT menu or use the default settingsiaNTAT.
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Keitlti | ol

Utils>Snapshot>PostScript

You can specify the following plotting attributes:

To... Choose...

use color or grayscale in GRAY OrCOLOR
your file respectively

specify page dimensions| PAGE wiDTH and/or
(in inches) PAGE HEIGHT
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View Shapshot

COLOR FILE

To... Choose...
specify the origin of the X ORIGIN and/ory
image, in inches ORIGIN
send a specific image file  one of the following:
to a specific printer e PRINT 1 g}u
wn
* PRINT 2 I~
e PRINT 3 3
(@]
saveto file GRAY FILE Of 3
o
c
()
(7]

Creating View To create view snapshots in PostScript:
Snapshots in

PostScript Click uTiLiTiES inthe static menu area.

Click sNAPsHOT intheuTILITIES menu.

Click posTscRrIPT inthecREATE Sub-menu.

Typethe view no. (i.e.,1,2,3 or 4) in the command prompt.
Press Enter.

Type the image file name that you wish to save the view to.

Type “y” if you wish to save it or “n” to cancel.

© N o g~ W DN PP

Press Enter.

JPEG Files

Creating a view snapshot in JPEG involves the following
stages:

» Setting the JPEG attributes

» Creating the view snapshot file
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View Shapshot

Setting the JPEG Use the following table to set the JPEG attributes:
Attributes
To set the JPEG with a range .
attribute... of values... Cliel%-,
o Quality (the higher 1-100 JPEG
= the value, the greater QUALITY
© . .
Q the file size and
S better the image
a guality)
(&)
'@ Smoothing (reduces 5-30 JPEG
o0 the distortion of SMOOTHING

edges when you
shrink or expand an
image)

The default attributes are;

e JPEG QUALITY—75

e JPEG SMOOTHING—15

Changing the Default To change the default JPEG attributes:

JPEG Attributes
1. ClickarpEc QuUALITY inthe Attributes sub-menu.
2. Enter a new value.
3. ClickJPEG SMOOTHING.
4. Enter a new value.
Creating View To create view snapshots in JPEG:

Snapshots in JPEG
1. Choose Utils>Snapshot.

2. Clickipec inthecrREATE sub-menu.

3. Type the view no. (i.e.,1,2,3 or 4) in the command prompt.
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View Shapshot

Press Enter.
Type the image file name that you wish to save the view to.

Type “y” if you wish to save it or “n” to cancel.

N o o &

Press Enter.
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Plotting PostScript Image Files

Plotting PostScript Image Files

About Plotting a
Graphics Image

Printing PostScript
Image Files

You can plot grayscale or color graphicsimagesSinMENTAT

using either of the following options:

» send a PostScript file (color or grayscale) representing the
current graphics image to a specific printer. To use this
option, you must configure the printer by editing the
appropriate file in the bin directory.

» write a PostScript output (color or grayscale) to a file.

After you write a PostScript output to a file, you can print the

image in one or more of the following ways:

* send the PostScript file to a printer that supports PostScript.

* import the PostScript file as an object into an application
that reads PostScript files as input (e.g. FrameMaker).
Depending on the application, you can alter the object
attributes (e.g., size, rotation, aspect ratio, etc.) before you

print the image.

The image files shown here were written as
PostScript output filesin MENTAT and read into
FrameMaker, a document publishing software.

62
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Plotting PostScript Image Files

Setting PostScript To set the image attributes of a PostScript file before you write
Image File Attributes it to afileor aprinter:

1. ClickuTiLs inthe static menu area.

2. Click seTTINGs and enter the image attributes.
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FAGL W j+ | set the size of the 8
PAGE HEIGHT I:'s. || image o
I—I-—-_ c
KD L set the origins (in inches) a
¥ GG In_t o of the image area wn
5 DF 150 B = - )
=i L setthe resolution of
= &l the image

PORT AT = LANECNPE -

—I_ set the orientation

of the image

NENEREN NN N

NENERNEN NN

Utils>(PostScript)Settings

Sending a PostScript To send a PostScript image file directly to the printer (you must
Output Directly to a configure your printer before you send the file):

Printer
1. ClickuTiLiTIES inthe static menu area.

FETTIRGE
SOUOR frowm e L specify different printers
COLDA PRINT 2 | GRAY PRIAT E as destinations for the
COLOA PRINT 3 | GRMY PRINT 3 output file
COLOA ALE | GRAY FLE

Utilities

2. Choose a printer destination (e.g., Color Print 1) for the
output file.
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Plotting PostScript Image Files

About the Resolution You can use the Settings menu to specify aresolution, in dots
of PostScript Images per inch (dpi), for the PostScript image. Higher resolutions
result in greater size of the PostScript file.

Here are examples of PostScript images with three different dpi
SettingSINMENTAT:

* 75 dpi (lines are jagged; smallest size of file)

E-Eb:: I—1 e - .
T e n

ka0

n
[}
—
-]
e
[B)
(&)
o
=
Al
O
0
©
m

EAEO)

| B )

Q=]

1 e

5 e 00

EAT o0

L LU

4050

by
EElTE 00 i

LM
Senstivity resulis: vansire sl | liwer
Elesmav] et v Lioiy i

Grayscale File of Image Plotted at 75 dpi
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Plotting PostScript Image Files

Increased

font size (20 points)
to improve readability
of text matter

150 dpi

]
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Gray File of Image Plotted at 150 dpi

300 dpi (lines are smooth; smallest size of text matter;

largest size of file)

Gray File of Image Plotted at 300 dpi
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E Plotting PostScript Image Files

Increasing the Font
Size of Text Matter

For quality images, choose a resolution that is higher
than 75 dpi.

When you choose a higher resolution (e.g., 300 dpi) for the
Image, the text matter in the image area appears relatively
smaller. You can offset this by increasing the font size for the
text matter in the image area before you write the PostScript
output file.

To increase the font size of the text matter in the image area:

1. Choose Device>Set Font.

BET FONT ArEET
[memsrn = wercr =
[e-mrEnrn — pmrce = |

EFFEETIT TS [ —

-l -yl | B B 18 T My e e )
T N e T - list of

- k- b s - PR - 6 T3-S availa_ble
Zmiohes-butryben e el 101001V P0p B-prwnerd | fonts It
bl by s bl 1T 1T TE T by vt g(r)]sirrooncrﬁent
~ il i - ] - - - - 1. V- - - o I - -l or platform

Device>Set Font

2. Fromthelist of available fonts, choose alarger font size

(eq., 32).

The list of available fonts and font sizes vary depending
on your local environment/platform.
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Plotting PostScript Image Files

Additional Information Use the following table to find more information:

For refer to in
Chapter(s)...

instructionson how to Mentat Mentat gl
configure your Interfaces Installation 2}
destination printer(s) Guide(s) o
. T

for your PostScript 3
files 3
o

=

()

(72}
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Arrow Settings

Arrow Settings

About Arrow Settings Use the Arrow Settings feature to indicate boundary conditions
on your finite element model. You can specify the following
attributes for the arrows:

* length—for preprocessing arrows

« mode—for all arrows
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To view the Arrow Settings options, choose Boundary
Conditions>Arrow Settings.

L M 1 i CER
AToNATIC: FacTom 7

WINE
S0 = |EFGES o

eFcErs o

Boundary Conditions>Arrow Settings

Specifying the Length To specify the length of preprocessing arrows in the user
of Preprocessing coordinate system manually:
Arrows Manually

1. Choose Boundary Conditions>Arrow Settings.
2. ChoosevnANUAL.

3. ClickLencTH and specify a value.
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Arrow Settings

Scaling the Length of You can specify the length of arrowsto be a percentage of the

Arrows Automatically graphics screen. The arrows are then automatically scaled with
respect to the graphics screen. Usethe FAcToOR button to set
the percentage of the graphics screen.

To scale the lengths of arrows automatically:

1. Choose Boundary Conditions>Arrow Settings.
2. ClickAuTtomATIC.

3. Click FaAcToOR and enter afraction (e.g., 0.2).

w
QD
Q.
o
1Y)
-
(@)
o
D
Q.
c
-
D
(2]

About Arrow Modes You can specify how the arrows are drawn by choosing one of
the following modes:

e wireframe

wireframe arrow

+ solid

with edges without edges

solid arrows

Use the#Fa ceTs button to specify the number of facets for an
arrow.
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Arrow Settings

Additional Information Use the following table to find more information:

For... EHE {19 in...
Chapter(s)...
description of 4:Boundary Mentat 3.1
buttonsin the Conditions— Command
Arrow Settings Arrow Settings Reference
menu
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Element Extrapolation

Element Extrapolation

About Element Use the Element Extrapolation feature to control extrapolation
Extrapolation for of the integration point values to the nodes of an element for -
Display Purposes display. &
2.
» node P
(@]
(@]
(0]
o O0—————— integration point g
®
[ ! centroid n
[0} o
element
[ l

Components of Element Extrapolation

There are three element extrapolation methodSinMENTAT:

* Linear—the average of the integration point values is
calculated and placed at the centroid. TherrRc performs
a linear extrapolation of the values from the centroid
through the integration point to the nodes.

* Translate—the values at the integration points are simply
copied to the nearest nodes. If there are fewer integration
points than nodes ARc averages the values of
neighboring integration points. When combined with the
Isolate feature (Results>More>lsolate) to isolate just one
element, this enables you to see the exact integration point
values produced by Arc in history plots.

* Average— ARC computes the average of all the values at
the integration points and assigns an equal value to all the

nodes.
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Element Extrapolation

Selecting an Element To select an element extrapolation method inMm ENT AT, choose
Extrapolation Option Results>Scalar Plot Settings>Extrapolation.

0

9 LI AR r

> TRAHELATE

©

1) AT

O

(@) — toggles the averaging of nodal
E Py [} values between elements
o OFF B

w . .

g Results>(Scalar Plot) Settings>Extrapolation

About Nodal Use the Nodal Averaging feature to control the inter-element
Averaging averaging of the nodal data after extrapolation. To ensure that
the contour lines are continuous, choose on.

neighboring { / [ node
elements

AN

Nodal Averaging Enabled

When you choose (nodal averaging) orFF, each element is
independently contoured and the contour lines are
discontinuous.

When you notice large differences between the
averaged and the non-averaged results, the analysis
is probably not very accurate.
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4o General Technology

Using the N to 1 and N to N Options in Links

Specifying Node Lists and Node Paths

Buckle Solutions Using Lanczos Method

Adaptive Load Stepping

Extended Precision Input

Constant Dilatation

Assumed Strain

Numerical Preferences

User-Defined Post Variables

Mentat 3.3-MARC K7.3: New Features

73



 General Technology

Mentat 3.3-MARC K7.3: New Features



Using Nto 1 and N to N Optionsin Links

Using Nto 1 and N to N Options in Links

About Nto 1 and N to TheNto 1 and N to N options are useful when you are applying

N Options constraint equations (ties or servo links) or springs that are
similar in nature. A typical application iswhen you are
modeling generalized plane strain conditions and you want
multiple nodes to move as one node.

Here are the situations where you can use these options:

* N to 1—multiple ties between N tied nodes and commo
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retained node(s).

1st 2nd ... nth 1st 2nd ... nth
tied
nodes
retained
nodes
N to 1 with only N to 1 with two
one retained node retained nodes

* N to 1—multiple springs between N begin nodes and one

common end node.

1st 2nd ... nth

begin

end

N to 1 multiple springs
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Using N to 1 and N to N Optionsin Links

* N to N multiple ties (servo links)—N tied nodes WaliN

retained nodes, wheteis the number of retained nodes per

constraint
1st 2nd nth
tied
nodes
retained
nodes
N-N servo links: three retained nodes per constraint
* N to N nodal ties—multiple links between N tied nodes and
N retained nodes with no common nodes.
1st 2nd ... nth
tied ? 1 ! 1
nodes
retained
nodes ® ® ® L
N to N nodal ties
* N to N springs—multiple springs, each with the same
stiffness/dashpot values, between two lists of nodes.
1st 2nd ... nth
begin p
nodes
end
nodes p

N to N springs/dashpots
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Using Nto 1 and N to N Optionsin Links

LocatingtheNtoland  TheNtoland N to N features are located in the Nodal Ties,
N to N features Servo Links and Springs/Dashpots menus.

coy | PREV |Hﬂ'lEﬁlT‘
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M0 1 SPRMGUASHAOTS | Location of the N to 1
and N to N buttons

in the Links menus

Links>(Springs/Dashpots)

About Node Lists and You specify node lists and node paths to establish links between

Node Paths nodes (See “Specifying Node Lists and Node Paths” on page 86
Use the following table to determine which entity to specify
with afeature:

When using the feature,... specify...
Ntol node list
NtoN node path(s)
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E Using N to 1 and N to N Optionsin Links

Usingthe Nto 1 Usethe N to 1 feature for Nodal Ties to make multiple similar
Feature for Nodal Ties tiesfor alist of N different tied nodes that have one common
retained node.

To usethe N to 1 feature for nodal ties:

1. Choose Links>Nodal Ties.
2. ClickN To 1 NobAaL TIES inNoda Ties.

3. Click Ty PE and choose atying typein Tying Types.
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e |
1 m—_
1 Tt vggrva o4 Frussiom

T [[7rat Thegrrss 52 Frvsaciom

3 Wl [esgprees pd Frssgion
Scroll this list to choose

a tying type

il

=1

Links>Nodal Ties>Type

4. For user-defined ties, click se T and enter the number of
retained nodes.

5. Specify the retained node(s).

6. ClickApD TIES.

7. Enter the node list for the tied nodes.
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Using Nto 1 and N to N Optionsin Links

Usingthe Nto N Before you create the multiple tiesusing the N to N feature, you
Feature in Nodal Ties must identify the retained nodes. The number of retained nodes
varies with the your choice of atying type.

To usethe N to N feature for noddl ties:

0]
3
1. Choose Links>Nodal Ties. ®
L
2. ClickN To N NoDAL TIES inNoda Ties. p
S
>
=}
TYPE 1 s (@]
Q
<
SET I II
ADD TS | sy

Links>Nodal Ties

Click Ty PE and choose atying type in Tying Types.
4. For user-defined ties, click se T and enter the number of
retained nodes.
Click AbD TIES.
Enter the node path(s) for the tied nodes.
Enter the node path(s) for the retained nodes.

The number of times that the system prompts you for
the retained node path depends on the number of
retained nodes in the tying type that you selected.

Mentat 3.3-MARC K7.3: New Features 79



Using N to 1 and N to N Optionsin Links

Usingthe Nto 1 The servo link constraint is of the general form:
Feature in Servo Links

T — Ry R,
UDOF - ClUDOF + CZUDOF

where U, isthedisplacement of thetied node, URL. isthe

displacement of the R, retained node, and C, isthe
corresponding coefficient.

Usethe N to 1 feature in servo links to create a servo link
having multiple tied nodes and one common set of retained
nodes.
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To usethe N to 1 feature in servo links;

1. Choose Links>Servo Links.

2. ClickN TO 1 SERVO LINKS inServo Links.

amrms 5
'I'IZIF|
e |
[
L]

Links>Servo Links>N to 1 Servo Links

Specify the degree of freedom for the tied node.

Enter the number of termsin the servo link equation.

o > w

Define the following for each term:

retained node

* degree of freedom
» coefficient

6. Clickapbp TIES.

7. Enter the node list for the tied nodes.
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Using Nto 1 and N to N Optionsin Links

Usingthe Nto N To usethe N to N feature in servo links:
Feature in Servo Links
Choose Links>Servo Links.

Click N TO N SERVO LINKS inServo Links.
Specify the degree of freedom for the tied node.

Enter the number of termsin the servo link equation.

o > w D

Define the following for each term:

degree of freedom

coefficient
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ClickADD SERVOS.

Enter the node path for the tied nodes.

© N ©

Enter the node path(s) for the tied nodes followed by the

retained nodes.

The number of times that the system prompts you for
the retained node path depends on the number of terms
that you specify.
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Using N to 1 and N to N Optionsin Links

Usingthe Nto 1 Usethe N to 1 feature for springs/dashpots in situations where
Feature for Springs/ you have multiple similar springs that have different begin
Dashpots nodes and a common end node.

To usethe N to 1 feature for springs/dashpots:

1. Choose Links>Springs/Dashpots.
2. ClickN TO 1 SPRINGS/DASHPOTS in Springs/
Dashpots.
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ATIFFHE S L]
DfkFRG COEF  Ji

USEE SUSTHOUTIRE WSPARG =

- SN

ADD SPAINGSE | RESET

Links>Springs/Dashpots>N to 1 Springs/Dashpots

3. Flag the subroutine, USPRNG, or enter the following
parameters:

* stiffness

damping coefficient

Enter the degree of freedom for the end node.
Specify the end node.

Enter a degree of freedom for the begin nodes.

ClickADD SPRINGS.

© N o 0 &

Enter the node list for the begin nodes.
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Using Nto 1 and N to N Optionsin Links

Usingthe Nto N When you usethe N to N feature for springs/dashpots, you
Feature for Springs/ specify node paths for begin and end nodes instead of alist of
Dashpots nodes. This ensures that there is a one-to-one correspondence

between the begin nodes and end nodes.
To usethe N to N Feature in Springs/Dashpots:

1. Choose Links>Springs/Dashpots.
2. ClickN TO N SPRINGS/DASHPOTS in Springs/
Dashpots.
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HTINTHE S I-
NAKETRG COFF II
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we

A0 BPRINGS RESET

Links>Springs/Dashpots>N to N Springs/Dashpots

3. Flag the subroutine, USPRNG, or enter the following
parameters:

o stiffness

damping coefficient

Enter the degree of freedom for the begin node.
Enter the degree of freedom for the end node.
ClickADD SPRINGS.

Enter the node path for the begin nodes.

© N o 0 &

Enter the node path for the end nodes.
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Using N to 1 and N to N Optionsin Links

About User-Defined
Ties

About Resetting
Parameters

Tying Types, 10001-10020, are user-defined tying types where
you can change the number of retained nodes. You cannot
override the retained node settings for any typing type other
than the user-defined tying types.

i1 || Usear Dafiad The # 11 (Lsar Ul UF G RE
10812 [[Tear Datwed The # 12 [Usar S OFORRGE)
10013 || Ussar Dafisid Tl # 13 [ User 508 U8 GHHS)
1031 || Usiser Dwrfimsad Thin @ 140 [ Ui Suly U8 OIS )
s | sser Dalmand T # 15 [Usir Wi 08 OHEG)

To scroll this list, use the

. ) TOP, UP, or DOWN buttons
Links>Nodal Ties>Type

The reset button resets the program parameters to the default
value that existed before you clicked ontheapp Ti1Es (or
ADD SERVOS, OrADD SPRINGS) button.

The parameters that you reset for an N to N link type (e.g.,
servo links) are shared with the N to 1 menus for that link type
only and not with any other link type. So when you press the
reset button for a particular link type, youresettheNto1and N
to N parameters for that link type only. The parameters in other
link types are not affected.

84
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Using Nto 1 and N to N Optionsin Links

Additional Information

Use the following table to find more information:

For... refer to in...
Chapter/s...
description of 6: Links Mentat 3.1
buttonsin the Links Command
menus Reference
description of tying 9:Boundary Vol. A
types Conditions—
Kinematic
Constraints
MARC input 3:Model Vol. C
description Definition
Options
UFORMS 2: User- Vol. D
Defined
Loading,
Boundary
Conditions
and State
Variables
Subroutines
demonstration Vol. E
problems (See “Lists
of Demonstration
Problems in MARC
K7.3” on page 323
Mentat 3.3-MARC K7.3: New Features 85

@
(1)
>
@
=
=
@
(9]
>
>
o
o
«Q
<




Spoecifying Node Lists and Node Paths

Specifying Node Lists and Node Paths

Specifying a Node List ~ Use the following table to choose a method for specifying a

> node list:
S
© Method Procedure
£
2 A 1. Use<wmL> to pick nodes (to undo your last
IS pick operation, click <M M >).
(8]
S 2. Indicate end of list by choosing one of the
)
following:
e ClickeEND LIST (#).
* Click <mRr> in the graphics area.
* Type “#” in the dialogue area.
B Type in the name of a node set in the dialogue
area.
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Soecifying Node Lists and Node Paths

Method Procedure

C 1. Type in the node ID’s separating each entry b
a space or a comma.

2. Indicate end of list by choosing one of the
following:

e ClickenD LIsT (#).

* Click <mRr> in the graphics area.
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* Type “#’ in the dialogue area.

D 1. Use the Box Pick or Polygon Pick method to

pick the nodes. To undo the last Box Pick or
Polygon Pick, clickkmm >.

2. Indicate end of list by choosing one of the
following:

e ClickenD LiIsT (#).

* Click <mRr> in the graphics area.

* Type “#” in the dialogue area.

E Use the List buttons (see Mentat User Guide:
Chapter 2.5l.ist Specification).
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Spoecifying Node Lists and Node Paths

Specifying a Node Use the following table to choose a method for specifying a
Path node path:
Method Procedure
A 1. Click <mL > to pick the nodes defining the
node path.

2. Indicate end of list by choosing one of the
following:

e ClickeEND LIST (#).
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* Click<mr>.
* Type “#” in the dialogue area.

The program automatically detects all the
nodes in the node path.

B 1. Inthe dialogue area, type in the nodes
defining the node path.

2. Indicate end of list by choosing one of the
following:

e ClickeEND LIST (#).

* Click<mr>.

* Type “#” in the dialogue area.

C Type in the name of a node path set in the
dialogue area.
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Soecifying Node Lists and Node Paths

Storing a Node Path You can also store a node path set and use it in commands
Set where you need to enter node path information.

To store a node path set:

> w0 DN P

page 89.

Additional Information Use the following table to find more information:

Click seL EcT inthe Static Menu area.
Click STORE NODE PATH.
Enter aname for the set.

Specify anode path (See “Specifying a Node Path” on
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For refer to in

Chapter(s)...
list 2, Mechanics of Mentat User
specifications Mentat Guide
and mouse
button 1, Introduction Mentat 3.1
functions Command

Reference
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Buckle Solutions Using Lanczos Method

Buckle Solutions Using Lanczos Method

About Lanczos Method
for Buckle Solution

Specifying a Buckle
Solution Method

You can now use the Lanczos method for buckle eigenvalue
extraction analysisin m ARc. There are now two methods for
specifying the buckle parameters:

* Lanczos

* Inverse Power Sweep

The Lanczos method is more computationally efficient than the
Inverse Power Sweep method for relatively larger problems and
small problems that require more than five buckle modes.

To specify a buckle solution method for your job:

1. Choose Jobs>Mechanical>Analysis Options.
2. In the Buckle Solution Method menu area, choose either

LANCZOS OFINVERSE POWER SWEEP.

| ||:|rr | |

Eﬁw_-wr_zﬁ A TR Bt Shiution
oisiGn armmuation | on—|fons  LARG0S method
| e wn e 0 BUKKIFMCAFWENTE il on—Toe— |

Jobs>Mechanical>Analysis Options

90
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Buckle Solutions Using Lanczos Method

Additional Information Use the following table to find more information:

For refer to in
Chapter(s)...
background Dynamic Vol. A
and reference Eigenvalue
information Extraction
input options BuckleParameter Vol. C
Card/Buckle
History
Definition Card
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Adaptive Load Stepping

Adaptive Load Stepping

About Adaptive Load
Stepping

Loadcase Types
Featuring Adaptive
Load Stepping
Parameters

Use the Adaptive Load Stepping procedure to control the time
step of nonlinear analyses. The criteria that you can control
using the Adaptive L oad Stepping procedure include the
following:

total strain
plastic strain
creep strain
strain energy
temperature
displacement

rotation

The procedure is best suited for problems with instabilities such
as, snap through, necking, or cracking. You can use the
procedure with all nonlinear structural mechanics procedures in
MARC.

Use the following table to locate the loadcase types that feature
the Adaptive Load Stepping parametersi|ENTAT:

Loadcase types that feature
Analysis Class Ad_aptlve —
Stepping parameters
Mechanical » Static
* Creep
* Dynamic Transient
* Rigid Plastic
Coupled * Quasi-Static
» Creep
* Dynamic Transient
* Rigid Plastic

92
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Adaptive Load Stepping

Displaying the
Adaptive Load
Stepping Parameters

use these fields

to set the

general parameters
for adaptive

load stepping

To display the Adaptive Load Stepping parameters.

ChooseLoADCASES in Main Menu.

Choose either MECHANICAL Of COUPLED.

1.
2.
3. Choose aloadcase type (e.g., Creep).
4.

Click PARAMETERSINMECH. LOAD (MULTI-

CRITERIA).
IITIAL THAE ST fu
IR STEP RATI [
MR ETEF RATIO B
NI TIHE STER lo
e TikeE STEF [e
HUSAHER OF STEFS Il
# MECAELES —
[
STRAIN IRCEEMENT FARAKETERS

Loadcases>(Mechanical)>(Creep)>
Mechanical Load (Multi-Criteria) Parameters
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When you click MECH. LOAD (MULTI-CRITERIA), it

generates the AUTO STEP option in MARC. This

option is similar to the mechanical load equilibrium
procedure, whichin MARC WAS called AUTO TIME

as a method to control time steps, but is more powerful.
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Adaptive Load Sepping

About Minimum and The minimum step ratio and the maximum step ratio are the

Maximum Step Ratios ratios of the time step of the current increment to the time step
of the next increment. Use these ratiosto prevent the time steps
from varying too sharply.

About Load Stepping You can use avariety of criteriato control load stepping. You
Criteria can either have one only one criterion or several criteriato
govern the steps.

The Adaptive Load Stepping criteria are grouped into two
sections:

* element information (e.g., strain increment)

* nodal values (e.g., temperature increment, displacement

increment)

criteria
relating to
element
information

criteria
relating to
nodal values

1B B [E e

click here to —_— click here to apply
set the parameters the criteria
for the criteria to a range of
elements or nodes
Loadcases>(Mechanical)>(Creep)>
Mechanical Load (Multi-Criteria) Parameters
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Adaptive Load Stepping

Setting the Bounds To set the bounds for a criterion:
Parameters for a
Criterion 1. Choose LoADCASES inMan Menu.
2. Chooseeither MECHANICAL OF COUPLED.
3. Choose aloadcase type (e.g., Creep).
4, Click PARAMETERSINMECH. LOAD (MULTI-

CRITERIA).
5. Click parameters associated with an increment (e.g., Creep

Strain Increment).
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For every criterion that you select, you have to specify a bound
on the allowable value of the criterion.

EXAMPLE

If you picked plastic strain increment, you might set a bound to specify that
plastic strain increment within a step to be less than, or equal to, 1%. There
are two possihilities:

1. If theprogram performs an increment of analysisand the plastic strainis

greater than 1%, then that increment is recycled with asmaller step.

2. If theincrement satisfies the criteria (i.e., strains are less than, or equal
to, 1%), then in the subsequent increments, the time steps increase
because the program can take larger time steps and still satisfy your cri-

teriafor accuracy.
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Adaptive Load Stepping

About Specifying
Multiple Ranges for a
Criterion

Applications of
Multiple Ranges for
Criteria

To make adaptive load stepping even more effective, you can
specify multiple ranges for a particular criterion.

EXAMPLE

For a plastic strain increment, you can specify the following:

When the plastic strains are less tﬁém of 1%, the increments of plas-

tic strain are less thélmloo of 1%.

When the plastic strain is less than 2%, you might accept strain incre-
ments of 0.1%.
If the plastic strains are very large (e.g., 10% or 100%), you might

accept strain increments of 1% or 2%.

The criteriathat you specify depends on where you arein the
analysis or the type of material behavior in the analysis.

Multiple ranges are typically applicable to the following:

manufacturing problems—where you want to force small
strain increments at the initial yield point of the elastic-
plastic material and you want larger time steps at the higher

range of plastic strain.

creep analysis—where the material has different behavior
between primary and secondary creep stage or tertiary creep

stage.

96
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Adaptive Load Stepping

Additional Information Use the following table to find more information:

For refer to in

Chapter(s)...
definition of 11: Analysis: Mentat 3.1
buttonsin Loadcase— Command
Adaptive L oad Adaptive Multi- Reference
Stepping criteria Load

Stepping

description of 4. History Vol. C
the AUTO Definition
STEP inputin Options
MARC
demonstration e3x12b, e3x21f, Vol. E

problems

e3x33, edxTc,
€5x8, e7x3b,
e7x4b, e8x12d,
e8x13b, e8x15d,
e8x16b, e8x17b,
e8x18d
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Extended Precision Input

Extended Precision Input

About the Extended The Extended Precision Input feature ensures that the data

Precision Input which you enter intoMENTAT, to betransferred intoamArRC

Feature input file, has greater precision. This greater precision is useful
in accurately modeling NURB surfaces for contact analysis (p.
141).

The Extended Precision Input feature al so allows the solution of
extremely large models. You must use the feature to create
models with greater than 99999 elements or 99999 nodes.
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Activating the To activate the Extended Precision Input Feature:
Extended Precision
Input Feature 1. Choose Jobs>Run.

click to activate
Extended
Precision input

Jobs>Run

2. ClickEXTENDED PRECISION INPUT.
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Extended Precision Input

Format Changes to When you write am AR c input file using the Extended
Input Files Precision Input feature, the following format changes occur:

» theEXTENDED parameter is included in the input file.

» allintegers are written using the 110 format instead of thejf
format.

» all floating point numbers are written in the F20 or the F
format instead of the F10 or the F15 format.

» all character strings are written using the A20 format
instead of the A10 format.

» the input field widthsgee Vol. C: Chapter 2—Parametgrs

ABojouyoay esaus

are doubled when you include the EXTENDED paramete.

You can also mix the formats of an existing input
file by using the NEW option (see Vol. C: Chapter 4—
History Definition Options ).
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Constant Dilatation

Constant Dilatation

When to Use the
Constant Dilatation
Parameter

Analysis Classes
Featuring the Constant
Dilatation Parameter

Use the Constant Dilatation parameter with element types, 7,
10, 11, 19, or 20, to improve the behavior of these elements for
modeling nearly incompressible materials. During elastic-
plastic or creep analysis, use the Constant Dilatation parameter
for these elements.

However, when you use the multiplicative decomposition,
elastic-plastic formulation or the large-strain elasticity
formulation in the Updated L agrange framework, you do not
require the Constant Dilatation parameter.

You can activate the Constant Dilatation parameter for the
following analysisclasseSiInMENTAT:

* Mechanical

* Rigid Plastic

* Coupled

e Coupled Rigid Plastic

100
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Constant Dilatation

Activating the To activate the Constant Dilatation parameter for any of the
Constant Dilatation above analysis classes:
Parameter
1. Click Jobs.
2. Choose an analysis class (seelist of relevant analysis Q
>
classes above). @
L
3. Click ANALYSIS OPTIONS. p
(@)
=25
>
=
(@)
(@]
1 <
]l DF il
r DESMIN SEMEITIVITY OFE
these ] QFE
analysis 4 BCALE TO NAET MELD ,-_I
classes |
feature the
Constant 1 o rowcvER Fance J click to activate
Dilatation | 1 [CoHETRHT DiLATATICH —1——— Constant Dilatation
parameter S A puspiucn sTpim J

Jobs>(Analysis Class)>Analysis Options

4. Inthe Analysis Optionswindow, click CONSTANT

DILATATION toenableit.

You can also activate the Constant Dilatation option
by adding the CONSTANT parameter to the input file.

Additional Information Use the following table to find more information:

For refer to in
Chapter(s)...
description of the 2: Parameters Vol.C
CONSTANT parameter,
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Assumed Srain Formulation

Assumed Strain Formulation

About the Assumed
Strain Formulation

Analysis Classes That
Feature Assumed
Strain

Use the Assumed Strain formulation in conjunction with
elements 3, 7, and 11 to modify the conventional shape
functions of the elementsto improve the bending behavior. For
linear elastic problems, the Assumed Strain formulation makes
it possible to capture pure bending using a single element
through the thickness.

Using the Assumed Strain formulation increases
computational costs.

You can use the Assumed Strain formulation for the following
analysis classes:

+ Mechanical

* Rigid
» Plastic
 Coupled

* Coupled Rigid Plastic
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Assumed Strain Formulation

Activating the To activate the Assumed Strain formulation:
Assumed Strain
Formulation 1. Jobs>Analysis Class (see analysis classes above)>Anaysis

Options.
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- i - click to activate
COHETAINT DATATION Assumed Strain
ARSUEED STRAm | formulation

| Y TS i | !

EEEEE] |

Jobs>(Analysis Class)>Analysis Options

2. Click AsSSUMED STRAIN to activate formulation.

When you use the Assumed Strain option in Analysis
Options, it activates the ASSUMED parameter in the
input file. You can also add the ASSUMED parameter
directly to the input file.

Additional Information Use the following table to find more information:

For refer to in
Chapter(s)...
description of the 2. Parameters Vol.C
ASSUMED parameter
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Numerical Preferences

Numerical Preferences

About the Numerical Use the Numerical Preferences option to change the default
Ny Preferences Option parameters that control the solution of a numerical analysis.
z_om You can use this option for the following analysis classes:
o
;—‘C) * Mechanical
e . Rigid Plastic
g e Coupled
8 * Coupled Rigid Plastic
*  Fluid
* Fluid-Thermal
e Fluid-Solid

¢ Fluid-Thermal-Solid

The Numerical Preferences option activates the
PARAMETERS model definition or history definition
option.
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Numerical Preferences

Activating the To activate the Numerical Preferences option:
Numerical Preferences
Option 1. Clickioss.
2. Choose an analysis class (see valid analysis classes above).
Q)
3. Choose Job Parameters>Numerical Preferences. o
D
)
o
(¢
=25
i | 1 3
o
«Q
<

—— options are
available or
grayed out
based on the
analysis class

ﬁiﬂl

=TT S|

Eapeagne il
r

L —

soangueams I

| T ey N i

SN L .

Jobs>(Analysis Class)>Analysis Options>
Job Parameters>Numerical Preferences

Additional Information Use the following table to find more information:

For refer to in
Chapter(s)... -
description of the 3: Model Vol.C
PARAMETER model Definition
definition option Options
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= User-Defined Post Variables

User-Defined Post Variables

About User Subroutine  There are three user subroutines to define the quantitiesto write
to Write to the Post to the post file during an analysis:
File

* ELEVAR—output of element quantities

* ELEVEC—output of element quantities in harmonic
analysis

e UPOSTV—few user subroutine) user-selected post-
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processing of nodal variables

The new user subroutine, UPOSTYV, enables you to define nodal
vectors.

Activating the User To activate the user subroutine UPOSTV:
Subroutine UPOSTV
1. Click Jobs>(Analysis Class)>Job Results.

W Ui Dol vor # 1[_u5_m
s Dl Wi @ 0 f sl Sl PLIKI
= =
T 1
e

Jobs>(Analysis Class)>Job Results

enter number
— of vectors
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User-Defined Post Variables

2. Click# USER DEFINED NODAL VECTORS and enter

the number of vectors.

As an alternative, you can modify the POST model

definition option (See Vol. C: Chap.3—Program Control ).
It is also necessary to write the user subroutine and
include it with any other user subroutines.

Additional Information Use the following table to find more information:

For refer to in
Chapter(s)...
description of the user 7: Output Vol.D
subroutine, UPOSTV Quantities
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5 Mesh Generation

Repair Geometry

Trimming Surfaces 114
About Tolerance Value for Curve Intersection 120

Curve Divisions

Applying Fixed Divisionsto a Curve 123
Parameters for Curvature-Dependent Curve Divisions 124

Using the Advancing Front Mesher

Soecial Considerations for Quad Meshing 129
Soecifying Distortion Parameters 131

Using the Delaunay Mesher

Features of the Delaunay mesher 133
Applying the Delaunay Mesher 134

Expanding Elements Along a Curve

About Expanding Elements Along a Curve in Mentat 3.3 135

Creating a Node Point at Midpoint
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Creating a New Point 138
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e Mesh Generation
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Repair Geometry

Repair Geometry

About Repair Use the Repair Geometry menus to clean up the geometric data
Geometry Operations for curves and surfaces when you import a CAD geometry.
5
wn
>
Q)
D
TR SUSIFACES | (3D
RUMOVE FIHEE CUNNES | §
=
CLEAN 211 CUSTVE LD | use the Repair S

URFACE Geometry commands
o e for either curves

Ml T4 EllAlCE or surfaces

SUNE il ToL [oom

R

WA TOLERSMCE |5

BREAK CURVES |

EPLIT CURVES |
CHECK DURVES:

CHILCE, SURLALCT 5§

TOLERANCE o —

Mesh Generation>Automesh>Repair Geometry

The Repair Geometry operations change your model.
Save the current model before you use the Repair
Geometry commands.
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Repair Geometry

Adding/Removing Geometry

Trimming Surfaces Very often, when you import geometriesintoMENTA T, SOMe
or al of the trimming curvesfor some surfaces are missing. Use
the Trim Surface command to place four trimming curves on
the edges of surfaces.

To trim surfaces;

1. Choose Mesh Generation>Automesh>Repair Geometry.
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2. Click TRIM SURFACES.

3. Enter asurfacelist.

Removing Free Curves  To remove curves not attached to any surface, choose Mesh
Generation>Automesh>Repair Geometry> Remove Free
Curves.

TR BURFACES

FFMDT FHEE CURAVER
s e et

Mesh Generation>Repair Geometry>Remove Free Curves
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Repair Geometry

Cleaning Loops

Use the commands in Clean Loops to set tolerance values and
clean loopsin 2-D and 3-D geometries.

open inner loop /
]

open outer

meshing area Q loop

closed inner
loop

<
D
(%)
=y
®
@
>
(1)
=
Q
=
o
=

closed outer

loop
Loops acceptable as input Loop not acceptable as input
geometry for meshers geometry for meshers
Cleaning 2-D Curve Use the Clean 2-D Curve Loops command to remove curves
Loops and close gaps in loops when the associated length is shorter

than the minimum tolerance that you prescribe.
To clean 2-D curve loops:

Choose Mesh Generation>Automesh>Repair Geometry.
Click miN. TOLERANCE and enter avalue.

Click CLEAN 2-D CURVE LOOPS.

A 0D P

Enter acurvelist.
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Repair Geometry

Cleaning Surface Use the Clean Surface L oops command to:
Loops
e remove trimming curves that are shorter than the minimum

tolerance and the parametric tolerance (in surface
parametric space) that you define.

e add trimming curves to connect points when the distance
between them is shorter than the maximum tolerance that

you define.
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To clean surface loops:

1. Choose one or more of the following options:

Click MmN TOLERANCE and specify a value.

Click mAx ToLERANCE and specify a value.

Click surr PARAM TOL and specify a value.

N

ClickcCLEAN SURFACE LOOPS.

w

Enter a surface list.

very small curves

A are removed so that
~ they do not affect

the mesh density

vertices are J \— curve may be added

merged to to close larger gap
close small gaps (for surfaces only)

Possible operations supported by the
Clean Loops features

116 Mentat 3.3-MARC K7.3: New Features



Repair Geometry

Modifying Curves

Splitting Curves Use the Split Curves command to split curvesinto multiple
curves at cusp points and to ensure that vertices are located only
at the end points.

cusp points (discontinuous slope)

>

cusp added vertex
A /\\

1. Choose Mesh Generation>Automesh>Repair Geometry.
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Single curve with cusp points
split into multiple curves.
Example shown here using

a polyline curve type

To split curves:

2. Click sSPLIT CURVES.

3. Enter acurvelist.
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Repair Geometry

Breaking Curves There are cases where two trimming surfaces may share a
common geometric curve but have different trimming curves.
To make al trimming curves compatible, use the Break Curves

command.
c
=
§ Pii Pi Pii  Pj
g \ \\ surface; surface;
Q
° O — I
- curves Pi;Pj,, compatible
8 lePjZ! P12PJ3 f’:lre
= not compatible Pi Pi,
curves
are
surface; surface; /] / compatible
Piz P Pis P
Before Break Operation After Break Operation

To break acurve:

Choose Mesh Generation>Automesh>Repair Geometry.
Click BREAK CURVES.

Enter a vertex tolerance.

A 0w E

Enter acurvelist.
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Repair Geometry

Checking Curve or
Surface Geometry

Checking Geometry

Use the Check Geometry commands to ¢l

information (See Command Reference—Chap. 3: Preprocess
Mesh Generatioywhen you specify alist of curves or surfaces.

To check geometry of curves or surfaces:

1. Choose Mesh Generation>Automesh>Repair Geometry.

2. ChooseCHECK CURVES OFCHEC

3. Enter acurveor surfacelist.

heck the topol ogy
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K SURFACES.

summary
information
generated by
the Check
Curves option.
Scroll down

to view the
full summary
in the dialogue
area.

] ] ]

I!l!lﬂ == | mmr
A o | e | e | e e v | w6 | e | s

slein o

When you choosethe cHECK CURVES option, you get a
summary in the dialogue area containing the following

information:

* minimum and maximum curve lengths

number of segments

number of intersecting segments

number of open and closed loops
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Repair Geometry

About Tolerance Value
for Curve Intersection

distance

greater —[

than
specified
tolerance

open loop

When you choosethecHECK SURFACES option, you get a
summary in the dialogue area containing the following
information:

e minimum and maximum trimming curve lengths

* number of segments

e number of open and closed loops

* number of outer and inner loops

e number of intersecting segments

* minimum length of shortest trimming curve

* maximum length of the longest trimming curve

When you set a tolerance value for curve intersection, the
program compares the specified tolerance and the distance
between the end points in adjoining segments.

If the distance between the end points is greater than the
specified tolerance, the program treats it as an open loop. If the
distance from one end point to more than one geometric entity
(i.e., end point, edge) is smaller than the specified tolerance, the
program treats the geometry as having intersecting loops.

distance
less than
specified

S

intersecting loops

120
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Repair Geometry

Checking for To use atolerance value to check for intersecting loops:
Intersecting Loops
Using a Tolerance 1. Click ToLeErRAaNCE in Check Geometry and enter avalue.
Value .
The default value is.0001.
<
[¢]
wn
>
CHECK, CLEVT S O
CHECKE. SURFNCES C3D
@—_— default value is .0001 D
QD
Mesh Generation>Automesh>Repair Geometry g
>

2. Chooseeither CHECK CURVES Of CHECK SURFACES.

3. Enter acurveor surfacelist.
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Curve Divisions

Curve Divisions

About Curve Divisions  You can specify three types of curve diviSONSINMENTAT:

» fixed number of divisions—the number of divisions along
the curve is fixed by the number of divisions that you
specify. All segments along the curve have equal length.

« fixed average length—each segment along the curve is set
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as close as possible to the value that you define as the
average length.
» curvature dependent—the length of each segment varies

with the curvature along the curve according to the

parameters that you specify. All segment lengths are within
the range prescribed inteN LENGTH andm A x

LENGTH fields.

FI=ED & DAISI0NE ————  default setting is
& DIV 30 Res ] FIXED # DIVISIONS

FI=ED Aot LEMGTH
AVGLENGTH i

CUHVATURE DEFENDEHT
MR LEHGTH n

Wi | EMGTH Il-E

TOLERARIE | (REL) 0.

Mesh Generation>Automesh>Curve Divisions

You can choose only one type of curve division
at atime.

122 Mentat 3.3-MARC K7.3: New Features



Curve Divisions

Applying Fixed
Divisions to a Curve

Applying Fixed
Average Length
Divisions

About Curvature-
Dependent Curve
Divisions

To apply afixed division to curves:

o > wDp

To apply afixed average length to acurve:

o > wDn

Choose Mesh Generation>Automesh>Curve Divisions.
Click FIXED # DIVISIONS.

Click # pivisioNns and enter avalue.

Click APPLY CURVE DIVISIONS.

Enter acurvelist.
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Choose Mesh Generation>A utomesh>Curve Divisions.

Click FIXED AVG. LENGTH.

Click Ave. LENGTH and enter avalue.
Click APPLY CURVE DIVISIONS.

Enter acurvelist.

Use curvature-dependent curve divisionsto produce curve
divisions that are consistent with curve shape.

Here are some benefits of using curvature-dependent divisions:

minimum number of divisions generated over straight
portions of the curve
more division edges generated over the high curvature

portion of the curve
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Curve Divisions

Parameters for To apply curvature-dependent divisionsto a curve, specify the
Curvature-Dependent following parameters:
Curve Divisions

* MIN. LENGTH: the minimum length of segments

generated by the curve division operation.
* MAX. LENGTH: the maximum length of segments
generated by the curve division operation.

¢ TOLERANCE: the maximum allowable deviation of

c
o
=
@®©
S
o
c
[
O
<
0
&)
=

straight division segments to the curve, given as an absolute
distance valuea(Bs), or a value which is relative to the

edge segment lengtR&L ).

Applying Curvature- To apply curvature-dependent curve divisions to a curve:
Dependent Divisions
to a Curve

Choose Mesh Generation>Automesh>Curve Divisions.
Click CURVATURE DEPENDENT.

ClickmIN LENGTH and enter a value.

ClickmAax LENGTH and enter a value.

ClicktoLErRANCE and enter a value.

2N T o

ChoosereL oraBs in the tolerance option (the default

value isrREL).

~

ClickAPPLY CURVE DIVISIONS.

8. Enter a curve list.

The tolerance options mentioned above work in the same
manner as the tolerance options described in Adaptive Plotting
(See “Tolerance and Modes of Tolerances” on page 52
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Curve Divisions

Applying Restrictions Use the Restriction menus to force even or odd divisions on
to Individual Curves individual curves or detected loops (See Mentat 3.1 Command
and Detected Loops Reference—Chapter 3, Preprocessing: Mesh Genepation
1. Choose Mesh Generation>Automesh>Curve Divisions.
2. Inthe Apply Restriction To area, choose individual curves
or detected |oops.

Choose FORCE EVEN DIV OF FORCE ODD DIV.

Click APPLY CURVE DIVISIONS.
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Enter acurvelist.

You can specify afixed number of divisions, N, for curve
divisions. If the number, N, conflicts with the restriction type,
the resulting division has one more division than the value of N.

When you apply the even/odd restriction on detected loops
within the given curves, the restriction is only enforced

on entire closed loops and individual curves may not
necessarily meet the criteria. This might cause problems
when you try to match divisions for corresponding curves
on surfaces.
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Curve Divisions

Matching Curves

When to Break or
Match Curves

Use the Match Curves command to ensure that the number of
mesh divisions of coincident curvesis equal. The curves are
matched based on a vertex tolerance that you specify.

N

before matching curves after matching curves

To match curves;

Choose Mesh Generation>A utomesh>Curve Divisions.
Click MATCH CURVE DIVISIONS.

Enter avaue for the vertex tolerance.

A wDpE

Enter acurvelist.

The Match Curves command changes the divisions on
certain curves where necessary and might disrupt the
odd/even restrictions that you had applied when you
created the curve divisions.

Usethe table to determine when to break (See “Breaking Curves”
on page 11Bor match curves:

then, use this

If... o
operation:

neighboring trimming curves are not Break
coincident over their entire lengths

you applied curve divisionsand there are Match
coincident neighboring curves with non-
conforming divisions

126
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Curve Divisions

Clearing Curve Use the Clear Curve Divisions command to remove previously-
Divisions applied curve divisions.

To clear curve divisions;

1. ChoosecLEAR CURVE DIVISIONS inCurveDivisions. %
wn
>
Q)
D
DHECE nuﬂrlu:q CHEDR CURVES remove previously-applied (3D
HATDN CURNE DPISIONS curve divisions 5
CLEAN CURYE DPASEORS g

>

Mesh Generation>Automesh>Curve Divisions

2. Enter acurvelist.

If you do not specify any divisionsfor alist of curves, they are
meshed with the following defaults:

» three divisions for closed curves

* one division for open curves

Input Geometry You should apply curve divisions to all curves prior to meshing.
Considerations for 2-D  Straight segments connecting the division points are used as
Planar and Surface boundary element edges.

Meshing

Mentat 2-D meshers generate meshes in the domain bounded by
loops of curves lying in a plane.

Surface meshers take trimmed surfaGzs (‘Trimming
Surfaces” on page 1)4s their input and generate meshes over
the surface area bounded by trimming curves.
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Curve Divisions

Guidelines for Using 2-  For 2-D meshers, you should enter alist of coplanar curves. The
D and Surface Meshers ~ mesh arealies within closed loops formed by the curves.

For surfaces meshers, you should enter alist of surfaces. The
mesh area on each surface lies between closed loops formed by
trimming curves attached to that surface.

Do not use 2-D planar meshers to generate meshes
over planar surfaces in analyses that are not 2-D.
Otherwise, the resulting mesh will not be attached
to the surface and will not adhere to any boundary
conditions for that surface.
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Guidelines for Inner You can use the 2-D and surface meshers for models that
and Outer Loops contain:

* closed inner and outer loops

e open inner loops

When you use both inner and outer loops, the mesh area lies
between them.

Checklist for the Before using the 2-D or surface meshers on your model, make
Advancing Front and sure that:
Delaunay Meshers

» there is at least one outer loop

» all open loops are contained within a closed loop
« all the curves have divisions applied to them

* no loops intersect
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Using the Advancing Front Mesher

Using the Advancing Front Mesher

About the Advancing Use the Advancing Front Meshersto automatically generate a

Front Meshers mesh of quadrilateral or triangular elementsin 2-D space or on
surfaces. You can apply the following types of advancing front
meshers on your model:

* Quad Mesh—meshes the specified list of curves or surfg

with quadrilateral elements.
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* Tri Mesh—meshes the specified list of curves or surface
with triangular elements.
* Quad/Tri Mesh—meshes the specified list of curves or

surfaces with a combination of quadrilateral and triangul

elements.
|1 I—
S .
L1 ]
mesh applied ————fmee=
using default - i
distortion
parameter (0.9) ‘B I
- | . .
] - - \ | -—
A —
\____ grid setto
ON mode
Advancing Front Quad/Tri Mesh applied to a 2-D planar model
Special Before you apply the quad mesher, you should ensure that all
Considerations for closed loops contain an even number of divisions. If these
Quad Meshing conditions are not met, you may find triangular elements in the

mesh or the mesher might fail.
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Using the Advancing Front Mesher

About Distortion
Parameters in Quad/Tri
Meshing

Considerations for
Specifying Distortion
Parameters

When you use the Quad/Tri Mesher, you should specify the
maximum allowable distortion of the quadrilateral elementsin
the mesh using the Max. Quad. Distortion parameter. A
distortion parameter is a measure of how closely an element
resembles its parent element which, for aquad element, isa
rectangle. The value of a distortion parameter may range from
0.0 (perfect rectangle) to 1.0 (collapsed or obtuse).

When you mesh your model with the Quad/Tri mesher, the
preferred elements are quadrilateral and no element is allowed
to have a distortion parameter greater than the prescribed value
of the Max. Quad. Distortion parameter.

If you set the value of the parameter to 1.0 (full quad distortion)
and all the closed loops have an even number of boundary
divisions, then the resulting mesh is an all-quad mesh. If you set
the value to 0.0 (no quad distortion), the resulting mesh isan
all-tri mesh.

Although the value of the Max. Quad. Distortion parameter
ranges from 0.0 to 1.0, you may want to specify avaluethat is
greater than 0.5. The higher the value of the distortion
parameter, the more quads that make up the final mesh. The
mesher always tries to place quad elements first.

If you enter avery low value of the distortion parameter (i.e., a
value closer to 0.0), it slows down the mesher considerably
while generating a predominantly tri-mesh.

You might discover that in most cases, the more practical values
for the distortion parameter liein the 0.9-1.0 range. In that
range, the mesh is a predominantly-quad mesh.

130
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Specifying Distortion To specify avalue for the distortion parameter:

Parameters
1. Choose2b PLANAR MESHING Of SURFACE

MESHING.
2. Click MmAX. QUAD DISTORTION and enter avalue. %
»
>
®
(0]
S
A CILAL fu_-l |  enter avalue @
DESTHETHIN between 0.0 and 1.0 )

2
QUAINTRI MESH! | g

Mesh Generation>Automesh>2D Planar Meshing or
Mesh Generation>Automesh>Surface Meshing
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Applying the To apply the Advancing Front Quad or Quad/Tri Mesh for 2-D
Advancing Front planar or surface meshing:
Meshers

1. Choose either REPAIR GEOMETRY Of CURVE
DIVISIONS or both to prepare the model for meshing (See
“Checklist for the Advancing Front and Delaunay Meshers” on
page 123.

2. Choose either 2D PLANAR MESHING Of SURFACE

MESHING.
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3. Specify adistortion parameter or use the default value (for
quad/tri meshing).
4. Choose amesher (i.e.,, Quad Mesh).

Enter alist of curves or surfaces.

Advancing Front Quad mesh for 2-D planar model
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Using the Delaunay Mesher

About the Delaunay

Mesher

Features of the
Delaunay mesher

Use the Delaunay mesher to automatically generate triangular
element meshesin 2-D space or on surfaces.
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Delaunay surface tri mesh applied to a simple surface model

A mesh generated by the Delaunay mesher contains the

following attributes:

» shape—the triangles in the mesh tend to be equilateral.

* size—in critical areas, the density of mesh could be high; in

non-critical areas, the density could be low which saves

computing time.

» transition—the density of mesh changes gradually resulting

in a smooth transition.

If the variation of stress is very high at a certain area, you can
increase the density of mesh for that area. For areas that are flat
and the variation of physical properties is not very high, you can
generate a mesh that is less refined.
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Using the Delaunay Mesher

Applying the Delaunay  To apply the Delaunay mesher to your model:
Mesher
1. Choose either REPAIR GEOMETRY Of CURVE

DIVISIONS or both to prepare the model for meshing (See
“Checklist for the Advancing Front and Delaunay Meshers” on
page 123.

2. Clickon2p PLANAR MESHING Of SURFACE

MESHING.
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3. Clickoneither TRI MESH (2-D) or SURFACE TRI
MESH (3-D).

4. Enter acurve or surfacelist.

Additional Information Use the following table to find more information:

For... FEfEr 1 in...
Chapter(s)...

Definitionsof 3—-Preprocessing: Mentat 3.1
individual Mesh Generation Command
buttons Reference
atutoria on 16—Automatic Mentat User
how to apply Meshing Guide
the
Advancing
Front or
Delaunay
meshers
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Expanding Elements Along a Curve

About Expanding You can expand a one-dimensional mesh into a two-

Elements Along a dimensional mesh by projecting the original mesh in the

Curve in Mentat 3.3 direction of the curve. You can also expand a two-dimensional
mesh into a three-dimensional mesh by using the orientation of
the curve.

To view the Expand menu, choose M esh Generation>Expand.

<
D
(%)
=y
®
@
>
(1)
=
Q
=
o
=

SBCOME FACTORT

é

TRANSLATIONR
set the
number of
times that ]
the elements
expand BVE
|GESET
ELEWENTS |
| BSOS | CURVES
|ELEMEMTE ALONGOIVE  —— select a curve
to expand
= elements along
[]

Mesh Generation>Expand
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Prerequisites for Before you use the Expand Elements Along a Curve feature,
Expanding Elements you should have already created a curve and afinite el ement
Along a Curve mesh.
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Usethe REPETITIONS command to set the number
of times that the elements are expanded. However,
use this command with caution as it is easy to

create a mesh which penetrates itself.
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Creating a New Mesh To create a new mesh using the Expand Elements Along a
Using Expand Curve feature:

Elements Along a

Curve 1. Choose Mesh Generation>Expand.

2. Click RePETITIONS and enter the number of repetitions

to create.

3. ClickeLEMENTS ALONG CURVE and select thecurveto

use and the elements to expand.
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elements
expanded
along a
designated
curve

-r

If you picked the REMOVE mode, the original
elements are deleted.
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Creating a Node or Point at Midpoint

Creating a Node or Point at Midpoint

Creating a Node at To create a new node at midpoint between two locations:
Midpoint
1. Click MESH GENERATION.

2. ClickBETWEEN NODES.

Mesh Generation

3. Enter the first and the second point coordinates to specify

the two locations.

Creating a New Point To create a new point between two locations:

1. Click MESH GENERATION.
2. ClickBETWEEN POINTS.
3. Enter the first and the second point coordinates to specify

the two locations.
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Performing Contact Analyses

Components of a
Contact Analysis

The contact analysis process has the following components:

define different contact bodies—bodies can be conventid
deformable bodies made up of finite elements or rigid
bodies made up of either curves for 2-D, or surfaces for

analyses%ee “Choosing a Contact Body Type” on page)143

determine the contact tolerances—establish how close t
body needs to be with another body to conclude that the
contact between the two bodie&é “About Contact

Tolerances” on page 163

define where the contact potentially occurs—by default, the
system assumes that any point on the outside surface of a

body can contact any other body. While this makes it easier
to define contact, it might lead to higher computational

costs §ee “About Contact Areas” on page 156

prescribe different contact procedures in MARC—how the
numerical algorithms are implemented in the analygs (

“About Contact Control in Jobs” on page 151

prescribe separation procedures—how a body separates
from another bodySee “About Separation Procedures” on

page 163.
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Performing Contact Analyses

About Physical Bodies

About Contact Bodies

» specify the type of friction—which type of friction model to
use; assign the coefficients of friction between the surfaces
of the two different bodiessge “About Friction Models” on

page 166.

» assign the parameters for coupled analysis—evaluate the
thermal interactions between two adjacent bodies (

“Coupled Analysis Considerations” on page )52

When you are defining physical bodies, you can specify one or
more of the following conditions:

* one of the bodies is deformable
* multiple bodies are deformable
« one deformable body is in self-contact

* multiple bodies are rigid

You should define at least one deformable body
in the analysis.

INnMENTAT, there are four different types of contact bodies:

» Deformable

* Rigid—the body is either moving in space or is a special
type of rigid body.

* Symmetry—special type of rigid body which is a symmetry
line or a symmetry surface.

* Rigid with Heat Transfer—a body made up of finite
elements and is not deformable; used only in coupled

thermal stress analysis. This is a region comprising of

142
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elements that do not distort but are used in heat transfer
analysis so that you can model thermal behavior in a

particular region

Choosing a Contact To choose a contact body type:
Body Type
1. ClickcoNnTAcT inMain Menu.

2. ClickcoNnTACT BODIES in Contact.

Contact>Contact Bodies

3. Choose a contact body type.
4. Define which elements, curves, or surfaces are part of the

contact body.

To add elements, curves, or surfacesrefer to the following table:

If you choose, body type... then use...
deformable or rigid with heat ELEMENTS
transfer
rigid or symmetry e CURVES (2-D)

* SURFACES (3-D)
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Performing Contact Analyses

About I.D.Contact and
|.D. Backfaces

Usetheip coNTAcT andiD BACKFACES buttonsin
Contact Bodies to turn on the identification of contact bodies
and backface polygons respectively InMENTAT.

L conracy g s nackraces

Usethei.p. conTAcT featureto identify all the deformable
and therigid bodies.

Usethel.p. BACK FACES feature to indicate the direction or
the orientation of therigid surface.

For rigid bodies, define the inside and outside surface. For 2-D
analyses, theinterior side (inside) is formed by the right-hand
rule when moving along the body.

NN 1

interior side
for 2-D analyses

Inside

For 3-D analyses, the interior side is formed by the right-hand
rule along a patch. This surface, colored pink InMENTAT, IS
the front surface. Engineering hatch marks indicate the solid
regions for rigid surfacesin 2-D while color codes are used in
3-D. Color codes are also used to identify the back surfaces of
the body. A body is able to come into contact with the brown
side of a 3-D rigid surface.

1 interior side
for 3-D analyses

Inside

144
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About Flip Elements,
Curves, and Surfaces

Finite Element Mesh
for a Deformable Body

Analysis Parameters
for Deformable Bodies

If the surfaces on the contact bodies are not in the correct
orientation, then, during the analysis procedure, a deformable
body will penetrate arigid surface.

UsetherLiP cuURVES (2-D) or FLIP SURFACES (3-D)
buttons in Contact Bodies to correct the orientation of the
contact bodies.

You can generate the finite element mesh for a deformable body
using the mesh generation optionsin the Main Menu in
MENTAT.

deformable
body

The analysis parameters for deformable bodies are grouped
under the following categories:

» Friction

» Description

» Heat Transfer Data for Coupled Analyses

Use therrICTION COEFFICIENT option in Friction to
associate a friction coefficient with a deformable body. You
define the friction model in theos s option in Main Menu.

Use the Description field to prescribe how the surface of the
deformable body is represented in your contact analysis.
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For a heat transfer or coupled analysis, use the option in Heat
Transfer Data for Coupled Analyses to prescribe the heat
transfer parameters of the body.

About Discrete and When you choose b1 scRETE asthe description option for a
Analytical deformable body, thisis how the discrete representations work
Descriptions for 2-D and 3-D situations:
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» 2-D—the exterior edges of the deformable body represent
the body. If another deformable body contacts this
deformable body, the program bases the contact on those

discrete representations.

/

exterior edge in 2-D

» 3-D—the exterior faces of the finite element mesh represent
the body.

exterior face in 3-D
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When you choose ANAL Y TICAL asyour description option
for adeformable body, hereis how the analytical representation
works on the exterior of the body:

* 2-D—vputs a spline through the nodes on the exterior.

» 3-D—puts Coons patches through the nodes on the extg

representation
based on
Coons surface

Use the Analytical description option for analysis of smooth
bodies where you wish to improve the accuracy of the solution.
The analytical solution does not add significant computational
cost to your analysis.

About the Analytical If you are using the Analytical description option and the
Desc. Discontinuity deformable body has a real edge or node, you should activate
Option the ANALYTICAL DESC. DISCONTINUITY option to

define that edge.

I

TheANALYTICAL DESC. DISCONTINUITY option is
activated whenever you choose analytical description for a
deformable body. Use this option to prevent the system from
fitting a spline or a Coons patch through a particular region.

For 2-D meshes, specify the nodes at which discontinuities
occur.
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specify nodes A, B, C, D

LT 1T 1
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For 3-D meshes, specify the edges at which discontinuities
occur.

specify edges
indicated by
bold lines

About Rigid Bodies Rigid bodies are a representation of reality because bodies are
and Their never absolutely rigid. But some bodies are substantially stiffer
Representation than other bodies and we can model them asrigid bodies.

A rigid body is represented by curves (2-D) and surfaces (3-D).

You can generate the finite element mesh for arigid body using
the mesh generation options (See “Mesh Generation” on
page 109 intheManMenuinMENTAT.

You can:

» define as many regions as necessary by constructing curves
(2-D) and surfaces (3-D).

* read in geometry from a CAD system where you have
already defined the curves and surfa@s (‘Import-Export

Utility” on page 42).
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Motion Control of
Rigid Bodies

About the Centroid
and Rotation Axis
Options

Use the following options to control the motion of arigid body:

» velocity
e position

» force on the rigid surface (i.e., load)

To choose a motion control option for a rigid body:

1. Choose Contact>Contact Bodies.

2. Clickricip in Contact Body Type.

PEEITHIN = PrnsEETERS
1OAD =

Contact>Contact Bodies>Rigid

3. Choose a body control option.

To control the motion of a rigid body, you associate a point and
an axis with the rigid body using teeenTrROI1D and
ROTATION AXISs options in Rigid Body.

| | | |
.H—Ill

|
— : e

Contact>Contact Bodies>Rigid

For 2-D analyses, you prescribe the x and y positions of the
centroid. For 3-D analyses, you prescribe the x, y, z, and the
rotational axis information.
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About Velocity as Very often, therigid surfaceisnot in initial contact with the
Rigid Body Motion deformable surfaces, and you may not be exactly sure when or
Control where the rigid surfaces first touch. To account for this, use the

INITIAL VELOCITY optionin Rigid Body to prescribe an
initial velocity of the body such that it will have rigid body
motion until it just comes into contact.
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enter rotation in cycles per unit time
about the rotation axis

Contact>Contact Bodies>Rigid

When you choose velocity as your rigid body motion control
option, you can prescribe the velocity to be a function of time.

S
b

Tsmie o
oaESN

T

%
]

enter rotation in cycles per unit time reference your

: : currently-defined
about the rotation axis tables here

Contact>Contact Bodies>Rigid

If the velocity varies with time, you could construct atable that
iIsafunction of time and then reference the table. All the
different components of velocity (X, y, z, and rotational) can
have their own unique functions of time.
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About Position as When you choose the position as rigid body motion control, use
Rigid Body Motion therosiTIoN optionin Rigid Body to describe the position
Control (x,y, and z and rotational) of the reference point as afunction of
time.
[
Emrr TR JsaiE
N N T

reference your
rotation in fraction of a cycle currently-defined
about the rotation axis tables here

Contact>Contact Bodies>Rigid

About Load as Rigid To specify load as control for arigid body, you should associate

Body Motion Control an additional node with the rigid body. Using three different
menus, you should specify the following three attributes for that
additional node:

Attribute Descrintion Use the
No.... P menu(s)...
1 position of the node Mesh
Generation
2 point load to prescribe that Boundary
theforceisafunction of time Conditions>
and gets transferred to the Mechanical>
rigid surface. If theforceis Point Load

not uniform, you can create a
table that describes the force
as afunction of time

3 node number associated with Contact
therigid surface Bodies>
Control Node
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Performing Contact Analyses

Analytical and Discrete
Description of Rigid
Bodies

Coupled Analysis
Considerations

After you have defined the motion control parameters of the
rigid body, you prescribe how the rigid surface is model ed
numerically.

InMENTAT, al surfaces are represented as NURB curves or
NURB surfaces. For your contact analysis, you can decide
whether to use the analytical (NURB) description of the rigid
body or adiscrete description of body. The default setting isthe
analytical description.

The analytical description is more accurate but resultsin higher
computation cost per iteration. But in many problems, you
might require fewer iterations when you use the analytical
procedure.

When you use rigid surfaces in a coupled analysis, therigid
surfaceistreated as a heat source or aheat sink. Therigid body
is considered to be afixed body of infinite mass so that the
temperature does not change in it.

To set the parametersfor heat transfer in a coupled analysis, use
the Heat Transfer Datafor Coupled Analysisareain Rigid
Body.

To enter specific parameters for heat transfer in a coupled
analysis, refer to the following table:

To prescribe... Use the button,...
the sink temperature of therigid ENVIRONMENT
body SINK

TEMPERATURE
how much of the temperature CONTACT HEAT
differential isgoingtoresultina TRANSFER
flux COEFF.

152

Mentat 3.3-MARC K7.3: New Features



Performing Contact Analyses

About Symmetry
Bodies and Surfaces

Special Assumptions
for Symmetry Bodies

About Rigid w/Heat
Transfer Bodies

Symmetry bodies are a subset of rigid bodies which have a
unique behavior. Use symmetry surfaces when you have a body
with a plane of symmetry associated with it.

In most cases, symmetry bodies are flat surfaces with a given
orientation. You can model a given symmetry surface using
either the analytical or discrete surface type. Symmetry surfaces
are usually flat patches and you can use the analytical or
discrete surface with little variance in results.

When you use a symmetry body, you make the following
assumptions:

* the deformable body is in contact with the symmetry bog
from the beginning to the end of analysis. This assumptiG
is necessary to maintain that there are no cracks or holes
generated during the analysis.

» the symmetry bodies are frictionless.

» there is no flux across a symmetry surface during a heat
transfer analysis (you don’t need to provide any thermal
information associated with a symmetry line or a symmetry

plane.).

The analysis considerations for rigid bodies with heat transfer
are very similar to considerations for a rigid bo8g¢g “About
Rigid Bodies and Their Representation” on page)148

For the motion control of arigid body with heat transfer, you
can prescribe the velocity or position only. You cannot prescribe
aload (force) to the region.
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Performing Contact Analyses

About Contact Tables

Table Properties of a
Contact Table

Use the Contact Tablesoptionsin M ENTAT to determine the
location of potential contact. By identifying anew contact table,
you can indicate which body is potentially going to contact
another body.

[T |
lcopy | peey | mesr | Epir

TAILL MMCITATIS _d  enter table properties here

Contact>Contact Tables

The Contact Table option is avery flexible way to enter
complex contact conditions. You can use contact tables to
specify that two bodies have particular attributes that are not
shared with other pairs of contact bodies. These attributes
include:

* contact distance

* separation force

» friction coefficient

* interface closure distance

TheTtaBLE PROPERTIES feature in Contact Tables is a
flexible way to specify individual contact relationships between
bodies.

Use the contact tables in your analysis to determine areas of

potential contact which can help you reduce your computational

costs. You can specify any of the following conditions:

* every body potentially touches every other body.

* every body touches every other body but does not touch
itself.

* abody touches selected other bodies.

e abody is glued to another (or other) body (or bodies).

154
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EXAMPLE

You might have a sheet forming problem where the default settings prescribe
that every node in the sheet can contact some other region in the sheet. As
long as the sheet does not fold or wrinkle unto itself, it is computationally
effective to indicate that the sheet will not contact itself.

About Touching The default setting in the Contact Tables menu isthat the bodies

Bodies do not touch one another. If you want all the bodies to contact
and touch each other in your analysis, choose ToucH ALL in
the Table Properties window.

EXAMPLE

You might have a situation where deformable bodies are in contact with a
square with one or more rigid surfaces. You can prescribe different

coefficients (14, Ko, K3, l.l4) of friction for each side of a square with
therigid surface.

U4—\

- M1
H3 ——

LIlz

Using contact tables, you:

» select the different touching bodies.
» specify the friction coefficient between the two touching

bodies.
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About Contact Areas UsethecoNTACT AREAS optionin Contact to indicate
contact regionsin a contact analysis. The default setting enables
all nodes on the exterior surfaces to touch other bodies. This
might lead to a modest increase in computational costs. To
reduce the computational cost, select only the nodes that might
contact another body.
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© Pt — choose a body from the list of
currently-defined bodies
RESET |
el seffa—

choose nodes in the body that
potentially touch other regions

Contact>Contact Areas

Using the options in Contact Areas, you can select:

* adeformable body.
* which nodes to associate with this deformable body that

may touch other regions

You can prescribe that a node never come into contact

in an analysis. However, that node could later penetrate
another deformable or rigid body. Since there is no
checking mechanism for such a situation, use this feature
with caution.
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About Exclude Whereas the Contact Areas options enable you to exclude nodes
Segments in a contacting body, the Exclude Segments options lets you
exclude certain segments of the contacted body.

HEW | REW

HAKE
= |H’|E'I' HEXT | EOIT

L b T — choose a body from the list of
ADD lﬁl._ currently-defined contact bodies
A I FEM Il

REGET |

Contact>Exclude Segments

Use the Exclude Segments optionsin situationswhere anodein
abody makes contact at exactly the intersection of two
segments or faces and you want the node to slide along one of
the segments only.

exclude

these segments

exclude /

these segments N4

To exclude segments in a contacting body:

1. ClickcoNnTAcT inMain Menu.

2. ClickEXCLUDE SEGMENTS.

3. ClickconTACT BODY and choose abody from thelist of
currently-defined contact bodies.

4. Choose the edges (2-D) or faces (3-D) to exclude.
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Specifying Contact Information in Loadcases

About Contact Use the Loadcase option to apply the contact information from

Information and your contact tables, contact areas, and exclude segmentsto your

Loadcases in Analysis  analysis. You can apply the contact information to loadcase
types for the following loadcase classes:

Mechanical (for Static, Creep, Dynamic Transient, and
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Rigid Plastic classes)

Coupled
Fluid-Solid
Fluid-Thermal-Solid

Using Contact To apply contact information to a loadcase:
Information in

Loadcase Types Choose Loadcase>Loadcase Class.
Choose a loadcase class (e.g., Mechanical).

1
2
3. Choose a loadcase type (e.g., Static).
4

ChooseoNTACT.
contecTaamE
oesm 000000 |
1= | i.r-:-.l'_
A Top I
d ue
J
Fi
I K.
|
a
d
arpmoncy | swownomey —| ke - e |
ol

Loadcase>(Loadcase Class)>Contact
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Specifying Contact Information in Loadcases

About Contact Body
Release

Using Contact Body
Releases

Preventing Separated
Nodes from
Contacting Again

5. Choose from the list of contact tables and areas that you
defined.

In a loadcase, you can have only one contact table
active; you can also activate multiple contact areas.

It is often useful to release nodes which are in contact with
another body. A typical example would be when therigid dies
in a sheet forming process are removed from the sheet. When
this occurs, the forces that were on a deformable body must be
eliminated because the surface is now free. Thisresultsin a
distribution of stress (in sheet forming, it resultsin spring back).
It may also lead to a poor convergence if the forces are all
removed at once. You can prevent this by removing the forces
gradually usingthecrRApuAL option in the Contact menu.

To release nodes that are in contact with another body:

1. Inthe Contact menu, select the body from which the nodes
are to be separated.

2. Chooseatype of release, IMMEDIATE Of GRADUAL .

After anode separates from a body, it may re-contact the same
body. You can prevent this by using the Contact Table option to
specify that the nodes cannot contact the body that they have
been separated from. As an alternative approach, you can
prescribe a time-dependent velocity or position to the surface
such that it moves away from the nodes that have been
separated from it.
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Soecifying Contact Information in Loadcases

About Synchronized
Approach as a Body
Approach Parameter

It is often useful to bring new surfaces into contact at the
beginning of an increment. Rigid surfaces which are not
currently in contact are moved with a prescribed velocity such
that contact occurs. You can control this movement of rigid
surfacesin the Body Approach Parameters window in
MENTAT.

CONTAET
TemmiosecnseTime
aFF = 0N ﬂ

Loadcase>Loadcase Type>Body Approach

When you set synchronized approach to oFF, as soon as one
rigid body makes contact, the other rigid bodies are stopped and
the increment begins.

When you set the synchronized approach to on, therigid
bodies with non-zero velocities that are not in contact are
moved such that they all come into contact with a deformable
body.

160
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Foecifying Contact Information in Jobs

Specifying Contact Information in Jobs

About Contact Control ~ You can apply contact control parameters to your job for the
in Jobs following analysis classes:

* Mechanical

* Rigid Plastic

* Coupled

* Coupled Rigid Plastic

* Fluid-Thermal-Solid

To display your contact control options:

1. Choose Jobs>(Analysis Class).

oo |
i |
RHALYEES OFTIONE 1| P ]
Jl REEULTE 30 =
1-DEAS RESWLTA i ArEEHHETRIC =~

HITLAL LOs %
_ JOE FRRAMETERE FLAKE STRESE
click here —— 1 i TALT CONTROL - ﬁ
for contact BOIL COHTHOL
control options RESET | i |‘|

Jobs>(Analysis Class)

2. ClickcoNTACT CONTROL.
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Soecifying Contact Information in Jobs

About User
Subroutines

Use the User Subroutine options in Contact Control to
determine which user subroutines to activate in your contact
analysis.

HOTioH o serwen o o woowsag] A mitcos J uwrcon

Jobs>(Analysis Class)>Contact Control

You can use one or more of the following user subroutinesin
your contact analysis:

M O T1oN—prescribe either the velocity of the rigid
surfaces or the position of the rigid surfaces.

SePFoR— gpecify the force required for separation.
SEPSTR—prescribe the stress required for separation.
UCONTACT—prescribe your own contact procedure.
UFRIC (an alternative to specifying the coefficient of
friction)—use in problems where friction coefficient is a
function of the pressures between the bodies or if the
friction coefficient was a function of the surface roughness
and varied over the deformable region.

UH T coEe—prescribe the heat transfer coefficient between
the deformable body and the environment and the
temperature of the environment.

UHTcoN—specify, in coupled analyses, the thermal

coefficient between two bodies that are in contact.
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Foecifying Contact Information in Jobs

About Contact During the contact process, it is unlikely that a node exactly

Tolerances contacts the surface. So a contact tolerance is associated with
each surface (See also Vol. A: Chapter 8—Contadise the
contact tolerance options in Contact Control to specify the
tolerance for the two bodies to contact each other.

Immm I I
| B TANCE TOLERRHCE Biag____ I

Jobs>(Analysis Class)>Contact Control

When you leave the default value of thepi1 sTANCE
ToLERANCE field as zero, the program cal cul ates the distance
tolerance based on, either:

* the smallest element in the analysis, or

* the thickness of shell elements or beam elements

You can also specify a distance tolerance bias value to indicate
that the tolerance is different on the backsurface of the body.

S
—

(1 + Bias) X tolerance — -

e

—

—_—
—_—
—
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Soecifying Contact Information in Jobs

About Increment
Splitting

Use the increment splitting options in Contact Control to
specify the procedure when a node of one body penetrates
another body.

|H.LD'I'EI} = SUPPHESSED = ITERNTIVE =

Jobs>(Analysis Class)>Contact Control

You can use one of the following increment splitting

procedures:

* Allowed—the increment is split into, at least, two parts. In
the first part of the increment, no contact occurs. In the
second part, the node is in contact with the rigid body or
another deformable body. Use this procedure with the Fixed
Time-Step procedure.

» Suppressed—when the node penetrates the surface, the
penetration is ignored during that increment. In the
following increment, the node is brought back on to the
rigid or deformable surface.

« lterative—satisfies the contact condition simultaneously
with the Newton-Raphson iteration procedure. Use the

Iterative procedure with the Fixed Time-Step procedure.

Of all the increment splitting procedures, the Suppressed option
Is the least expensive but the least accurate. The Allowed option
is moderately expensive and relatively more accurate.

When you use the iterative procedures, less iterations are
required for the analysis. However, if you use complex
NURBS, each iteration may be more computationally costly.
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Foecifying Contact Information in Jobs

About Deformable-
Deformable Contact
Control

About Separation
Procedures

The default setting in the Deformable-Deformable option is
such that when you use single-sided contact, a node on the
lowered-numbered body is checked for contact with the
segments on the higher-numbered body.

The body with the higher 1.D. and the body with the lower |.D.
are termed master body and slave body respectively. If you
choosesiINGL E-SIDED, then thereis contact between the
master body and the slave body. The Single-Sided option can
often reduce your computational cost.

Separation of anodewith abody inm ARc isbased upon either
of the following procedures:

* nodal forces

* nodal stress

To use thsEPARATION FORCE button based on forces or on
stresses, refer to the following table:

If you choose a separation | then, usethe SEPARATION
procedure based on... FORCE button to enter the...
forces force at which two bodies
separate.
stresses stress at which separation
occurs.

In theory, separation occurs when there is a positive tensile
force. However, from a numerical perspective, you may wish to
prescribe a large separation force. If you give too small a
separation force, you might be faced with a higher

computational cost because the nodes separate, return to contact
and separate again.
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Soecifying Contact Information in Jobs

About Max #
Separations/Inc.

About Separation
Increment

About Friction Models

The default value for the maximum number of separations per
incrementis 9,999. Thismeansthat every time the system finds
anode which separates within an increment, it will recycle that
increment. This parameter limits the number of times that this
will occur. You can reduce computing costs by using this
feature.

The default setting for the Separation Increment option is
CURRENT . When separation occurs, the program separates the
bodies within the increment.

You can usethe NE X T button to ignore the separation and only
perform the separation at the beginning of the next increment.
Thisis an analogous to suppressing increment splitting.

You might have decreased computational costswiththeNEx T
option, but it might lower the accuracy of your solution.

In the Contact Bodies menus (See “Choosing a Contact Body
Type” on page 145 you prescribed the coefficient of friction
between contacting bodies. In the Friction option in Contact
Control, you prescribe which friction model to use.

HONRE STICE. - FLIP =
BHEAR — COULORE -

SHEAR FOR ROLUING = COULORA FOR ROULINT |
]

Jobs>(Analysis Class)>Contact Control
You can choose the following friction models:

» Shear—the friction stress is based upon the coefficient of
friction and the equivalent von Mises stress in the material.
» Shear for Rolling—similar to Shear but modified for

rolling.
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Soecifying Contact I nformation in Jobs

* Coulomb—the friction stress is based upon the coefficie

of friction and the normal stress at the surface.

e Coulomb for Rolling
o Stick-Slip

If you specify any of the friction models other than the Stick
Slip model, you have to specify the relative sliding velocity.

You also choose which of the following methods to use:

* Nodal Stress

* Nodal Force

EXCEPTIONS:

Refer to the following table for exceptions:

For...

the program uses this
method...

Shear or Shear for Rolling

Nodal Stress

models
Shell elements Nodal Force
Stick-Slip model Nodal Force
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Soecifying Contact Information in Jobs

Coulomb for Rolling in
Nodal Stresses and
Nodal Forces

About Stick-slip

When you use the Coulomb or Coulomb for Rolling option,
then your choice of the Nodal Stress or Nodal Force method
actually makes a difference as shown in the following table:

If you choose
the method... then the program calculates...
Nodal astress normal to the surface at the node
Stress and the frictional stressis proportional to
that normal stress and the coefficient of
friction.
Nodal thereaction forces of the nodewhichisin
Force contact and uses the coefficient of friction
and that reaction force to obtain a
frictional force.

Contacting bodies never purely stick; thereis aways some dlip
associated with them. The relative dliding velocity (See “About
Friction Models” on page 16pindicates the velocity at which
they beginto dip.

GL TO GTICKE THARE. REGHS [ 70
FRECTION COPFF. MULTIPLIER LB

FRECTION FOROE TOLERAMCE IO.H

Jobs>(Analysis Class)>Contact Control

Using the Stick-Slip friction model, three parameters (o,
B, and €) are available to control the numerical behavior.
arepresents a tolerance on the frictional force before

dliding occurs. The node changes from stick to slip when

|Ft| >apF,

B represents the amount of relative displacement needed
to create dlipping conditions. e is atolerance on the
convergence of the solution. The constitutive
relationship is given by:
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Soecifying Contact I nformation in Jobs

Ft
l-e<—<1l+e
F”

where F,” isthetangential force at the previousiteration.

| | | |
c
LSL. c ZB
S L — ~-t—
2€B

o = 1.05 (default; can be user-defined)
B =1 x 10°° (default; can be user-defined) — e — =
£ =1 x 10 (fixed; so that £ = 0)

e=5x102 (default; can be user-defined)

The Stick-dlip option enables you to completely model a
sticking option. Use the option to prescribe the following
parameters for contact bodies:

» Slip-to-Stick to Transition Region

* Friction Coefficient Multiplier

* Friction Coefficient Tolerance
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Additional Information Use the following table to find more information:

For... refer to in...
Chapter/s...
background 8: Contact Vol. A
information and
theoretical
‘g discussion
% description of 3:Model Definition Vol. C
&) input Option
description of 2: User-Defined Vol. D
user subroutines, Loading, Boundary
such as: Conditions, and Sate
MOTION (2D) Variables Subroutines
MOTION (3D)
demonstration 8: Contact Vol. E
problems
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Design Sensitivity and Optimization

Design Sensitivity and Optimization

About Design
Sensitivity and
Optimization

Components of Design
Optimization

The relevant concepts relating to design optimization are:

The three components of design optimization that you can
apply to design sensitivity and optimization jobsiBNTAT

Analysis—evaluating the values of response quantities &
the objective function based on a given set of design
variable values.

Sensitivity—evaluating the tendency of response quantit

to change with respect to the design variables.

uoneziwndo pue AlAnisuas ubisaQ

are:

Design Objective—either a direct or an indirect function of
design variables; currently, the design objective can be to
minimize the material mass, the volume, or the cost of a

structural design.

Design Variables—quantifiable, variable parameters of
design. The design variable is associated with a physical
guantity of design that you can specify (e.g., shell thickness,
Young’'s modulus, material density, or composite ply

angles).

Design Constraints—direct or indirect limitations on design
variables or response quantities. The constraints are used to

place bounds on design variables or impose limits on the
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Design Sensitivity and Optimization

When to Apply Design
Optimization

Where You Can Apply
Design Optimization

response. For example, you would constrain the response
such that aresultant stress (or deflection) islessthan a

certain value.

INnMENTAT, the specification of design constraints and design
variables isindependent of the types of jobs. So, for example,
you could specify several design variables or constraints and
use only some of them in one job and others, including some of
the previous ones, in another job.

Use the Design Optimization feature to:

» achieve a good approximation of the final design

» gauge the direction of the final design

Use the Design Optimization feature in structures that involve:

e static loads

* linear behavior

« multiple loadcases

* multiple constraints on stress, strain, and eigenfrequency

response

174
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Application of Design The process of applying design variables and design constraints
Variables and Design to jobs is shown in the following flow diagram:
Constraints to Jobs

Set design variables and constraints

STAGE 1

Choose an analysis class (e.g., mechanical) for a job

STAGE 2

y

Choose either design sensitivity or optimization
as your analysis requirement

STAGE 3

O
®
@
Q
=
2]
®
S
n
=3
<
=.
<
N
S
o
O
°
=2
3.
N
2
o
=

* choose design variables Choose:
from the variables defined * design objective
in stage 1
o ) * design variables from the
* indicate the maximum variables defined in Stage 1
number of constraints for _ _
which sensitivity analysis *an active set size

should be done. . )

* no. of optimization cycles

* indicate whether the
constraints should be
sorted in order of
criticalness

DESIGN DESIGN
SENSITIVITY OPTIMIZATION
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Application of Design The process of applying design constraints to related loadcases
Constraints to Related is shown in the following flow diagram:
Loadcases

Set design constraints

c

o

e

N

S

=

o

O STAGE 1

©

C

= Y
= Choose a loadcase class (e.g., mechanical)
e

>

= STAGE 2

n

c

@ A/
n Choose static loadcase type
c

2

0 STAGE 3

)

O

y

Apply the design constraints that you set in stage 1
to the static loadcase parameters

STAGE 4
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Design Variables

Design Variables

Types of Design
Variables

Linking and Unlinking
Design Variables

You can use the following types of design variablesin
MENTAT:

* material

e composite

e geometry

To pick a design variable type, choa@sesIGN VARIABLES
in the Main Menu.
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MATERIAL =] e : ) .
Im-_iru I | pick a design variable
SeoueThy— ]

set a design space for
o the design variables

ot d te linked or ind dent
— —il—— Create liInked Or Inaependaden
m design variables

Main Menu>Design Variables

Use the. INK ED feature to associate one geometry design
variable with more than one entity, such as an element or layer.
To create geometry design variables that are independent of
each other, USeNLINKED.

EXAMPLE:

You can define plate thickness as a design variable. If you specify certain
elements (say, 1-10) with the design variable and you choose L INK ED,
then all of the elements, 1-10, have the same thickness. When the program
changes the value of plate thickness, the elements, 1-10, reflect that change.
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Design Variables

About Bounds and
Design Sensitivity

You can also use the linking options to specify that the ply
angles or layer thicknesses of multiple layers should be the
same.

When you use material design variables, the design variable for
all elements associated with the chosen material are
automatically linked.

UsetheLowER BOouND anduPPER BOUND buttonsto
establish adesign space for your design variables. The upper
and lower bounds create arange for the design variables used in
the optimization analysis.

Choosing tight bounds constrains the optimization, but, in
general, leadsto afaster analysis and a more accurate design.

Within the design space, you can pick certain points and
perform sensitivity analyses at those points. The sensitivity
analysisis performed using the prescribed values of the design
variables. In an optimization analysis, these prescribed values
are not relevant.

178
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Design Variables

Using Materials as
Design Variables

Using Composites as
Design Variables

To specify amaterial property as adesign variable:

1. Choose Design Variables>Material.

Design Variables>Material

[WATERAL — vous's moo | |
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2. Enter the upper and lower bound.

3. UseseL MATERIAL to pick materiasfrom the Currently
Defined Base Materials window.

Use the Composites option to define the design variables for a

composite group.

COMFOSITE = THICKHESS —=
AEOMETRY =] ]

Lowen povsn i
(T

._.-,_'g
el cowpanme g

LmELD = UNLIHEED

Design Variables>Composites

choose between layer thickness
and ply angle

use this button to associate the
design variable with one
or more layers.

The design variables for composites are:
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* ply angle
* layer thickness

Use theseL compPosITE button to choose a composite
material to apply the design variables to.

Geometry Design The geometry design variables for design optimization relate to

Variables the element sizing parameters. These variables must have a one-
to-one correspondence with the geometry constants that you
define for each particular element.

EXAMPLE:
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IXX and 1YY arethe moments of inertiaalong the X and Y axesrespectively
for beam elements. If an element does not have the moment of inertia
defined in the geometry option, you cannot have it as adesign variable for

that element.
Types of Geometry You can also define the following variables as geometry
Design Variables variables:

* Area (cross-sectional area of a truss element or a beam
element)

* Beam height (also occurs tsckness in the element
library)

* Beam width

* Radius of hollow cross-sections

» Wall thickness of hollow cross-sections

* Constant thickness (for shells, plane stress elements,

membrane elements, generalized plane strain elements)

180 Mentat 3.3-MARC K7.3: New Features



Design Variables

Except in the case of axisymmetric shells, avoid
specifying thickness as a separate variable at every
node of an element. For axisymmetric shells, you
can specify thickness as a separate variable at each
node of an element.

Using Geometry as To use geometry design variables:
Design Variables
1. Choose Design Variables>Geometry in Main Menu.
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CORETANT THIDKHESRE

Design Variables>Geometry

ChooseLINKED OF UNLINK ED option for the variable.
Choose a geometry design variable.

Enter the upper and lower bound.

o > W DN

Choose:

ADD to associate elements with the design variable

* REM to dissociate elements from a design variable.
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Design Congtraints

Design Constraints

Types of Constraints

use to indicate
the direction
of inequality
for the
constraint
expression

About Bounds

You can use the following types of constraints on your finite
element model:

» displacement

stress

strain

eigenfrequency

The constraints apply to the solution of loadcase or
eigenfrequency analysis.

To set up constraints MENTAT, ChOOS®ESIGN
CONSTRAINTS in the Main Menu.

HEW REW
HARE
COFY | PHEV HEXT EDIT
Rl
CEAPLACEMENT | f .
e _____ apply the constraint
BTRERE j H on either the algebraic or
STRAN ~ E il | absolute value of the
EIGEHFRED : T | constrained response
ALGERRMC = ARSOWUTE =
EE Bﬂ!g“i apply the appropriate bound
g —— on the response

Main Menu>Design Constraints

Use thesounDs feature to establish a range of response for
the design constraints. To set up the range of response for the
value of a bound, use the(greater than or equal to) or the
(less than or equal to) buttons.
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Algebraic and
Absolute Values

Setting Displacement
Constraints

To put a constraint on the algebraic value, choose the
ALGEBRAIC feature. Thisfeature givesyou the flexibility to
set bounds on both the positive and the negative sides.

A typical algebraic constant would be:
U, <Uu

max

When you choose the ABsoL uTE button, the program picks
the absolute, positive value of the response quantity.

A typical absolute value of constraint would be:

|0l < Omax

To set new displacement constraints:

1. Click bESIGN CONSTRAINTS inthe main menu.

2. Click DISPLACEMENT.

THANGLATION |

THARSLATION #

TRANSLATION 3

ROTATHIN 1
I ACITATHIM 2
| RO TATION 3
RESULTANT TRHARELATION
RESEILTAHT ROTATION
OIRE CTED THARSLATIGH
DIRECTEN RETATION
AEL TRAMBLATION 1

| HEL TRAMELATION

| HEL TRAMSLATION 3
[ NEL MOTATICH 1

L AE L mOTATION &
iﬂk ROTATION ¥
MRECTED REL TRAHFLATION
DIRECTEN REL AOTATHIN

o | e | iz

i o ] o o

Design Constraints>Displacement

3. Choose a constraint from the drop-down menu.
» For directed displacement constraints (e.g., directed
rotation), enter the vector direction/plane normal.

4. Enter the bounds information and assign a range.
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Design Congtraints

Adding or Removing
Nodes

Specifying the Vector
Direction/Plane Normal

5. Choose agebraic or absolute value.

6. Add anode list to associate with the constraint.

Usetheapb and Rem buttons to apply or remove a
displacement constraint from a node.

To add or remove nodes:

1. Choose Design Constraints>Displacement.

[MEPLACEMENT. TRAMBL1 |
sTREss =] i
SR i

EIGENFRED S |

RIGEOAME  — ABBOLUTE  —
= =] mounn|[o

Design Constraint>Displacement

2. Click ADD Or REM.

3. Enter anodelist.

You must specify avector direction when you use any of the

following design constraints:

« directed translation (translation parallel to a vector
direction)

« directed rotation (rotation about a vector direction)

» directed relative rotation (relative rotation about a vector

direction)
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Design Constraints

» directed relative translation (relative translation parallel t

vector direction)
* normal stress on a plane
* maximum stress on a plane

To specify the vector direction for any of the above constrai

1. Choose/ECTOR DIRECTION/PLANE NORMAL.

PESPLACEMENT. DIR ROTAT  ©
JSmmess o d
STRAR = & i
EIGEMFREG =] |
RGEORAIC  — AESOLETE =]
o= =] moumn]|
vECTaR n
specify the | DIRECTION § 1

) . PLANE FORadfl
direction 1]

cosines ADD | B :u

Main Menu>Design Constraints

uoneziwndo pue AlAnisuas ubisaQ

2. Inthe dialogue area, enter the direction cosines for the X, Y,

and Z components of the vector.
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Design Constraints

Adding or Removing To associate one or more elements with astress or strain
Elements for Stress constraint, use the App button. To dissociate one or more
and Strain Constraints ~ elements from any of the constraints, use the Rem button.

A— "i

e S

uoemnc  _fRRsmuTE

= 2= moumn 17 |

o R |

associate an element rrnore]

with, or dissociate l—# ot

an element from, a % ‘
constraint — " sop | =pe o

Main Menu>Design Constraints

Setting Stress or To set new stress or strain constraints:
Strain Constraints
1. ClickbESIGN CONSTRAINTS inthe main menu.

2. Click STRESS OF STRAIN.

A =

ATRAIN |
HTRAIN &
BTRAIN 3
STRAIN 4
HTRAIN 5
HTRAIN &

WO HISES MAGHITUDE
FIREST PRINCIPAL
HECHHI PRIICIPAL

| THI S I CTT,
AR PRINCIRAL
THESCR INTERSATY

b B ) ] ]

Design Constraints>Strain

3. Choose a constraint from the stress or strain constraints
drop-down menu.
Enter the bounds information and assign arange.
Choose algebraic or absolute value.

Add an element list to associate with the constraint.
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Design Constraints

Types of Eigenvalue You can specify the following types of eigenvalue constraintsin
Constraints MENTAT:

* Modal Frequency

* Frequency Difference

Use themobAL FREQUENCY feature to prescribe
frequencies of individual modes to be greater than certain
values.

Use theeREQUENCY DIFFERENCE feature to prescribe a
separation between different modes to prevent two modes f
being too close to each other.
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For both types of eigenvalue constraints, you can choose e
one of the following units of frequency:

» cycles/time

e radians/time

Setting the Eigenvalue  To set new eigenvalue constraints:
Constraints
1. Click Design Constraints>Eigenvalue.

_MODAL FREQUENCY r
£

Design Constraints>Eigenvalue

2. Choose one of the two eigenvalue constraint types.

* If you choose modal frequency, enter the mode number.

» If you choose frequency difference, enter the two mode
numbers that you wish to associate with the constraint.
Enter the bounds information and specify a range.
Choose algebraic or absolute value.

Choose the unit of frequency.
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Using Design Variables and Constraints

Associating You can associate design constraints on static response with a
Constraints with a particular loadcase in your analysis. Although an eigenvalue
Loadcase analysisisalso considered to be aloadcase, currently all

eigenfrequency constraints are automatically associated with a
prescribed eigenvalue analysis (“modal shape”) and are thus
handled internally.

To associate constraints with a particular loadcase:

1. Choose Loadcases>Mechanical>Static>Design Constraints.
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Loadcases>Mechanical>Static>Design Constraints

2. Choose the relevant constraints from the list of constraints.
3. Clickok.

Design Sensitivity and ~ The design sensitivity and optimization features are paired in
Optimization as the Mechanical Analysis Options window.

Mechanical Analysis
Options

L click to display options

L————— click to activate feature

Jobs>Mechanical>Analysis Options
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Using Design To use design variables and constraints in a design sensitivity
Variables and anaysis: w)
Constraints in Design g.
Sensitivity 1. Choose Jobs> Mechanical> Analysis Options> Design <
Sensitivity &
)
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Jobs>Mechanical>Analysis Options>Design Sensitivity

2. Choose the relevant variables from the list of design
variables.

3. ClicksorT coNsTRAINTS and enter avalue for the
number of critical constraints to sort.

4. Click ok.
In the Design Sensitivity area, click onN.
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Using Design Variables and Constraints

Design Objective If your design objective is mass, then you should provide the
Considerations material unit mass for each of the elements.

You can specify the cost of amaterial as either of the following:

e per unit volume

e per unit mass

When you prepare the material data, remember to provide
the material cost per unit mass or volume. If your material
data is per unit mass, then you should also provide the
mass density of the material.
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Using Design To use design variables in design optimization analysis:
Variables in Design w)
Optimization 1. Choose Jobs>Mechanical>Analysis Options>Design g.
(@]
Optimization. >
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¥ | >
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Jobs>Mechanical>Analysis Options>Design Optimization

Choose a design objective.

3. Choosetherelevant variables from the list of design
variables.

4. Enter aconstraint set size or use the default set size.
Enter the number of cycles or use the default number of
cycles.

6. Click ok.

About Maximum UsethemAXx. AcTIVE SET sIzE featureto work with a

Active Set Size certain size of aconstraint set. The constraint set determinesthe
maximum number of constraints for sensitivity analysis during
optimization.
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The default set sizeis 100. You can ater the size of the active
set to obtain the best results for your design optimization job.
The larger the size of the active constraint set, the greater the
computational costs.

About Maximum A cycle comprises of an exact analysis and acompleted cycle of
Cycles design iteration. The default number of cyclesis 20. You can
ater the number of cycles depending on your:
e optimization results

e computational resources
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Using Design Variables and Constraints

Additional Information Use the following table to find more information:

For... refer to in... g
Chapter/s... )
definitions of 10: Design Mentat 3.1 (:,5)
individual buttons Variables and Command o
Constraints Reference 2.
background 5: Sructural Vol. A =
information and Procedure ;
theoretical Library =
discussion '®)
descriptionof design 2:Parameters Vol. C =
sensitivity and g
design optimization 2
parameters S
description of the 3: Model Vol. C
following options: Definition
Options—
+ DESIGN OBJECTIVE Program
+ DESIGN VARIABLES Control
+ DESIGN DISPLACE-
MENT
+ CONSTRAINTS
+ DESIGN STRESS
CONSTRAINTS
+ DESIGN STRAIN
CONSTRAINTS
+ DESIGN FRE-
QUENCY CON-
STRAINTS
list of demonstration Appendix F: this guide
problems Demonstration
Problems
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Post-Processing of Sensitivity Results

Post-Processing of Sensitivity Results

About the Plotting of
Sensitivity Results

About Constraint
Reference Numbers

In plotting of the results of a sensitivity analysis, the increment
number associated with the plot is one increment higher than
the highest increment number relating to loadcases.

EXAMPLE

Under the M A R C increment numbering system, if there are three static
analyses (the program does not count the eigenvalue analysis as an
increment), the system adds one to that number. So all the sensitivity-related
plots are shown as sub-increments of afourth increment number.

When you read inthem AR c post file of the sensitivity results
iINnMENTAT, the program displays the last available increment
in the post file. Each of the responses is a sub-increment,
starting from first to the nth sub-increment. The only exception
isthe objective function, which, if it exists, appearsin the
zeroth sub-increment.

The objective function gradient is given as the zeroth
sub-increment. There is no zeroth sub-increment
if you did not specify an objective function.

The sub-increment numbers for sensitivity analysis have a one-
to-one correspondence with the constraint reference numbersin
the output file for sensitivity results. A constraint reference
number is a unique number associated with a response for
which a sensitivity analysisis done. Therefore, for this
particular increment, the sub-increment numbers are neither
necessarily contiguous nor in increasing order.

EXAMPLE

Consider that Stress 5 at Element 1, Layer 1, Integration Point 20, for
Loadcase 2 happens to be a static loadcase (i.e., first increment if preceded
by an eigenvalue analysis). If this particular constraint has the reference
number 3, then to display the plots for this constraint reference number in
MENTAT, look for sub-increment 3.

194
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Post-Processing of Sensitivity Results

About Response
Gradient Plots of
Sensitivity Results

The response gradient plots provide the gradients of response
quantities with respect to the design variables. From this
information, you can determine which of the design variables
the response quantity ismore (or less) sensitive to. The datafor
the plotsisavailable as sub-increments of the highest-numbered
increment during post-processing.

Use the Response Gradient/Design Variable menusto plot the
derivatives of each response with respect to the design variables

at the prescribed design.
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AEWIHE HEIP TO REEP
HOHITOR SN
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Results>Response Grad/Design Var

use these buttons to
navigate between

responses

switch between

viewing the model

or the plot

The results are only valid as first derivatives (i.e., as
first order information). They are usually meaningful
in a small region of the design space around the

prescribed design.
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Post-Processing of Sensitivity Results

Types of Plots
Associated with

Response Quantities

There are three types of plots associated with response

quantities (essentially, a sub-increment in the t19, or t16 post

file) and the objective function:

» bar charts—the gradient of a response quantity

* bar charts—the gradient of the objective function

e contour plots (similar to stress contours)—showing, on the
finite element model, the element contributions to the

specific response quantity.

About Bar Charts When you plot a bar chart showing the gradient of a response
Showing the Gradient guantityr; , you can view all the derivativesr)/(dx) , of that
ofa Rgsponse response quantity with respect to each of the design variables.
Quantity So, for a number of response quantities:
(dr;)/ (dx,) where x; are the
ar; = design variables
(dr;)/(dx;)
The plot of the gradient of the response quantity with respect to
the design variables is represented in a bar chart, as shown here:
dr/dx
* design variable number
1 2 3 4 .. n
Plot of Gradient of Response Quantity with Respect to
Design Variable(s)
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Post-Processing of Sensitivity Results

Plotting the Gradient To plot the gradient of aresponse quantity fromam ARc post
of a Response file:

Quantity with Respect

to Design Variables 1. Choose Results>Open.

2. Using the file browser, open the appropriate m ARC post
file.

Choose Response Grad/Design Var>Show Plot.

»

To skip to a specific response quantity, use either of the

following buttons:

SKIP TO RESP

SKIP RESPS
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NEXT RESP

o

Click F1 1T tofit dl the valuesinto the screen.
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Gradient of Response Quantity with Respect to Design Variables

To obtain a meaningful plot, you might have to adjust
the upper and lower limits.
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Post-Processing of Sensitivity Results

Plotting Bar Charts You can plot bar charts showing the gradient of the objective
Showing Gradient of function (mass, volume, cost) with respect of each of the design
Objective Function variables. For the program to display a gradient of the objective

function, you must specify an objective function for the
analysis. During post-processing, related results appear as the
zeroth sub-increment of the last increment.

To plot a bar chart showing the gradient of the objective
function with respect to each of the design variables:

1. Choose Results>Open.

2. Using the file browser, open the m ARC sensitivity results

post file.
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Click scan to view the sub-increments.

Click sk 1P To INC and enter the last increment and the
zeroth subincrement (e.g. 4:0).
5. Choose Response Grad/Design Var>Show Plot.

6. Click FiT tofit dl the valuesinto the screen.
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Plot of Gradient of Objective Function with Respect to Design Variables
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Post-Processing of Sensitivity Results

About Contour Plots

Creating Contour Plots
of Element
Contributions

Contour plots display, on the finite element model, the element
contributions to the specific response quantity. The element
contributions are those numbers, which when added, usually
sum up to the response itself.

Here the response (r;) is represented by:

constant
/ is a

r = Zci‘ +C work term
J
that may
ji=1 be due to,
say, support
settlement

where ¢;; are the element contributions.

In some cases, such as when there is support settlement (i.e.,
some work is done at the support), there is another constant
term (such as C, above) that is taken into consideration. So, in
special cases, such as support settlement, the element
contributions do not add up to the response itself due to the
presence of this additional work term.

To create contour plots of elements contributions from a

sensitivity post file:

1. Choose Results>Open.

2. Using the file browser, open the appropriate m ARC
sengitivity post file.

3. Choose one of the contour plot options (e.g., contour
bands).

4. Skip to asub-increment containing the gradient information

using one of the following buttons:

e SKIP TO INC

s« SKIPINCS

e NEXT INC

5. Click scaL AR and choose element contribution from the
Select Post Scalar menu.
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Post-Processing of Sensitivity Results

6. Click RESPONSE GRAD/DESIGN VAR.

7. Click sHow MODEL.
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Contour Plot of Element Contributions from a Sensitivity Analysis
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Post-Processing of Optimization Results

About Plotting of
Optimization Results

About History Plots of
Optimization Results

You can create the following plots for optimization resultsin
MENTAT:

* history plots—the change in a response quantity or
objective function over the optimization cycles.

» bar chart—the values of the design variables at a cycle.

History plots of optimization results show the change in the
objective function, or a design variable, with the optimizatio
cycles. In the post file, the optimization cycles occur as sub
increments of the zeroth increment. The history plots are als
paired with information on whether each point on the plot
represents a feasible (F), or an infeasible (I) design.
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A design is considered feasible when it satisfies all of the given
constraints. An infeasible design is one which violates one or
more of the constraints. If the violation is reasonably small, you
can decide whether the design is acceptable or not. Generally, if
the violation is less than the absolute, normalized value,

1x 107, the design is considered feasible.

The program traces history plots over the optimization cycles
(sub-increments), with each integer x-axis value corresponding
to a sub-increment.

objective
function cycles start at 0 and
stop at M
|
E F
F
F
|
*—=o *—e * cycles
o 1 2 3 4 .. M

History of Objective Function Values over Optimization Cycles
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Creating History Plots To create a history plot of objective function values over
of Objective Function optimization cycles:
Values

1. Choose Results>Open.

2. Using the file browser, open the appropriate optimization
post file.
Click scaN to view the increments.
Choose History Plot>Collect Data and enter the following
information:

» firstincrement

* Jast increment
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step size

Choose Nodes/Variables>Add Nodeless

o o

From the list of design variables, choose:

the plot variable for the X-axis (optimization cycles)
» the plot variable for the Y-axis (objective function)

7. ClickriT tofit all the values into the screen.

= e L

e e iy

History Plot of Objective Function with Respect to
Optimization Cycles
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Post-Processing of Optimization Results

About History Plots of ~ You can plot the change in the values of design variables over
Design Variable Values  the optimization cycles using the same commands asin creating
over Optimization aplot for objective function.

Cycles

Xy

X
o

X
E

design variable values
design variable values

design variable values

[ [
1 1
012.. M 012.. M 012.. M
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Plot of Design Variable Values (Xj) over Optimization Cycles
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Post-Processing of Optimization Results

Creating History Plots
of Design Variable
Values

To create history plots of design variable values over
optimization cycles:
1. Choose Results>Open.
Using the file browser, open the optimization resultsfile.
3. ClickcoLLECT DATA and enter the following
information:
» firstincrement

* Jast increment

step size

Choose Nodes/Variables>Add Nodeless

a &

From the list of design variables, choose:

the plot variable for the X-axis (optimization cycles)
* adesign variable for the Y-axis

6. ClickriT to fit all the values into the screen.
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History Plot of Design Variable Values with Respect to
Optimization Cycles
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Post-Processing of Optimization Results

Creating Bar Charts of ~ To create bar charts of design variable values at the end of a
Design Variables cycle:
Values

1. Choose Results>Open.

2. Using the file browser, open the appropriate optimization
file.
Choose Response Grad/Design Var>Show Plot.

4. To skip to aspecific sub-increment, use either of the
following buttons:

e SKIP TO INC

e SKIP INCS
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e NEXT INC

5. Click FiT tofit dl the valuesinto the screen.
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Design Variable Values at the End of a Cycle
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Additional Information Use the following table to find more information:

C

.g For... refer to in...

o Chapter/s...

é definitions of 13: Results Mentat 3.1
o individual buttons Command
_2 in the Results menus Reference
= background 5: Sructural Vol. A

2 information and Procedure

= theoretical Library

i discussion

c

[¢b]

N

[

jeX

(7]

()

a
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New Shell Elements

About the New Shell Elements 209

About Element 138 209

About Element 139 210

About Element 140 210

Associating Elements with a 3-D Membrane/Shell 211

New Rebar Elements

About Rebar Elements 212

Types of Rebar Elements 212

Generating and Identifying Rebar Elements 213
Soecifying Rebar Material Properties 214
Associating Double Elements with Nodes 215
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New Shell Elements

New Shell Elements

About the New Shell
Elements

About Element 138

The following element types are now availableinmARC:

« 138
« 139
« 140

Like all otherm ARrRc shell-elements, these three elements ug
numerical integration through the thickness. The default
number is 11.
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You can modify the number of layers per shell by using eith
of the following options:

e composites

* job parameters

Element 138 is a four-node, thin-shell element based on the
Discrete Kirchoff theory.

These are some of the salient features of Element 138:

» triangular element; works very well with the triangular
mesh generators that are available in Mentat or in other
CAD programs

» ease of use

» six degrees of freedom per node

* requires no tying

» applicable to all the material modelsMm rc
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New Shell Elements

About Element 139 Element 139 is a four-node, thin-shell element based on the
Discrete Kirchoff shell theory.

These are some of the salient features of Element 139:

« similar to Element 75, but uses thin-shell theory as opposed
to thick-shell theory

» suitable for thin-shell structures

» applicable to all the material models that are krc

» six degrees of freedom per node
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» four integration points per layer
« about five times faster than Element 75 during the element

assembly phase

About Element 140 Element 140 is a four-node, thick-shell element similar to
Element 75 but uses a single integration point per element.

These are some of the salient features of Element 140:

* six degrees of freedom

e uses hourglass stiffness matrix to insure that it is a stable
element

« cheaper to use but not as accurate in the case of plasticity
analysis

« about two-and-a-half times faster than Element 75 during

the element assembly phase
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New Shell Elements

Associating Elements Before you associate elements types with your 3-D Membrane/
with a 3-D Membrane/ Shell element, you should create your mesh using three-node or

Shell four-node elements.

To list elements with a3-D Membrane/Shell e ement:

1. Choose Jobs>Element Types.

2. Click3-Dp MEMBRANE/SHELL.

3. Choose the e ements to associate.

/

1/

. .

st/ a8

a8 |mm | |

B
==

4. Clickok.
5. Sdlect elements.

use for 4-node
elements
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use for 3-node
elements

Additional Information Use the following table to find more information:

For... refer to in...
Chapter/s...
notes on shell 1:MARC System Vol. A
orientation, layers
description of the 3: Element Library ‘Vol. B
elements
211
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New Rebar Elements

New Rebar Elements

About Rebar Elements

Types of Rebar
Elements

Rebar elements are, essentially, hollow elements with uniaxial
stiffness. You can place single strain members in rebar
elements.

Use rebar elements to represent stiffness elements that are

present in a single direction through the matrix material.

Although the rebar layer concept was originally applied to steel
rebars in concrete civil engineering applications, you can use

rebar elements in composite materials—composites containing
small filaments (e.qg., tires in which there are belts running
through the rubber material).

The orientation of single strain members in different layers of a
rebar element may be different. Each rebar element may have
up to five rebar layers oriented in a particular direction. Each
one of the layers has a different material behavior.

| different orientations
of single strain
members/layers of
a rebar element

Here are the types of rebar elements availablearc/
MENTAT:

e plane-strain rebar elements (four-node and eight-node)

» generalized plane-strain elements (eight-node)

212
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» axisymmetric rebar elements (four-node and eight-node

'

y relative P P
position | -

-
-
-

t1 2
angle

X

plane strain or axisymmetric rebar elements

e axisymmetric with twist elements (four-node and eight-

node)

» brick rebar elements (eight-node and twenty-node)

angle =0

angle = 90°
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* membrane rebar elements (four-node and eight-node)

Generating and
Identifying Rebar
Elements

elements.

To generate and identify the rebar elements:

1. Use the mesh generation toolsiaNTA T to generate the

2. Choose Jobs>Element Type to identify the rebar elements.

-0 THUFERIBEARM

3-0 HF HEHANETHILL

e L,

3-0 ROLD

AIEYRETHIC SHELL

AMISVRMETRIC ZO0IT

E

FLANE STHUN

E

FLAME BETRESS

£-i TRFSEIBEAN

Jobs>Element Ty

pe

click on these buttons
to display tables listing
the element types
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Specifying Rebar Use the Materials Properties menus to specify the properties of
Material Properties rebar elements including the direction of uniaxial behavior.

To specify rebar material properties:

>

3 1. Choose Material Properties>New Rebar-Define.
=

<

O

kS

— # 1 [ o CLEAR LAYERS:
% w [in DUFLICATE LAVE| COPY LANERS
E -! n

Q@

Ll

specify rebar ] TERIA I
material ———

properties for

up to five layers ,_Iﬁl_zﬂ _E{:'

Material Properties>New Rebar>Define

Specify the orientation of uniaxial behavior.

Choose the number of layers for the rebar element.

A w0

Specify the following properties for one or more layers:
* relative position of this rebar layer in the element (this
number is between 0.0 and 1.0).

e cross-sectional area of the rebar.
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New Rebar Elements

* ply angle (the angle with respect to the projection of

reference axis onto rebar layer plane)

Direction Normal to the Rebar Layer

Reference Axis

Rebar
Direction

Projection of Reference
Axis onto Rebar
Layer Plane
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ply angle

description of rebar orientation on a single rebar layer

Associating Double By associating double elements with nodes, you specify
Elements with Nodes dissimilar materials (e.g., rubber and steel) to concurrent
elements.

To duplicate elements where you want rebar behavior:

1. Generate a finite element mesh.

2. Using the Mesh Generation menus, duplicate those
elements where you want rebar behavior.

3. Specify the following settings to create elements in the
identical location(s):

» Scale factor: 1

* Locations: 0,0,0

* Translations: 0,0,0

4. Sweep nodes.
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New Rebar Elements

Additional Information

Use the SWEEP command to remove the
duplicate nodes only. Do not sweep the elements.

Use the following table to find more information:

For... EHE {19 in...
Chapter(s)...
definitions of 7: Material Mentat 3.1
individual buttons Properties Command
in the new rebar Reference
menus
background 10: Special Vol. A
information and Elements
theoretical
discussion
description of 3: Element Vol. B
individual rebar Library
elements
descriptions on 3: Material Vol. C
how to define Properties—Rebar
rebar positions,
areas, and
orientations in
MARC
description of 6: Geometry Vol. D
alternative user Modifications
subroutine and Subroutines+
Rebar

216
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About Fluid Analysis Options 222
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Boundary Conditions for Fluid Analysis
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About Centrifugal Loads 231

Initial Conditions for Fluid Analysis

About Velocity as Initial Condition Type 233
Coupled Analysis Considerations 233

Material Properties for Fluid Analysis

About Fluid Properties and Viscosity Models 235
Mass Density and Volumetric Expansion 237

Loadcases for Fluid Analysis

Applying the Fluid Steady State Parameters 239
About Iterative Procedures in Solution Control 241

Mentat 3.3-MARC K7.3: New Features

217



Mentat 3.3-MARC K7.3: New Features



il
=3
o
<
®
o
>
o
=3
o
»

Mentat 3.3-MARC K7.3: New Features 219



 Fluid Mechanics

0
Q
=
@©
<
O
[<B)
=
=
=
LL

220 Mentat 3.3-MARC K7.3: New Features



Fluid Analysis

Fluid Analysis

About Fluid Analysis

You can obtain solutions to problems in fluid mechanics by
solving the Navier Stokes equations for the following fluid

analysesinMARC:

* purely fluid

» fluid coupled with heat transfer (thermal)

o fluid-solid

e fluid-thermal-solid

The procedure is limited to problems where the fluid
may be treated as a single-phase, incompressible material.
The solution is also limited to problems where turbulence

does not develop in the flow.

To display the four fluid analyses class parameters in

MENTAT:

1. Choose Jobs>More.

2. Click on any of the four fluid analyses class buttons.

FLUAD |
FLUIE - THER L |
FLUAG- S0LID A"
FLUNG- THER AL - SO0 A
_ELECTROSTATIC ~
MAIMETOSTATIC =
ELECTIR0MS I TiE ér
M aLE r

Jobs >More

click a fluid analysis class
to display the analysis
class parameters

Mentat 3.3-MARC K7.3: New Features
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Fluid Analysis

About Fluid Analysis
Options

click here to
toggle between
the Mixed and
Penalty methods

About the Lumped
Mass Option

— 1 WED METHOD il |

These are the fluid analysis optionsin M ARC:

Lumped Mass
Mixed Method
Penalty Method

Strongly Coupled

Weakly Coupled

To use the fluid analysis OptioONSNFEENTAT:

1. Choose Jobs>More.
2. Choose one of the analysis classes (e.g., Fluid, Fluid-
Thermal, etc.).

3. ClickANALYSIS OPTIONS.

LUKFED MASE3 Adli click here to activate the

lumped mass option

STHONGLY COUPLED ﬂ L click here to toggle

between Strongly Coupled

i r| and Weakly Coupled

Jobs>More>(Analysis Class)>Analysis Options

Use the Lumped Mass parameter to control whether the solver
uses the consistent mass matrix or the lumped mass matrix. The
application of the Lumped Mass parameter for fluids is similar
to its application in heat transfer analysis. Instead of forming a
consistent mass matrix, the program now formulates a lumped
mass matrix which affects the inertia term associated with the
fluid behavior.

When you choose the lumped mass parameter for a fluid-
thermal or a fluid-thermal-solid analysis, you also lump the
specific heat matrix.

222
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Fluid Analysis

About Mixed and
Penalty Method
Procedures

You can toggle the buttons between the Mixed Method and
Penalty Method parametersinMENTA T to select a procedure
that ensures that the fluid is computationally treated as
incompressible.

When you use the Mixed Method, there is an additional degree
of freedom-a pressure degree of freedom-at all the nodes.
the degrees of freedom involve the velocities and pressure.

When you specify the Penalty Method parameter, the degre
freedom involves the velocities only and an additional pena
function. The penalty function is a scalar function and you
specify the value of the function in the Numerical Preferenc
option.

SoijueyY2aN p!ni4

The Mixed Method procedure is more accurate but require
more computational resources because there is an addition
degree of freedom for every node. This makes the stiffness
matrix larger and the solution of the equation more
computationally expensive.

In the Penalty Method, if the value of the Penalty function is too
large, it might affect the accuracy of the solution process. This
is reflected in a singularity ratio that might be extremely small.
If the value of the penalty function is too small, the fluid will
not satisfy the incompressibility requirement.
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Fluid Analysis

Specifying a Value for
Penalty Function

About Strongly-
Coupled and Weakly-
Coupled Parameters

To specify the value of the Penalty function for fluid analysis:

1. Clicksoss.

2. Choose afluid analysis class (e.g., Fluid, Fluid-Thermal,
etc.)

3. Choose Job Parameters>Numerical Preferences.

IRCRERMUN TAL 5T I P DICTION UL TP ||
BN DAY CONBITION P AL TY WL TR Fllﬂ;ﬂ

rrrser rrrrrres

FLLAD B CIOHAPRES SIS T PERAL T IFIHH

Jobs>(Analysis Class)>Job Parameters>Numerical Preferences

4. ClickFLUID INCOMPRESSIBILITY PENALTY and

specify avalue.

The Strongly-Coupled parameters apply to fluid-thermal and
fluid-thermal-solid analyses only. Using these parameters, you
can simultaneously solve the velocity of the fluid and the
temperature of the fluid. This simultaneous solution also results
in an additional degree of freedom per node.

Use the Weakly-Coupled parameters to solve the following in
sequence:
* velocity

e temperature of the fluid

The Weakly-Coupled procedure is also known as the
“Staggered” procedure.

The Strongly-Coupled procedure is better suited for thermally-
driven fluid problems. The Weakly-Coupled procedure might
run into stability problems when the temperature changes very

224
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Fluid Analysis

About the Solver
Option for Fluid
Analysis

Valid Element Types

quickly resulting in changes in viscosity. A change in viscosity
affects the velocity of the fluid which, in turn, affects the
temperature of the fluid.

Since fluid mechanics involves non-symmetric analysis, the
solver optionsin m ARC are fewer compared to a structural-
mechanics analysis. m AR c features the Direct Profile solver
for non-symmetric analyses.

The Hardware Sparse solver is another solver availablefor fluid
analyses on selected platforms. If the Hardware Sparse solver is
not available on your platform, m ARc defaults to the Direct
Profile Solver.
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To display the fluid analysis solver options for your platform:

1. Clickioss.
2. Choose afluid analysis class.

3. Choose Job Parameters>Solver.

h{llﬂﬂ' PROFILE

HARDAWRE SRAREBE

LY IR |

OE I~

Jobs>(Analysis Class)>Job Parameters>Solver

Thereisno specific menu for fluid element types since you can
use the same element types that you use in solid analyses.

For atable of valid fluid element types, see Appendix B (p.
293).
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E Boundary Conditions for Fluid Analysis

Boundary Conditions for Fluid Analysis

About Boundary
Conditions for Fluid
Analysis

About Fixed Velocity

Use the Boundary Condition menus to define the boundary
conditions for the type of your fluid analysis. For example, if
you wanted to perform afluid-thermal analysis, you would not
only prescribe boundary conditions for fluids, but also for the
thermal component of your analysis.

To display the boundary condition typesfor your fluid analyses,
choose Boundary Conditions>Fluid.

FOUD YELOOTY A=

FIE O PRESSUAR A

FQINT LOAD jr . click to display the
EDGE Lol B parameters for each
FACE LOAD = of the boundary
— I_ condition types
_RAMITY LOAD A

CENTREFUGAL LW} A

Boundary Conditions>Fluid

The Fixed Vel ocity option is the most common boundary
condition for fluids. Use this option to prescribe the velocity at
the nodal points.
To prescribe the parameters for the Fixed Velocity boundary
condition, choose Boundary Conditions>Fluid>Fixed Velocity.

I

i et use tables

UBER BUB. FORCOT = ﬂé to prescribe

ool u ju I \ellilgcflttjx;lction

oM v fo TANLE of time

il I_'l TANLY

CLEAR | aK r

Boundary Conditions>Fluid>Fixed Velocity

226

Mentat 3.3-MARC K7.3: New Features



Boundary Conditions for Fluid Analysis

To set the parameters, refer to the following table:

If the analysis is for a ... then...

steady state fluid prescribethefinal velocitiesat il

problem the nodal points. g_.

transient state fluids you can enter atable =Z
prescribing how the velocities Y
change with time. %:—3

2-D problem prescribe the X and Y g
velocities.

3-D problem prescribethe X, Y, and Z
velocities.

For transient analyses, you can use the user subroutine
FORCDT (See Vol. D: User Subroutines—FORQDI tablesto
specify the time-dependent velocity.

To prevent the incidence of a single set of equations
in a fluid analysis, you should apply some boundary
condition to the fluid.
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Boundary Conditions for Fluid Analysis

About Fixed Pressure Use the Fixed Pressure option when you are applying the Mixed
Method procedure for fluid analysis (See “About Mixed and
Penalty Method Procedures” on page 32Fhe Fixed Pressure
option applies a fixed pressure on the nodal points.

To prescribe the parameters for the Fixed Pressure boundary
condition, choose Boundary Conditions>Fluid>Fixed Pressure.
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Boundary Conditions>Fluid>Fixed Pressure

About Point Loads Point loads prescribe aforce on anodal point. In a steady-state
analysis, the point load is fixed. For atransient analysis, you
can prescribe atable to specify that the load is varying with
time.

To prescribe the parameters for the Point L oad boundary
condition, choose Boundary Conditions>Fluid>Point L oad.

an_J xronck 0
O] ¥ FoRGE 0 %
on JzromE i Topue

CLEAR i 0K F

Boundary Conditions>Fluid>Point Load
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Boundary Conditions for Fluid Analysis

About Edge Loads Edge loads are distributed loads that act upon the edge of a2-D
planar or axi-symmetric model where you prescribe aload per

unit length.

I edge load
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In a steady-state analysis, the edge load is fixed. For atransient
analysis, you can prescribe atable to specify that the load is
varying with time.

To prescribe the parameters for the Edge L oad boundary
condition, choose Boundary Conditions>Fluid>Edge Load.

|EF|'EFEH WALUES T

WEER SR, FORCER —=I
] o memsgm
on | PRESSURE : - ——

Boundary Conditions>Fluid>Edge Load
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Boundary Conditions for Fluid Analysis

About Face Loads Face loads are loads acting upon aface for a3-D problem. A
positive load implies that the load is directed into the element.

face load

To prescribe the parameters for the Face L oad boundary
condition, choose Boundary Conditions>Fluid>Face L oad.

ENTERED whiLisER =
Ai3%R ue. FoRcEW |
o | pressume o R |
L] JI.I‘BIIHR Il m_l
OM__i| W SHEAH a T.Mtl.‘

Ok r

!

Boundary Conditions>Fluid>Face Load

About Global Loads Global loads are loads per unit volume.

To prescribe the parameters for the Global Load boundary
condition, choose Boundary Conditions>Fluid>Global Load.

Im

USER SUBE. PR CE g

om | xromey fin ek Jf

o | vrorg 0 RECTTN |

ou dzronce W e Al
| =i

Boundary Conditions>Fluid>Global Load
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Boundary Conditions for Fluid Analysis

About Gravity Loads

About Centrifugal
Loads

Gravity loads are loads per unit mass. Generally, this value of
the load would be the acceleration due to gravity.

To prescribe the parameters for the Gravity Load boundary
condition, choose Boundary Conditions>Fluid>Gravity Load.

B da et 1 0 Jomp
S e 1 0 JamE
0| FACCEL i ToenE il

!

Boundary Conditions>Fluid>Gravity Load

You can apply centrifugal loads by specifying the angular
velocity and the axis of rotation of your analysis model. You
should also prescribe the two points that define the rotational
axis.

To prescribe the parameters for the Centrifugal Load boundary
condition, choose Boundary Conditions>Fluid>Centrifugal
Load.

o wnG VEL ooy fle Jased|
| |
1 0 = 0
w1 © xz le
O e 0
CLEAR ok

Boundary Conditions>Fluid>Centrifugal Load
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Initial Conditions for Fluid Analysis

Initial Conditions for Fluid Analysis

About Types of Initial
Conditions

There are three types of initial conditions that you can specify
inafluid analysis:

Mechanical

Thermal
Fluid

To display the types of initial conditionsNeENTA T, choose
Initial Conditions in Main Menu.

W ECHAMICAL

JEIEMNL : i

FLlD T choose this option )
for a purely fluid analysis

D IISTIRL D NDD

[FHBDW SETTINGS |

Initial Conditions

Depending on the type of analysis, you may require initial
conditions for one or all of the types. For example, if it is a
purely fluid analysis, you may need initial conditions for fluids
only.

If you perform a steady state analysis, the initial conditions are
not as relevant as they would be in a transient state analysis.

Picking good initial conditions (conditions that are
close to the final solution) can result in improved
convergence in the numerical analysis. However, they
will not influence the final results.

232
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Initial Conditions for Fluid Analysis

About Velocity as For apurely fluid analysis, theinitial condition associated with
Initial Condition Type the fluid isits velocity. You prescribe the velocity at the nodal
points in the model.

To prescribe velocity asaninitial condition:

1. Choose Initial Conditions>Fluid.

2. ClickvELociTyY.
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[minwm"

UBER BUB. HEII‘!I‘.‘—=|-

T Py
W a

sz

CLEAR i (A1 T'I

Initial Conditions>Fluid>Velocity

Coupled Analysis For fluid-solid analysisin steady state, you should prescribe the

Considerations solid behavior aslinear elastic. If any material or geometric
nonlinearity occursin the solid, then you have to take an
incremental procedure for the solid and perform a complete
transient analysis.

Inafluid-solid analysis, you aso have to specify a convergence
testing associated with fluid and solid region. For the solid
region, you specify the residual or displacement parameters.

About Limitations on There are limits to the amount of displacement that can occur in
Large Displacements solids. The motion of the free surface of afluid or the motion of
for Solids the solid islimited to small displacements. Large displacements

in solids might imply that the fluid is having large motion
which requires a new mesh to be placed in the fluid region—a
capability not included in this version @farc.
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Material Propertiesfor Fluid Analysis

Material Properties for Fluid Analysis

About Material
Properties in a Fluid
Analysis

The fluid region consists of one type of material and you can
perform single phase fluid analysis with no mixinginmARC.

Depending on the type of your fluid analysis (See “About Fluid
Analysis” on page 221 you may haveto prescribe more than one
type of material property. Use the following table to assign the
material properties for different types of fluid analyses.

For the
analysis type,

choose...

Fluid

FLuUIDs and assign all the fluid
properties (See “About Fluid Properties and
Viscosity Models” on page 235

Fluid-
Thermal

FLUIDSaNdHEAT TRANSFER for
those regionsthat are fluids. There should
be at |east two material types.

Fluid-Solid

FLuIDs for thefluid region and
MECHANICAL forthesolid region.

Fluid-
Thermal-
Solid

FLUIDSandHEAT TRANSFER forthe
fluid region; MECHANICAL and
THERMAL for the solid region.

234

Mentat 3.3-MARC K7.3: New Features



Material Propertiesfor Fluid Analysis

About Fluid Properties  Usethe Fluid Properties menusto assign the fluid properties for

and Viscosity Models an analysis. Since the material isincompressible, you need to
define the viscosity and the mass density of the fluid. To neglect
the inertia effects, specify asmall value for the mass density.

The fluid modelsfeatured in m ARC include: T
[

. o

« Newtonian %
* Bingham ;7:_;
e Carreau =3
(@]

(7]

e Power Law
* Generalized Power Law

e User-Defined

To display the Fluid Properties menus, choose Material
Properties>Fluid.

choose a

viscosity model

or the user —

subroutine, HERTTDRLEH =| MINGHAR =| CARREAL -
UNEWTN PIANER LEN GEMERMLIZED POWER LA — USER SUB. UNEWTH =

Material Properties>Fluid
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Material Propertiesfor Fluid Analysis

Use the following table to define the parameters for each of the

viscosity models:

For...

define...

Newtonian
fluids

the viscosity or atablethat representsthe
temperature effects on viscosity.

Bingham
fluids

the viscosity and the following tables:

temperature-dependent behavior
rate (strain rate) behavior

as given by the relation:
T”=|%d”+gD4d”Hng

dj; =0 ift<g

Carreau
model fluids

The values of K, D, and n as given by the
relation:

M= o+ (Ho—a)(1+ K?D) "

Power Law
fluids

K, n, and D as given by the relation:

-1
Tjj = HoKD" " 7dj;

Generalized
Power Law
fluids

K, n, D, Al, A2, A3, A4 as given by the
relation:

MoK exp(A,T +A,T)Dg D <Dy

P

WK exp(A, T +A,T9)D" D=D,

where

P=n-1+A;InD+A,T

236
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Material Propertiesfor Fluid Analysis

You can use the subroutine, UNEWTN, to define the
viscosity at a particular spatial location. For more
information, see Vol. D: UNEWTN: Input of Viscosity
in Flow Analysis

Mass Density and You must enter the mass density for fluidsand, if it isafluid-

Volumetric Expansion thermal analysis, the volumetric expansion coefficient. When
you enter avalue for the volumetric expansion, the fluid is
allowed to change its volume owing to a change in temperature
based upon the temperature coefficient.
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Them ARrRc models of fluids assume that the mass density is
constant and thus exclude gases.

Mentat 3.3-MARC K7.3: New Features 237



0
Q
=
@©
<
O
[<B)
=
=
=
LL

Loadcases for Fluid Analysis

Loadcases for Fluid Analysis

About Loadcases for
Fluids

You can choose the following loadcase classes depending on
the type of fluid analySISINMENTAT:

¢ Fluid
¢  Fluid-Thermal
¢ Fluid-Solid

¢ Fluid-Thermal-Solid

For each of the above loadcase classes, you can specify the

following loadcase types:

» Steady State—you define the tolerance value to control
convergence and accuracy

« Transient—you define the tolerance value to control
convergence and accuracy, the time steps, and the total

loadcase time.

The parameters and menus for the Fluid loadcase classes are
similar to Heat Transfer parameters and meGeas lentat
Command Reference Manual, Chapter 11: Analysis-

Loadcases).

To display the Loadcase Type menu:

1. ClickLoabcasEe in Main Menu.

2. Choose a loadcase class (e.g., Fluid, Fluid-Solid).

o

joory I PREv | Mexr | gom

HTLALY HTATE
THANSIINT

Loadcase>(Loadcase Class)
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Loadcases for Fluid Analysis

Applying the Fluid To apply the fluid steady state parameters:
Steady State
Parameters 1. ChooseLoADCASE inMan Menu.

2. Choose aloadcase class (e.g., Fluid, Fluid-Solid).

3. ChooseSTEADY STATE. T
c
=
<
D

Loan S

HOLWTHIN CONTHDL click on these buttons %
COMVIEHGEHCT TESTRG to define additional Iy
HUAERICAL PREFEREMCESR data w

Loadcase>(Loadcase Class)>Steady State

Mentat 3.3-MARC K7.3: New Features 239



E Loadcases for Fluid Analysis

Applying the Fluid To apply the transient parameters for afluid analysis:

Transient Parameters
1. ChooseLoaDcAsE in Main Menu.

2. Choose aloadcase class (e.g., Fluid, Fluid-Solid).

3. ChOOSe TRANSIENT.

LOADE
HOLUTEON DONTRL
CHEVTREGIMOE TESTIRG
HURABRICAL H’IEFEHI_F‘IIE

TOTAL LOSDCASE TIME i~

li-'ﬁ & ATERR I'l I
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T | PARRMETENS

REBET | O, r

Loadcase>(Loadcase Class)>Transient

4. ClicktoTAaL LOADCASE TIME and specify the total
loadcase time period.
5. Choose fixed or adaptive time steps.

Since fluid analyses is a highly nonlinear phenomenon,
you might need to take small steps to achieve convergence

for a transient analysis.
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Loadcases for Fluid Analysis

About Iterative You can apply either of the iterative procedures for solution
Proceduresin Solution  control inMARC:
Control

* Full Newton-Raphson

At each iteration of the Newton-Raphson procedure, yo
solve:

o(x)sx'** = R

Xi+1 — Xi+6Xi+l
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where X is the solution at thé" iteration, and Ris the
error in the solution or residual. Each iteration results in

changesx*1 in the solution.

* Direct Substitution

For the Direct Substitution procedure, you solve:

o(Xi)xi+l = F

where the force remains for all iterations, and the operator
matrix is obtained from the last solution of X.

When the Full Newton-Raphson procedure converges,
it converges faster. However, the Direct Substitution
procedure is often numerically more stable.

About Control When you perform a coupled analysis with either the Strongly-
Tolerances Coupled or Weakly-Coupled method you should specify two
separate control tolerances for the:
» velocity

» temperature change in the fluid
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Viewing the To view the convergence testing parameters for the solid region:
Convergence Testing

Parameters 1. Choose LoADCASES inMain Menu.
2. Chooseeither FLUID-SOLID OFFLUID-THERMAL -
SOLID.
ChOOSE TRANSIENT.

ChoOSe CONVERGENCE TESTING SOLID REGION.

CORVERGERCE TEATING

Loadcases>Fluid-Solid or Fluid-Thermal-Solid>Transient>
Convergence Testing Solid Region
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Loadcases for Fluid Analysis

Additional Information

Use the following table to find more information:

For... SS9 in...
Chapter(s)...
theoretical 6: Non-Structural Vol. A
description of the Procedure Library
Fluid capability and
material models for
fluids
description of the 2:Parameters Vol. C
parameter, FLUID
description of the 3:Model Vol. C
model definitions: Definition Options
+ REGION
+ FIXED VELOCITY
+ ISOTROPIC
+ STRAIN RATE
+  TEMPERATURE
EFFECTS
+ INITIAL VELOCITY
+ INITIAL TEMPERA-
TURE
description of the 3:User-Defined Vol. D
user subroutine, Anisotropy and
UNEWTN Constitutive
Relation
Subroutines
demonstration 9 Vol. E
problems
Mentat 3.3-MARC K7.3: New Features 243
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10=Material Modeling

Using the Narayanaswamy Model

Mechanical Material Types for the Narayanaswamy Model 247

New Approaches in Plasticity Modeling

Multiplicative Decomposition and New Plasticity Procedures 251

Mooney-Rivlin and Ogden Formulations

About the Updated Lagrange Procedure 255

User Subroutines in Hypoelastic Properties

About HYPELA and HYPELA2 257

Experimental Data Fitting

About Experimental Data Fitting 260
Setting Damage Control Parameters 268
About the Viscoelasticity Model and Relaxation Spectra 270
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Using the Narayanaswamy Model

Using the Narayanaswamy Model

About Thermo-
Rheologically Simple
Materials and the
Narayanaswamy Model

Mechanical Material
Types for the
Narayanaswamy Model

Parameters for the
Narayanaswamy Model

Thereisalarge class of polymers adequately represented by
linear viscoelastic laws at uniform temperature. With a change
in temperature, these polymers exhibit an approximate
trandational shift of all the characteristic response functions
along alogarithmic time axis. The shift occurs without a change
of shape and these temperature-sensitive viscoel astic materials
aretermed, Thermo-Rheologically Simple (See \Vol. A, Chap. 7:
Thermo-Rheol ogically Smple Behavior; Narayanaswamy
Model)
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You can apply the Narayanaswamy model to define the thermo-
rheologically simple properties of glass-type materials.

Use the Narayanaswamy Model in conjunction with the
following mechanical materia types:

* Isotropic

* Orthotropic

* Mooney

 Ogden

Here are the parameters associated with the Narayanaswamy
model:

» Activation energy/Gas const (H/R)-See Vol. A, Chap. 7:
Narayanaswamy Model)

* Glass Transition Temperaturegf#the temperature below
which the material behaves as a solid and above which the

material is a liquid.
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Using the Narayanaswamy Model

Fraction Parameter—enables you to apply a mixture of
fictive and real temperatures and control the participation of
the fictive temperature.

Absolute Temperature Shift—the shift between the
temperatures that you are using in your model and absolute
temperature; if you are using temperature in Rankine or

Kelvin, then the shift would be equal to zero.

Before you apply Narayanaswamy model parameters
for your finite element model, you should define the
model geometry.

248
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Applying To apply the Narayanaswamy model parameters:
Narayanaswamy Model

Parameters Click MATERIAL PROPERTIES inthe main menu.
Choose a mechanical material type.

Choose THERM AL EXP. inthe properties window.

> w0 DN P

ChooseviscoeLAsTIC and enter the liquid and solid
coefficients of thermal expansion.

For your options, refer to the following table:
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If the thermal
expansion property
is...

then...

| sotropic 1. Typein avalue for the thermal
expansion coefficient.

2.ClickonTABLE to associate a
table with this property. You
would typically use tables here to
provide temperature-dependent
data.

3. Click ok .

Viscoelastic 1. Typeinavaluefor the
coefficient of thermal expansion
in the liquid and solid states.

2. Click ok .

5. ChOOSeRATE EFFECTS>VISCOELASTIC inthe
properties menu.

6. ChOOSe THERMO-RHEOLOGICALLY SIMPLE inthe
viscoel astic properties window.

7. ClicktheNArRAYANASWAMY shift function.
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Using the Narayanaswamy Model

Additional Information

8. Typeinthevauesfor the parameters.

9. Clickoxk.

10. Choose ok intheviSCOELASTIC PROPERTIES
window.

11. Choose ok intheMECHANICAL MATERIAL TYPE
window.

12. Add the material property to the desired elements.

Use the following table to find more information:

For refer to in
Chapter(s)...
definitions of 7, Material Mentat 3.1
buttons Properties Command
Reference
theoretical 7, Material Vol. A
description and Library
background
information
description of the 3, Mode Vol. C
following options: Definition
Options
+  SHIFT FUNCTION
+ VISCEL EXP
user demonstration E 7.x-32 Vol. E
problem
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New Approaches in Plasticity Modeling

Multiplicative
Decomposition and
New Plasticity
Procedures

There are five different plasticity proceduresinm ARC :

Small Strain—-Mean Normal
Small Strain—Radial Return
Large Strain—-Mean Normal-Additive Decomposition

Large Strain—Radial Return—Additive Decompaosition

goA W NP
GuilopoN rersren

Large Strain—Radial Return—Multiplicative Decompositic

The difference between the first two procedures is the
numerical implementation and determination of the normal {
the yield surface. The Mean-Normal procedure is a more stj
procedure, but it usually requires more iterations in the analysis
process. The Radial Return procedure is less stable but in
theory, it converges faster.

A new fifth procedure uses the multiplicative decomposition of
the deformation gradient. This model enables you to take large
increments of strain with greater accuracy and better
convergence.
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Selecting a Plasticity To select a plasticity procedure:
Procedure
Click yoBs in Main Menu.

Choose arelevant analysis class (e.g., Mechanical).

Click ANALYSIS oPTIONS in Analysis Class.

A 0D

Choose a plasticity procedure or click again to choose the

next procedure in the list of five procedures.
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H- HM-apoivo Tl click again to display
the next procedure

Jobs>(Analysis Class)>Analysis Options

Considerations for When you define the material relationships for these plasticity

Elastic Data models, the Young’'s modulus and the Poisson’s ratio is always
the same regardless of which plasticity procedure that you
choose.

Considerations for In the case of the work-hardening data, when you define atable
Work-Hardening Data of the work-hardening/strain hardening information, here are
some important considerations:

When you use the... enter the data in terms of...

small-strain formulation engineering stress and
strain

large-strain formulation Cauchy stress and
logarithmic or true strain

The data that you enter is independent of the
decomposition approach, multiplicative or additive,
that you use.
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Element When amateria isin the fully plastic range, the materia is

Considerations almost completely incompressible. This has a consequence on
the type of elements that you can use to achieve an accurate
solution.

When you use the Large Strain-Mean Normal-Additive
Decomposition or the Large Strain-Radial Return-Additive
Decomposition, m ARcC automatically invokes the Constant
Dilatation procedure for lower order elements (types 3, 7, 10,
11, 19, 20). Thisimproves the accuracy of the analysis.
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When you use the Large Strain-Radial Return-Multiplicative
Decomposition procedure, m AR C uses an alternative, three-
field variationa approach that is applicable to most
displacement-based elements.

For problemsinvolving large strain, avoid using three-node
triangular elements or four-node tetrahedral elements.
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New Approachesin Plasticity Modeling

Additional Information Use the following table to find more information:

For... EIEr i in...
Chapter(s)...
theoretical concepts, 5, Sructural Vol. A
Procedure Library
and
7, Material
Library
element 1, Introduction Vol. B
considerations,
description of the 3, Model Vol. C
option, PLASTICITY Definition
demonstration E 3x-19, E 3x-21, Vol. E
problems, E 3x-33, E 3x-34,
E 3x-35, E 3x-36,
E 3x-37, E 3x-38,
E 8x-12, E 8x-15,
E 8x-16, E 8x-17
E 8x-18, E 8x-60
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Mooney-Rivlin and Ogden Formulations

About the Updated
Lagrange Procedure

Considerations for
Mooney-Rivlin and
Ogden Formulations

In addition to the total Lagrange procedure, you can now use
the Updated Lagrange procedure for analyses that include
Mooney-Rivlin or Ogden material models. When you employ
the Updated L agrange procedure for rubber formulation, you no
longer need to use Herrmann elements to model the
incompressibility of the rubber materials.

The Updated L agrange procedure enables you to use the rubber
materials with explicit dynamics and since the number of
degrees of freedom islessin the model, your analysisis
computationally more efficient. Also, since no Herrmann
elements are required, the numerical procedure associated in
solving alinear equation is more stable when you apply the
iterative solvers for rubber analysis.
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So for Mooney-Rivlin and Ogden formulations, you now have a
choice of the Updated Lagrange or Total Lagrange procedure.

To select the Updated L agrange procedure:

1. Choose Jobs>Mechanical>Analysis Options.

|
LAIGE STRAM_UPDATED LAGRANGE |

Jobs>(Analysis Class)>Analysis Options

2. Click the Elasticity Procedure cycle button and choose

LARGE-STRAIN UPDATED LAGRANGE.

If you had aregion in your model that was a Mooney-Rivlin
type material and another material that was not Mooney Rivlin,
then the large-strain elasticity formulation works on the region
with the Mooney-Rivlin type material only.

The Updated Elasticity Lagrange procedure works for the
Mooney-Rivlin materials and Ogden materials only.
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You can define the Mooney-Rivlin material or the Ogden
material regardless of which formulation (Total or Updated
Lagrange) that you chose. The material constants that you enter
are the same.

You can apply the rubber damage models to your Mooney-
Rivlin or Ogden formulation when using either the Total
Lagrange or Updated L agrange procedure.

You can use the large-strain viscoelastic model with the total
Lagrange formulation only.
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Additional Information Use the following table to find more information:

For refer to in
Chapter(s)...
theoretical concepts 5, Sructural Vol. A
Procedure Library
and
7, Material
Library
element 1, Introduction Vol. B
considerations
description of 2, Parameters Vol. C
the parameter,
ELASTICITY
description of the 3, Model Vol. C
options: Definition Options
«  MOONEY
« OGDEN
demonstration E 7x-12, E 7x-14, Vol. E
problems E 7x-20, E 7x-28,
E 7x-29, E 7x-30,
E 7x-31, E 7x-43
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User Subroutines in Hypoelastic Properties

About User When you now specify the parameters for hypoelastic material
Subroutines in properties, you have the choice of three user subroutines:
Hypoelastic Properties §
« HYPELA o
. HYPELA2 *‘%’
« UBEAM 9
@
=
(@]

Use HYPELA and HYPELAZ for the following elements:

e continuum elements

* shell elements

» all beam elements except beam elements, 52 and 98

For beam elements 52 and 98, use subroutine, UBEZ# (
Vol. D: User Subroutines—UBEAM

About HYPELA and HYPELA and HY PELAZ2 are two user subroutines that you can

HYPELA2 use with the Hypoelastic option. HY PELA istypically used for
elasticity applications. You can use HY PELA2 for modeling
arbitrary nonlinear material behavior including elastoplasticity.

For both user subroutines, you should define L and g (where L
isafunction of the mechanical strain and g is a function of the
temperature) such that:

Gij = Lijki€y, + ij
HY PEL A2 conveys more information about the kinematics of
deformation (i.e., the deformation gradient; stretch ratios:
rotation tensor). This enables you to account for rigid rotations
while modeling material behavior. Also, you can calculate any
kinematic terms that you need to add to the tangent.
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In HYPELAZ2, you obtain the information about the current
deformation gradient (F) which is decomposed, using polar
decomposition, into rotation tensor (R) and stretch tensor(U), as

given by the relation:

o

= —

T F=RU
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% For reasons of maintaining backward compatibility, subroutine

s HYPELA isstill supportedinm ARc. You do not need to
change HYPELA.

Choosing a User To select a user subroutine for hypoelastic properties:

Subroutine for
Hypoelastic Properties 1. Choose Material Properties>Hypoelastic.

I
HYTE -

S— = | for HYPELA2,

_USER SUR. UHEAM = choose type
) of data to pass

| | to HYPELA2
DEF. GRAMENT & ROTATION TEIS0R =

DEF. ARAMENT & STRETCH RATIOR

[ DEF. GRADENT, ROTATION TENSOR & STRETCH RATION —
| wasmoenmer

Material Properties>Hypoelastic

2. Choose a user subroutine.
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User Subroutines in Hypoelastic Properties

Additional Information Use the following table to find more information:

For... IEEL 19 in...
Chapter(s)...
constitutivetheory 7, Material Vol. A <
and equations Library: %
Nonlinear >
Hypoelastic g
Material S
description of the 3, Model Vol. C @
option, Definition a
HYPOELASTIC Options
description of the 3, User-defined Vol. D
user routines and Anisotropy and
parameters Constitutive
Relations
Subroutines
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Experimental Data Fitting

Experimental Data Fitting

About Experimental
Data Fitting

use tables to
specify the
variation of the
material data with
temperature,
plastic strain,
strain rate, and
relative density

|| TaBLES “| PLOT OFT T

The Experimental Data Fitting feature enables you to extract
the material constantsfor avariety of different constitutive laws
from data that was experimentally obtained.

For an elastomer analysis, you can use the Experimental Data

Fitting feature to calculate the following:

« for rate-independent behavior, the material data for
elastomers for the rate-dependent, viscoelastic data.

e material data for damage data.

To view the experimental data fitting options, choose Material
Properties>Experimental Data Fitting.

Material Properties>Experimental Data Fitting

You may want to perform several experimental tests
before you extract the coefficients for a rubber material.

260
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About Experimental
Tests

Reading in
Experimental Data

The Experimental Data Fitting menus feature the following
deformation modes for calibrating quasi-static stress-strain
response curves (See also Mentat Command Reference, Chap.
7: Experimental Data Fitting):

* uniaxial

* Dbiaxial

» planar shear (or pure shear)

* simple shear

e volumetric

BuilopoN rersre

While it is possible to use just uniaxial data for curve fitting &
extract the constants for elastomeric material models, you
should also have experimental data for multiple types of
experiments. This enables you to achieve material constan
that can be used in practical engineering analysis. You cannot
use shear experimental data for obtaining constants for the
Foam model.

Using the Experimental Data Fitting menus, you can read in
your experimental data in a tabular form containing the
engineering straire] and the engineering stres¥) (neasures.
The Foam model requires dilatational informati6ad “About
Forms of Data” on page 262 The experimental dataisreadin as

€, 0, J (Jacobian of deformation).
To read in your experimental data:

1. Choose Material Properties>Experimental Data Fitting.

L L J

[ F | click to display the
currently-defined

LN experimental data

FadPLE SHEA tables

WOLMETRIC J

Material Properties>Experimental Data Fitting
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Experimental Data Fitting

2. Choose adeformation mode (e.g., biaxial).

3. Click TaBL E and choose a currently-defined table.

The steps described above ensure that the table is

associated with the biaxial test.

Check to ensure that the table format is “RAW.”

About Forms of Data Theforms of datain the tablesis described here;

Category

Form of data

Deformation Mode

€0 0)

Constant Strain Amplitude

Emax: 0|£ =fixed

Increasing Strain Amplitude

cycle count, g|

equispaced

€ = fixed

Relaxation

time, o

equispaced

Although your data set may have three components,
you'll see only the X and Y components in Mentat.

262
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For Foam models, the Z-component is the dilatational
information, (J). The relation between the deformation mode
and form of Jis given below:

Deformation J where:

uniaxial A/ A, A isthe cross-sectional §
area o
5
A A =
(@)
Q.
o
=
¢ (@]

biaxial t/t, t isthe thickness of the

sheet:

Ay
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Types of Data Fitting After reading in the experimental data, use the Material Models
Models menu to select the type of material model.

To display the Material Models menu, choose Material
Properties>Experimental Data Fitting>Elastomers.

HED - HODEESN
MODHEW[Z)
MODHEY[T)
HIGHIGHIR ‘
AECHHD ORDER HWRIANT I click on a model for

THIND OREDLI DEFORMATION which you wish to
extract the material

coefficients
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oGEEN

J

LT
SHEAR RELAR

BULK RELAX. j
JMERGYRELRL

EMERGY RELAH,

Material Properties>Experimental Data Fitting>Elastomers
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Determining the
Material Coefficients

After specifying the deformation mode(s) and the type of
model, use the control parameter windows to compute the
material coefficients. You can use the material coefficients with
either the total, or the updated, L agrange procedure.

specify one _|
or all
deformation
modes

<

>

(0]

=

view results o

| jo of computed =
coefficients =

(@)

| 'IZI | o
: (9]

| apply the material =

coefficients to =]

the currently-active «©«

COMPITE |.u=n'ql |nl: r'| material property

Material Properties>Experimental Data Fitting>Mooney(2)

To compute the material coefficientsin the control parameters
window:

1. Choose one or more deformation modes.

2. ClickcomPUTE.

If you gave the data for more than one deformation mode (e.g.,
uniaxial and biaxial), you can choose to derive the coefficients
based on any subset of the experimental data by picking the
relevant deformation modes in the Experimental Data Fitting
Menu.

Before performing multiple fits in one session, be sure
to deselect deformation modes between models.
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Experimental Data Fitting

Applying Material
Coefficients to the
Currently-Active
Property

Deciding Which Modes
to Use

You must presstheappL Y button to apply the material
coefficients to your model. The material coefficients are then
applied to the currently-active material property (e.g. Mooney).
You would still need tousetheapp ELEMENTS buttonin the
Material Properties menu to associate part of the model to that
particular material.

M ARC does not require a bulk modulus for the
Mooney-Rivlin material models. You do not need to
supply a volumetric test for these models.

After you load the tables for the individual deformation modes,
you can decide, using the control parameter windows, which
datato use with respect to the deformation modes.

Use the following table to determine which deformation modes
(or their combinations) to use:

In the control parameters

To load data for... windows, click...
one deformation mode the button corresponding
(e.g., uniaxial) to the deformation mode
(e.g., UNIAXIAL)
all four deformation USE ALL DATA
modes
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About the Use the Extrapolation feature to extrapol ate the computed

Extrapolation Feature response curves to the regions beyond the experimental data
that you defined. You can apply this feature to observe the
material behavior for regions outside the user-defined
experimental data.

<

. . . o

Use the Extrapolation Control Parameters windows to specify F_E’

the lower and the upper bounds of the new strain levels. )

<

o

o

@

LEFT IMHIMD n —

RIGHT BOUMND o 8
EXTRAPOLATE DINITIFF I

==
Material Properties>Experimental Data Fitting>
Control Parameters>Extrapolation

If you set the bounds such that they are within the
range of the data set, the bounds are ignored.

Additional Information Use the following table to find more information:

For refer to in
Chapter(s)...
definitions of 7, Material Mentat 3.1
buttons Properties Command
Reference

description of 7, Material Vol. A
material models Library
description of the 3, Model Vol. C
following options: Definition

+  MOONEY Options

+ OGDEN

+  FOAM

+ VISCEL PROP
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Damage Models

About the Continuous In addition to the existing Discontinuous damage model in
and Discontinuous MARC, Yyou can how use a Continuous damage model for
Damage Models elastomers.

Use the Continuous damage model in m AR C to calibrate the
continuous damage terms. The model uses the “constant strain
amplitude” data set.
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The existing Discontinuous Damage model uses the “increasing
strain amplitude” data set.

Setting Damage After loading the appropriate damage data set, you can use the
Control Parameters Damage Control Parameters window to compute the Kachanov
Factor coefficients.

To display the Damage Control parameters, choose Material
Properties>Experimental Data Fitting>Elastomers>Damage.

load a relevant table
to activate the

continuous or
discontinuous damage
model button

set the Discontinuous
Damage button to —
“ON” position

recommended number
of terms is “2”

use the error entry to
obtain the difference
between the input

and the predicted !
curve

Material Properties>Elastomer>Damage
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Considerations for
Data Sets

Checklist for Using the

Continuous Damage
Model

Additional Information

You must calibrate a constitutive model from auniaxial, biaxial
or planar-shear data set in the step immediately before setting
the control parameters. The program needs this sequence of

actionsto convert the table, (¢,"%, ;) to atable, (w,, g;).
The transformation to the table, (w;, o;) resultsin anon-

equispaced data set. The program automatically smoothensthis
set into an equispaced set.

When using the Continuous Damage model, you should:

load a table such that tbe M AGE conN button is

activated.

specify the free energy value to correspond to the point,

(Eix» O0)-
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setthebpiscoNTINUOUS DAMAGE button to “Off”

position.

Use the following table to find more information:

For refer to in
Chapter(s)...
definitions of 7, Material Mentat 3.1
buttons Properties Command
Reference
background 7, Material \Vol. A
information Properties
description of the 3, Model \Vol. C
option, DAMAGE Definition
Options

demonstration E 7x-30 \Vol. E
problem
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Viscoelasticity Model

About the After you load the appropriate stress relaxation data set, you can

e Viscoelasticity Model use the viscoelasticity control parameters to compute the shear,
=l and Relaxation bulk, or energy relaxation spectra.
3 Spectra
§ To display the viscoelasticity control parametersfor abulk test,
= choose Material Properties> Experimental Data Fitting>
5 Elastomers> Bulk Relax.
T
=

load a relevant

stress relaxation —._J_

tho RELAXATION TR TV Ca— - -

button T 7

recommended ;'

number of terms RN | Y o r e

e il 1 |

i
I L‘ I 4 ! JJJJJ
it
it ] I
L]
L]

Material Properties>Experimental Data Fitting>Bulk Relax.
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Using a Relaxation
Table for
Viscoelasticity Control
Parameters

Use arelaxation table to enter the appropriate stress relaxation
data set.

To select arelaxation table:

1. Choose Material Properties>Experimental Data Fitting.
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FLAMAH SHE
SHPLE
WO LMETRIC

choose a

relaxation type

TABLER O] maToer -

Material Properties>Experimental Data Fitting

2. Choose abutton for the relaxation type (e.g., SHEAR
REL AX.) and select atable from the currently-defined
tables which contain datasets from the respective test (e.g.,
shear-relaxation test).
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Experimental Data Fitting

Computing the
Coefficients for Shear,
or Bulk Relaxation
Tests

Determining the
Coefficients for an
Energy Relaxation Test

Considerations for
Data Sets

Use the Viscoelasticity Control Parameters window to compute
the coefficients for shear, or bulk relaxation tests.

To compute the coefficients:

1. Choose Materia Properties>Experimental Data
Fitting>Elastomers.

2. ChooseeitherthesHEAR RELAX. OrtheBULK RELAX.
button.

3. ClickcomMmPuTE.

Use the Viscoelasticity Control Parameters (Free Energy)
window to compute the coefficients for an energy relaxation
test.

To compute the coefficients:

1. Choose Materia Properties>Experimental Data
Fitting>Elastomers.
2. ClickENERGY RELAX.

3. ClickcoMmPUTE.

You must calibrate a constitutive model from a uniaxia test in
the step immediately before setting the control parameters. The
program requires this sequence of actionsto convert the table,
(time, 0;) to atable, (time, W,) wherei = 1,2,3,..N.

272

Mentat 3.3-MARC K7.3: New Features



Experimental Data Fitting

Additional Information Use the following table to find more information:

For refer to in
Chapter(s)...
definitions of 7, Material Mentat 3.1 [
buttons Properties Command %
Reference >
background 7, Material Vol. A =
information Library S
(9]
description of the 3, Model Vol.C =3
options: Definition «
+ VISCELPROP Options
+ VISCELORTH
+  VISCELMOON
+ VISCELOGDEN
demonstration E 7x-12, E 7x-14, Vol. E
problems E 7x-18, E 7x-22
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11=Analysis Integration

Using Radiation Viewfactors

About the Radiation View Factor Feature 277
Applying Radiation As Boundary Conditions 278
About Emitting and Incident Objects 279

About the Compute Radiation Viewfactors Window 280
Computing Viewfactorsin Analysis 283
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Using Radiation Viewfactors

About the Radiation
View Factor Feature

About Viewfactors and
Computation

To achieve accurate solutions of many heat transfer problems,
you need to include the effects of radiative heat exchange. The
Radiation Viewfactor featureinM ENTAT computes the
viewfactors that you can apply to the analysis of heat transfer
problems. This feature also includes, automatically, the effects
of shadowing for 2-D, 3-D, and axisymmetric geometries.

The radiation viewfactor is the fraction of radiation leaving the
emitting surface that reaches an incident surface and depends
solely on the geometric configuration of the surfaces.

>
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2
(72}
=1
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D
(@)
=
Q
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o
>

e — incident
surface

12
\— Radiation view

factor, Fqo

The computation of viewfactorsinm ARc usesthe Monte Carlo
method. This method handles the shadowing effects very
efficiently and is superior to integration techniques in terms of
accuracy and cost of computation.
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Using Radiation Viewfactors

About Distribution of
Rays

Applying Radiation As
Boundary Conditions

Rays are randomly emitted from each surface in the analysis.
Typically, these are faces of elements (3-D), or edges of
elements (2-D or axisymmetric). While the origins of each of
the rays must be uniformly distributed over the areas of the
entire surface, the direction of rays are random distributed

Rays are randomly emitted from each surface

For an analysis using radiation, apply the boundary conditions
on all element edges (2-D, axisymmetric) or element faces (3-
D) involved in the radiation heat transfer computation.

Use the boundary condition parameters to control the emission

of radiation. The two boundary condition parameters for edges

and faces are:

* Temperature at Infinity (Top)—if the radiation is emitted
from a surface and does not hit any other surface or body, it
has to exchange heat with a background temperature located

at infinity.

278
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* Bottom Temperature at Infinity—for shells, the top and t
bottom edges or surfaces are treated separately. You ca

include the top and bottom of a shell element in your

. >

analysis. 3

<

<

<3

wn

o | TempemEor, o — —

>

click ON | ] =
. set D
to include o4 poriov Temegme temperature &8
and bottom CLEAR o £ }:)Oagknyrtottfntdhe 2
edges or faces 5
for shell S

elements

About Emitting and
Absorbing Roles

About Emitting and
Incident Objects

Boundary Conditions>Thermal>More>Edge Radiation

To apply radiation as a boundary condition:

1. Choose Boundary Conditions>Thermal>More.

2. ChoosepGE RADIATION (for 2-D, axisymmetric) or
FACE RADIATION (for 3-D).

3. Enter the temperatures at infinity for top or bottom

depending on the element that you choose.

All bodies could potentially be emitting radiation to other
bodies and receiving (or absorbing) radiation from other bodies.
When you set the boundary conditions, all the edges or faces
that you chose become objects and they play both emitting and
absorbing roles in a heat transfer analysis.

In the computation of radiation view factors, rays are cast at
random from each emitting object. The default number of rays
emitted for an object is 1000. For each ray emitiegr c
determines the first object (i.e., incident object) that the ray hits.
The viewfactor is computed by summing up the number of rays
hitting each object and dividing by the total number of rays cast.
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Using Radiation Viewfactors

About the Compute Use the Compute Radiation Viewfactors window to specify the
Radiation Viewfactors parameters for the computation of viewfactors.
Window

To specify the parameters, choose Jobs>Radiation Viewfactors.

your choice

e

g COMPLTT SR A TIIE Vil WTALTORS
©

-

(@]

()

o

£

2

(%]

> nlumber of
= planes

© vary with
c

<

of geometry
type

Jobs>Radiation Viewfactors
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Using Radiation Viewfactors

About the Parameters
and Related Functions

Use the following table to locate the functions of selected
parameters in the Compute Radiation Viewfactors window:

use the
To... parameter/ Additional Information
button,...

specify the TYPE 2-D and

geometric axisymmetric

type of the geometries require

computation element edges; 3-D
geometriesrequire
element faces.

activate or SYMMETRY Symmetry planesare

deactivate PLANES; defined by a position

symmetry ACTIVE; on the planeand a

plane(s) INACTIVE direction

individually perpendicular to the
plane. You can
activate up to three
planes.

specify the NUMBER Larger numbers of

number of OF RAYS raysincrease the

rays emitted accuracy of
viewfactor
computation.

start or START

restart the

viewfactor

computation
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Using Radiation Viewfactors

use the
To... parameter/ Additional Information
button,...
stop the RESET
S computation
= and reset the
©
5 controlsto
9 the beginning
c
" stop the sToP To restart the
Q computation computation without
< losing the
Z previously-
computed results,
PresssTART.
specify the FILENAME Thisfileisused by
fileto send M ARC during heat
the transfer analysis.
viewfactors
to

Before you submit an analysis job in M ARC that involves
the effects of radiation heat transfer, you should compute
the radiation viewfactors and save it in a file.
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Using Radiation Viewfactors

Computing To compute the radiation viewfactors for existing radiation
Viewfactors in boundary conditions:
Analysis

1. Choose Jobs>Radiation Viewfactors.
2. Choosethetype (geometry) based on whether you set edges
(2-D; axisymmetric) or faces (3-D) for your radiation

boundary conditions.

If you defined edges only and you click 3-D as your
choice of TYPE, the number of objects in the OBJECTS
field will be zero.

>
>
Q
<
2
(72}
=1
—
D
(@)
=
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3. If you wish to use symmetry planes, click onAcTIVE in

Symmetry Plane to activate the plane(s); usetheNoRM AL
and posiTION buttonsto define the plane(s).

4. Click FiLeENAME and specify aname of thefileto store
your resultsin.

5. Specify the number of emitted raysto be used for each
element edge or face.

6. Click sTART.

Indicating the Location ~ When you submit the heat transfer analysisthroughm ENTAT,
of the Viewfactor File the location of the viewfactor fileis providedtom ARC.

When you usethem AR c shell script to runtheanalysis, usethe
-vf filename option to indicate the location of the viewfactor file.
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Using Radiation Viewfactors

Additional Information Use the following table to find more information:

refer to
For... Chapter(s)/ in...
Section(s)...

[
=)
© the description and 12, Jobs/ Mentat 3.1
059 functions of the Radiation Command
= buttons \View Factors Reference
2
2 description of the 2: Parameters Vol. C
o RADIATION
< parameter

description of the 3: Model Vol. C

VIEWFACTOR Definition

option Options
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A: User Enhancements

List of User Enhancements

MARC New Parameters 289
MARC New Model Definition 289
MARC New History Definition 290
New User Subroutines 290

New Element Types 290
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List of User Enhancements

List of User Enhancements

MARC New These are the new parameters (See Volume C: Program Input—
Parameters Chap. 3inmARc:

Constant Dilatation (define that elements are to use cons
dilatation formulation)

Assumed Strain (improved bending behavior)
Fluid (for fluid, fluid-thermal, fluid-solid, and fluid-

sjuswaduURYUT 13SN IV

thermal-solid analysis)

Plasticity (plasticity procedure)

Elasticity (elasticity procedure)

Design Sensitivity (perform sensitivity analysis only)
Design Optimization (perform design optimization)

Extended (extended precision of reading in data)

MARC New Model These are the new model definitioiseg Volume C: Program
Definition Input—Chap. JinmARC:

Region (electromagnetic—define elements in a region)
Fixed Velocity (define fixed velocity)

Viscoelastic Exp (viscoelastic thermal expansion)

Spline (model definition—analytical surface used to
represent a deformable body)

Exclude (model definition—ignore contact with certain
regions)

Design Objective (define objective function to optimize)
Design Variable (define variable design parameters)
Design Stress Constraint (define limits on stress response)

Design Strain Constraint (define limits on strain response)
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List of User Enhancements

MARC New History
Definition

New User Subroutines

New Element Types

* Design Frequency Constraint (define limits on
eigenfrequency response)
» Design Displacement Constraint (define limits on

displacement response)

These are the new history definitiorged Volume C, Chapter
4—History Definition: Static, Dynamic, Creep Analykis.
MARC:

» Auto Step (adaptive load step control)

» Approach (move rigid surfaces into position)

» Synchronize (move rigid surfaces into position)

Here are the new user subroutingse(Molume D: User

Subroutines) inMmARC:

 UPSTRECH (definition of generalized principal stretch-
based elasticity modelSee Chap. 3)

 HYPELAZ2 (user-defined material behavi@se Chap. 3)

* UPOSTYV (user-selected post-processing of nodal variables:
See Chap. 7)

e UFINITE (finite deformation isotropic material modefse
Chap. 3)

Here are the new element typ&sg\Volume B: Element
Library—Chap. 3 availableinm ARC:

e 138 (bilinear thin-triangular shell element)

e 139 (bilinear thin-shell Element)

* 140 (bilinear thick-shell element with reduced integration)

« 142 (eight-node axisymmetric rebar element with twist)

290
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List of User Enhancements

» 143 (four-node plane strain rebar element)

» 144 (four-node axisymmetric rebar element)

» 145 (four-node axisymmetric rebar element with twist)
» 146 (three-dimensional eight-node rebar element)

» 147 (four-node rebar membrane)

» 148 (eight-node rebar membrane)
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B: Fluid Elements

Fluid Element Types

Planar Element Types 295
Axisymmetric Element Types 295
Three-Dimensional Element Types 296
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Fluid Element Types

Fluid Element Types

You can represent the fluid region in analysis using the

following element types:

o
il
=
Planar Element Types o
m
Nodes Element Type (BD
(0]
. >
3-node linear 3 7]
4-node isoparametric bilinear 11
4-node Isoparametric bilinear reduced 115
integration
6-node isoparametric triangle 125
8-node isoparametric biquadratic 27
8-node isoparametric biquadratic reduced 54
integration
Axisymmetric Element
Types
Nodes Element Type
3-node linear 2
4-node isoparametric bilinear 10
4-node isoparametric bilinear reduced 116
integration
6-node isoparametric triangle 126
8-node isoparametric biquadratic 28
8-node isoparametric biquadratic reduced 55
integration
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Fluid Element Types

Three-Dimensional

Element Types
1<) Nodes Element Type
C
(]
% 4-node tetrahedron 134
I_J; 8-node trilinear brick 7
= 8-node trilinear brick with reduced 117
" integration
0
20-node brick 21
20-node brick with reduced integration 57
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C: MARC Data Reader
Support

Supported Parameters

List of Supported Parameters 299

Supported Model-Definition Options

List of Supported Model-Definition Options 301
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Supported Parameters

Supported Parameters

List of Supported These are the parameters that the m ARc Reader currently
Parameters supports (for information on parameters, see Volume C:
Program Input, Chapter 2—Parametgrs

$NO LIST
ACOUSTIC
ALIAS

ALL POINTS
ASSUMED STRAIN
BEARING
BUCKLE
CENTROID
CONSTANT DILATATION
COUPLE
CREEP
DIST LOADS
DYNAMIC
ELASTIC
ELASTICITY
ELECTRO
ELEMENTS
EL-MA

END
EXTENDED
FINITE
FLUID
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Supported Parameters

List of Supported * FLUXES
Parameters (Contd.) FOLLOW EOR
* HARMONIC
 HEAT
* INPUT TAPE
« JOULE
* LARGE DISP
« LOAD COR
e LUMP
« MAGNETO
* NEW
* NO LOADCOR
e OLD
* PLASTICITY
* PORE
* PRINT
* PROCESSOR
 RADIATION
* RESTRICTOR
« R-PFLOW
« SETNAME
 SHELL SECT
* SIZING
* STATE VARS
e TIE
 TITLE
» TSHEAR
 UPDATE
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Supported Model-Definition Options

Supported Model-Definition Options

List of Supported These are the model-definition options that the m ArRc Reader
Model-Definition currently supports (for information on options, see Volume C:
Options Program Input, Chapter3—Model Definition Optigns

* ANISOTROPIC (Mechanical)

* ANISOTROPIC (Thermal)

« COMPOSITE

¢« CONN FILL

« CONN GENE

* CONNECTIVITY

« CONTACT (2D)

« CONTACT (3D)

« CONTACT NODE

« CONTACT TABLE

« COORDINATES

 CRACK DATA

» CREEP

 CYLINDRICAL

» DEFINE (Sets)

* DIST CHARGE (Electromagnetic)

* DIST CHARGES (Electrostatic)

* DIST CURRENT (Electromagnetic)

* DIST CURRENT (Joule Heating)

* DIST CURRENT

» DIST FLUXES

« DIST LOADS

 DIST SOURCES (Model Definition)
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Supported Model-Definition Options

List of Supported « END OPTION
g"sgg'r;ge‘ti”ition «  FILMS (Model Definition)
* FIXED DISP (Fluid)
* FIXED DISP
* FIXED POTENTIAL (Electromagnetic)
 FIXED POTENTIAL (Electrostatic)
* FIXED POTENTIAL (Magnetostatic)
* FIXED PRESSURE
* FIXED TEMPERATURE
* FIXED VELOCITY
« FOAM
« FOUNDATION
* FXORD
» GEOMETRY
* HYPOELASTIC
* INITIAL DISP
* INITIAL VEL
* ISOTROPIC (Acoustic)
* ISOTROPIC (Electromagnetic)
* ISOTROPIC (Electrostatic)
e ISOTROPIC (Fluid)
* ISOTROPIC (Heat Transfer)
* ISOTROPIC (Hydrodynamic)
* ISOTROPIC (Magnetostatic)
* ISOTROPIC (Rigid-Plastic)
* ISOTROPIC (Stress)
« JOULE
» MASSES
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Supported Model-Definition Options

List of Supported
Model-Definition
Options

MERGE

MOONEY

NODE CIRCLE

NODE FILL

NODE GENER

NODE MERGE

OGDEN

OPTIMIZE

ORIENTATION

ORTHO TEMP (Structural)
ORTHO TEMP (Thermal)
ORTHOTROPIC (Electrical)
ORTHOTROPIC (Electromagnetic)
ORTHOTROPIC (Magnetostatic)
ORTHOTROPIC (Mechanical)
ORTHOTROPIC (Thermal)
PARAMETERS

POINT CHARGE

POINT CURRENT (Joule)
POINT CURRENT (Magnetostatic)
POINT CURRENT-CHARGE
POINT FLUX

POINT LOAD

POINT SOURCE

POINT TEMP

POWDER

RESTART LAST

RESTART
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Supported Model-Definition Options

List of Supported * ROTATION A
MoquI-Deflnltlon . SOIL
Options

» SOLVER

* SPLINE

* SPRINGS

 STRAIN RATE

 STRAIN RATE

e TEMPERATURE EFFECTS (Coupled Fluid-Thermal)
* TEMPERATURE EFFECTS (Coupled Thermal-Stress)
e TEMPERATURE EFFECTS (Heat Transfer)

* TEMPERATURE EFFECTS (Hydrodynamic)

» TEMPERATURE EFFECTS (Stress)

* TRANSFORMATION

* TYING

« UDUMP

« UFCONN

* UFRICTION

* UFXORD

» UHTCOEF

« UHTCON

« UMOTION

 VIEW FACTOR

 VOLTAGE

+ WORK HARD
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D: NASTRAN Writer Data
Entries

NASTRAN Writer Bulk Data Entries

The NASTRAN bulk datafile export writes the following bulk
data entries from the current Mentat database. The data apply to
structural analyses only.

Minimum File Requirements 307

Bulk Data Cards Written by Mentat 3.3 308

Node Coordinates/ Transformations 309

Material ID’s Included in NASTRAN Geometry Cards 310
Loads and Boundary Conditions 312

Sample NASTRAN Bulk Data File 313
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Minimum File Requirements

Minimum File Requirements

Minimum File Use the following table to determine the positions and
Requirements corresponding valid entries for data files:
Position Valid Entry
At the start of the bulk data BEG N BULK
At the end of the bulk data END DATA
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Finite Element Connectivity

Finite Element Connectivity

(%)
(8]
é Bulk Data Cards These are the bulk data cards written by MENTAT:
Ucé Written by Mentat 3.3
g Mentat Element/ NASTRAN Bulk Data Notes
5 Class Entry
= LINE (2) CBAR lacks
Z orientation
|0_: information
2 LINE (3) CBEND
< TRIA (3) CTRLA3
° TRIA (6) CTRLA6
QUAD (4) CQUADA
QUAD (6) CQUAD6
QUAD (8) CQUAD8
QUAD (9) CQUAD
TETRA (4) CTETRA
TETRA (10) CTETRA
PENTA (6) CPENTA
PENTA (15) CPENTA
HEX (8) CHEXA
HEX (12) CHEXA
HEX (20) CHEXA
HEX (27) - no mapping
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Node Coordinates/ Transformations

Node Coordinates/Transformations

O

Node Coordinates / These are the corresponding data entries for node coordinates JZ>
Transformations and transformations: c_n|
Py

Mentat NASTRAN Notes JZ>

. =

node GRI D Transformations =

coordinates becomecoordinate

systems and their &)

. ID’s are included 2

transformations CORD2R k D

in eachGRI D rjrl

card. =

=

wn
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Materials and Geometry

Materials and Geometry

Material ID’s Included These are the material ID’s includedhinsTRAN geometry
INNASTRAN Geometry  cards.
Cards

Mentat NASTRAN Notes

Isotropic MAT1 no table
support; no
plasticity

Orthotropic MAT3 no table
support; no
plasticity

Anisotropic MAT9 no table
support; no
plasticity

3-D GEOMETRIES

Truss PBAR
Elastic Beam PBAR

General Beam PTUBE only circular
X-section
supported

Membrane PSHELL

Shear Panel PSHEL L

Shell PSHEL L

Solid PSCOLI D
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Materials and Geometry

Mentat NASTRAN Notes

2-D GEOMETRIES

Plane Strain PSHEL L
Plane Stress PSHEL L
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Loads and Boundary Conditions

Loads and Boundary Conditions

Loads and Boundary
Conditions

These are the corresponding NASTRAN data entries for loads

and boundary conditions:

Mentat NASTRAN Notes
FIXED SPC one card
DISPLACEMENT written per
degree of
freedom

POINT LOAD FORCE

POINT LOAD MOVENT

EDGE LOAD PLOADL one card
written per
component
(for beams
only)

FACE LOAD PLOAD only normal
pressures
written

GRAVITY LOAD GRAV

312
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Sample File

Sample File

Sample NASTRAN

=
2

: >

Bulk Data File n

|
Y

. | >

$ NASTRAN Bul k Data File created by Mentat Il zZ

$

BEG N BULK E

$ =.

$ ELEMENT CONNECTI VI TY: '(_D"

$ =

CTETRA 12 8 126 127 125 117 o

$

$ TRANSFORMATI ONS 'Q—J"

$ Q

CORD2R* 1 0 -2.200000 0. 000000 m

* -4.400000 -2.200000 4.919350 -4. 400000 =)

* -2.200000 0. 000000 -9.319350 =

$ )

$ NODAL COORDI NATES (7]

$

GRI D* 10 -1. 400000 -1. 400000

* 0. 0000000

GRI D* 20 -0.200000 -2.000000

* 0. 0000000

GRI D* 117 -2.200000 -1. 000000

* -3.2000000

GRI D* 125 -2.200000 0. 000000

* -4.4000001

GRI D* 126 -2.200000 -1. 000000

* -4. 4000000

GRI D* 127 -1. 300000 -1. 000000

* -4.4000000

$

$ MATERI ALS

$

MAT1* 1 29. 000000 0. 300000

* 1. 000000 0. 000000

$

$ GEQVETRY:

$

PSOLI D* 8 1

*

$

$ BOUNDARY CONDI TI ONS

$

FORCE* 1 125 0 1. 000000

* 10. 000000 10. 000000 0. 000000

MOMENT* 1 125 0 1. 000000

* 20. 000000 0. 000000 0. 000000

PLOAD* 4 10. 000000117 125

* 127

GRAV* 5 0 1. 000000 0. 320000

* 0. 100000 0. 100000

$

$ SERVO=

$

MPC 4 10 1 1. 00020 0 0.001

ENDDATA
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E: Command Line
Parameters

Mentat 3.3 Command Line Parameters

Table of Additional Command Line Parameters 317

MARC K7.3 Command Line Parameters

Table of MARC K7.3 Command Line Parameters 319
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Mentat 3.3 Command Line Parameters

Mentat 3.3 Command Line Parameters

m
Table of Additional Use this table to browse the command line parametersthat are g}
Command Line in addition to the parameters described in Chapter 2, Getting g
Parameters Started (See “New Command Line Parameters Featured in Mentg&;
3.3” on page 25 2
o
.
use the (DD
Operation: command Obtion Y,
To specify... line P %
parameter... 3
aspect ratio of the screen -ar frac %
that Mentat uses »
(O<frac<l)
path to menu directory -mp “menu”
(defaults to standard
location)
path to help directory -hp “help”
(defaults to standard
location)
path to directory -bp “bin”
containing executables
(defaults to standard
location)
font name -fn name
size of window -size XS, ys
procedure file to run -pr procname
when execution begins
path to the directory -ml mat
containing material
database
treat pop-up menus as -df STATIC_STA
NDALONE

independent menus,(See

“Setting Stand-Alone Stati

Menus” on page 3

read all the menu files at
startup,

-ra
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Mentat 3.3 Command Line Parameters

use the
Operatl_on: command Option
To specify... line
parameter...

bitplane threshold -ic number (6)
annotate string to X- -ti string
Windowsfile,
run Mentat without ACIS -nosolids
solids modeling code,

318
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MARC K7.3 Command Line Parameters

MARC K7.3 Command Line Parameters

Table of MARC K7.3
Command Line
Parameters

For adescription of the command line parametersinthe MARC
K7.3 shell script, refer to the following table:

sJialawelred aul| puewwo) :3

Possible
Parameter Names or Description
Values

-prog marck7 run M ARcC with or without
user subroutines;

Run saved module
“progname.marc”

-jid jidname identify job/input file

-rid ridname identify previous job for
RESTART.

-pid pidname identify job that created
temperature file.

-sid sidname identify database file for
substructures.

-user username user subroutine username.f
used to generate a new load
module.

-back |yes (default) run program in background.

no Run program in foreground.

-ver yes (default) verify the input syntax.

no don’t verify the input syntax.

-save yes save the generated or existing

module.
no (default) don't save the generated or
existing module.

-vf viewname identify viewfactor file.

-def def default input file name.
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F: Demonstration Problems

Demonstration Problems

Lists of Demonstration Problemsin MARC K7.3 323
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Demonstration Problems

Demonstration Problems

Lists of Demonstration ~ This section lists selected demonstration problems for the
Problems in MARC following optionsinmARC:
K7.3

Constant Dilatation

Design Sensitivity

e3x21f.dat—Necking of a cylindrical bar in tension

elOxla.dat—Design sensitivity of the beam geometric

T
O
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o
>
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properties of an alternator mount using element 52

elOx2a.dat—Design sensitivity of the thickness for plane

stress hole in plate problem
elOx3a.dat—Design sensitivity of elastic material properties
for the bending of a plate using element type 21
elOx4a.dat—Design optimization of the thickness for
Scordelis-Lo roof using element type 75
elOx5a.dat—Design sensitivity of ply angle lay-up for
simple composite plate

elOx6a.dat—Design sensitivity of 10 bar truss problem
elOx7a.dat—Design sensitivity of the beam geometric

properties of an alternator mount using element 14

Design Optimization

el0x1b.dat—Design optimization of the beam geometric
properties of an alternator mount using element 52
el0x2b.dat—Design optimization of the thickness for plane

stress hole in plate problem
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Demonstration Problems

* el10x3b.dat—Design optimization of elastic material
properties for the bending of a plate using element type 21

» ¢el0x4b.dat—Design optimization of the thickness for a
Scordelis-Lo roof

» e10x5b.dat—Design optimization of ply angle lay-up for
simple composite plate

» el0x6b.dat—Design optimization of 10 bar truss problem

« elOx7b.dat—Design optimization of the beam geometric

properties of an alternator mount using element 14
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Elasticity

* e7x20.dat—Compression of O-ring using 3-term OGDEN
model

* e7x20b.dat—-Compression of O-ring using 3-term OGDEN
model (includes follower force stiffness)

* e7x20c.dat—Compression of O-ring using 3-term OGDEN
model (Adaptive Meshing)

* e7x20d.dat—O-ring, using Updated Lagrange procedure -
element 10

* e7x20e.dat—O-ring, using Updated Lagrange procedure -
element 116

* er7x27.dat—Twist of a tapered rod, using OGDEN in
Updated Lagrange procedure

» e7x28a.dat—Expansion of a cylindrical tube, using OGDEN
in Updated Lagrange element type 10

» e7x28b.dat—Expansion of a cylindrical tube, using OGDEN
in Updated Lagrange element type 116
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erx28c.dat—Expansion of a cylindrical tube, using OGDE

in Updated Lagrange element type 28
e7x28d.dat—Expansion of a cylindrical tube, using OGDE |i&
in Updated Lagrange element type 55
er/x29b.dat—Holein aplate, OGDEN in Updated L agrange
procedure - element type 117

erx29_def.dat—Defaults file for problems e7x29a and
e7x29b

erx30a.dat—Damage model - using discontinuous model

Swa|goid uolelsisuowaq

e7x30b.dat—-Damage model - using continuous model
erx3la.dat—Rubber seal problem using Updated Lagrang
procedure

erx31b.dat—Rezoning of Rubber seal problem using
Updated Lagrange procedure

e8x43b.dat—Rubber Seal - ELASTICITY,2, - element 10
e8x43c.dat—Rubber Seal - ELASTICITY,2, - element 116

Plasticity

e3x19.dat—Upsetting problem using FeFp procedure
e3x21a.dat—Necking of a cylindrical bar in tension
e3x21d.dat—Necking of a cylindrical bar in tension
(Adaptive Meshing)

e3x21e.dat—Necking of a bar using FeFp procedure
e3x33.dat—Hole in plate - FeFp model - plane stress
e3x33b.dat—Hole in plate - FeFp model - plane strain
e3x34.dat—Cylinder expansion using membrane elements -
FeFp model

e3x35.dat—Cantilever beam - plane strain - FeFp procedure
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» e3x36.dat—Hole in plate - brick elements - FeFp procedure

e e3x37a.dat—Elastic Deformation in a closed loop - Jaumann
rates

e e3x37b.dat—Elastic Deformation in a closed loop - FeFp

» e3x38a.dat—\erify rotational invariance - tension w/rigid
rotation - FeFp plane stress

» e3x38b.dat—\erify rotational invarience - tension w/rigid
rotation - FeFp plane strain

» e8xl12d.dat—Bolt forging - FeFp - AUTO STEP, no rezoning

e eB8xl2dr.dat—Bolt forging - FeFp - AUTO STEP, restart of
e8x12d.dat - Rezoning

e eB8x12e.dat—Bolt forging - FeFp - AUTO STEP - Adaptive

» e8x15d.dat—-Double-sided contact - FeFp - AUTO STEP

e eB8x16b.dat—Hook with release - FeFp - AUTO STEP -
Release (Gradual method)

e e8x17b.dat—Extrusion - FeFp - AUTO STEP

» e8x18c.dat—3-D Forming of a circular blank using
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membrane elements - FeFp model
» e8x19b.dat-Indentation rolling - FeFp

» eB8x60.dat—Plane strain Brake Forming

Extended

e eB8x45.dat—Test of SPLINE option and EXTENDED -
concentric cylinders
* eB8x46.dat—Test of EXCLUDE - simple problem

Buckle (Lanczos)

e e3x16b.dat—Plastic buckling using Lanczos procedure

* edxld.dat—Shell buckling using Lanczos procedure
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Design Displacement Constraints

edx4b.dat—Buckling of a cylindrical tube using Lanczos

procedure

-

e4x9b.dat—Non-symmetric buckling of a ring using Lancz g
procedure

e4x10b.dat—Nonsymmetric buckling of a cylinder using
Lanczos procedure

e4x15.dat—Buckling of a cylinder tube using Lanczos

procedure

Swa|goid uolelsisuowaq

elOxla.dat—Design sensitivity of the beam geometric

properties of an alternator mount using element 52
el0x1b.dat—Design optimization of the beam geometric
properties of an alternator mount using element 52
el0x3b.dat—Design optimization of elastic material
properties for the bending of a plate using element type 21
elOx5a.dat—Design sensitivity of ply angle lay-up for

simple composite plate

el0x5b.dat—Design optimization of ply angle lay-up for
simple composite plate

elOx7a.dat—Design sensitivity of the beam geometric
properties of an alternator mount using element 14
el0x7b.dat—Design optimization of the beam geometric

properties of an alternator mount using element 14

Design Frequency Constraints

elOxla.dat—Design sensitivity of the beam geometric

properties of an alternator mount using element 52
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* e10x1b.dat—Design optimization of the beam geometric
properties of an alternator mount using el ement 52

» ¢el0x3a.dat—Design sensitivity of elastic material properties
for the bending of a plate using element type 21

* el10x3b.dat—Design optimization of elastic material
properties for the bending of a plate using element type 21

» elOxda.dat—Design optimization of the thickness for
Scordelis-Lo roof using element type 75

» el0x4b.dat—design optimization of the thickness for a
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Scordelis-Lo roof

» el0x7a.dat—Design sensitivity of the beam geometric

properties of an alternator mount using element 14
» el10x7b.dat—Design optimization of the beam geometric

properties of an alternator mount using element 14

Design Strain Constraints

» elOx2a.dat—Design sensitivity of the thickness for plane
stress hole in plate problem

« elOx2b.dat—Design optimization of the thickness for plane
stress hole in plate problem

« elOx5a.dat—Design sensitivity of ply angle lay-up for
simple composite plate

* elOx5h.dat—Design optimization of ply angle lay-up for

simple composite plate

Design Stress Constraints

» el0x7a.dat—Design sensitivity of the beam geometric

properties of an alternator mount using element 14
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» €el0x7b.dat—Design optimization of the beam geometric

properties of an alternator mount using element 14

Exclude

» eB8x46.dat—Test of EXCLUDE - simple problem

Parameters

» e2x18.dat—Elastic analysis of shell roof with element 22-

guadratic thick shell element
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» e3xl4a.dat—Pre-bending of a prismatic beam
» e3x23.dat—Shell roof with geometric and material
nonlinearity-element 75 AUTO INCREMENT

» edxb.dat-Large displacement analysis of pinched cylinder

» e7x3.dat—Shell roof with material nonlinearity (cracking)-
element 75

» eB8x18.dat—Sheet forming of a circular blank with Coulomb
friction

* e8x18d-3-D Forming of a circular blank using AUTO STEP

* e97a.dat—Natural convection in a square cavity (Ra:1000)

» €9x7b.dat—Natural convection in a square cavity
(Ra:10,000)

» €9x7c.dat—Natural convection in a square cavity
(Ra:100,000)

Rebar

» e2x37b.dat—Reinforced concrete beam - elements 11 & 143
* edx13a.dat—Test of rebar elements type 142
* edx13b.dat—Test of rebar elements type 144
* edx13c.dat—Test of rebar elements type 145
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* edxl4a.dat—Analysis of a thin cylinder with ply- element 18

& 147

* edxl4b.dat—Analysis of a thin cylinder with plys - element
30 & 148

Region

e e9x10a.dat—Fluid-solid - mixed approach
e e9x10b.dat—Fluid-solid - penalty approach

e €9x10c.dat—Fluid-thermal-solid - mixed approach
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* e9x10d.dat—Fluid-thermal-solid - penalty approach

e e9x1la.dat—Fluid flow over a deformable cylinder

* e9x11b.dat—Transient analysis of fluid flow over a
deformable cylinder

* e9x12c.dat—Fluid flow over a deformable cartridge and
thermal effects

* e9x13a.dat—Fluid flow in a deformable tube

* e9x13b.dat—Fluid flow in a deformable tube

Spline

e eB8x45.dat—Test of SPLINE option and EXTENDED -

concentric cylinders

Viewfactors

» ebx15b.dat—Radiation analysis using Mentat calculated

viewfactor file

Viscoelastic Exp.

e erx32.dat—Structural relaxation of a glass cube
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Adaptive (Merge)

» eB8xd4c.dat—Rolling example with ADAPTIVE, allow

element merging

Damage

» e7x30a.dat—-Damage model - using discontinuous model

* e7x30b.dat—-Damage model - using continuous model

Hypoelastic (HYPELA2)
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* e7x29a.dat—Hole in a plate, OGDEN in Updated Lagrang

procedure - element type 7

Auto Step

* e3x12b.dat—Analysis of creep ring-element 10

» e3x21f.dat—necking of a cylindrical bar in tension

» e3x33.dat—Hole in plate - FeFp model - plane stress

* edx7c.dat—deep arch analysis

» ebx8e.dat—Nonlinear heat conduction with AUTO STEP

* e7x3b.dat—Nonlinear heat conduction without AUTO STEP

* e7xdb.dat—Side pressing of a Rubber Hollow Cylinder using

» eB8xl2d.dat—Bolt forging - FeFp - no rezoning

* e8xl12e.dat—Bolt forging - FeFp - Adaptive

* eB8x13b.dat—Coupled analysis of ring compression

» e8x15d.dat—Double-sided contact - FeFp

» eBx16b.dat—Hook with release - FeFp - Release (Gradual
method)

* eB8xl7b.dat—Extrusion - FeFp

» e8x18d.dat—Sheet forming with spherical punch
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Shell to Shell Contact

» eBxbl.dat—Test of shell-shell contact for a spring problem

» eBx51b.dat—Test of shell-shell contact, and no increment
splitting for a spring problem

» eB8xb2.dat—Test of shell-shell contact - stiff hemisphere -
contacts plate

» eBx53a.dat—Test of shell contact

» eB8x53b.dat-Test of shell contact

» eBx54.dat—Test of shell contact
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Stick to Shell Contact

* eBx47.dat—Test of stick-slip model - def - rigid

» eBx48.dat—Test of stick-slip model - def-def

» e8x49.dat—Test of stick-slip friction model - rubber problem
e eB8x50.dat—Test of stick-dlip friction model - upsetting

problem

No Splitting

» e8x15c.dat—Double-sided contact - using no splitting

procedure

Load-Controlled Dies

« eB8xb5h.dat—Deep drawing of a copper sheet - loads
prescribed

» eB8xb6h.dat—Pressing of a piece - loads prescribed

New Elements

e @2x72.dat—Scordelis-Lo roof - element 138
o e2x74.dat—Scordelis-Lo roof - element 138
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* e2x75.dat—Pinched cylinder - element 138

* edx2c.dat—-Square plate under load - element type 138

* e8xb67b.dat—Adaptive meshing of simply supported squar
plate with point load element type 138

» e2x73.dat—Scordelis-Lo roof - element 139

» e2x76.dat—Pinched cylinder - element 139

* edx2d.dat—Square plate under load - element type 139

» eBx57c.dat—Adaptive meshing of simply supported squarg
plate with point load element type 139

» e2x77.dat—Pinched cylinder - element 140

sSwa|goid uolrensuowsaq o

* edx2e.dat—Square plate under load - element type 140

» eB8x57d.dat—Adaptive meshing of simply supported square
plate with point load-element type 140

* edx13a.dat—Test of rebar elements type 142

» e2x37b.dat—Reinforced concrete beam - elements 11 & 143

* e4x13b.dat—Test of rebar elements type 144

* edx13c.dat—Test of rebar elements type 145

» e2xl14b.dat—Reinforced concrete beam - elements 7 & 146

* edxl4a.dat—Analysis of a thin cylinder with plys - element
18 & 147

* edxl4b.dat—Analysis of a thin cylinder with plys - element
30 & 148
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A

absol ute distance value. See curvature-dependent di-
visions
absolute temperature shift 248
absol ute tolerance
application of 53
when to use 53
see also adaptive plotting
absolute value
for design constraints 183
see also algebraic value
absorbing role, in heat transfer analysis 279
ACIS

binary files 43

text files 43

see also Import-Export utility
activating

constant dilatation 100

extended precision input 98
activation energy/gas constant (H/R) 247
Adaptive Load Stepping procedure 92—97

about 92

associated |oadcase types 92

general parametersfor 93
adaptive plotting 52—56

changing default settings 55

default settings 55

default tolerance settings 52

pre-defined settings 56

safety features 54
added vertex 117
adding file extensions. Seefilter button 41
additive decomposition 251
Advancing Front mesher 129

checklist for 128

guad mesh 129
quad/tri mesh 129
tri mesh 129
algebraic value, putting a design constraint on 183

allowable distortion, of quadrilateral elements. See
distortion parameters

Allowed procedure, for increment splitting 164
all-quad mesh 130
Analytical Desc. Discontinuity option 147
analytical description, of a deformable body 146
annotate, string to X-Windows file 318
appendixes, about 17
applying

fixed divisionsto curves 123

restrictionsto individual curves 125
ar command line parameter 317
arrow settings 68—70

specifying arrow attributes 68

aspect ratio of the screen, command line parameter
317
associating elementswith stress or strain constraints
186
ASSUMED parameter 103
Assumed Strain formulation 102—103
activating 103
analysis classes 102
associated elements 102

AUTO STEP option. See Adaptive Load Stepping
procedure

average length, for curves 122

averaging, of nodal values 72

axisymmetric element types, for fluids 295
axisymmetric rebar elements 213

axisymmetric shells, specifying thicknessfor 181
axisymmetric with twist elements 213
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Index

B

back command line parameter (MARC) 319
back surfaces, identifying 144
backface polygons, identifying 144
backfaces. See backface polygons
biaxial deformation mode 263
Bingham fluid model 235
bitplanethreshol d, specifying asacommand line pa-
rameter 318
Body Approach parameter 160
Bottom Temperature at Infinity parameter, for con-
trolling emission of radiation 279
boundary conditions, for fluid analysis 226
bounds
for design constraints 182
for design variables 178
Box Pick method. See picking nodes
bp command line parameter 317
breaking curves 118
when to use 126
see also matching curves
brick rebar elements 213
brown side, of a 3-D rigid surface 144
browsing. Seefile browser
buckle solutions, using Lanczos method 90—91
about 90
parameters 90

bulk data entries, for NASTRAN writer. See NAS-
TRAN writer

bulk relaxation tests, computing 272

C

calibrating quasi-static, stress-strain response
curves 261

Carreau fluid model 235

centrifugal loads 231

centroid 71

Centroid option, for rigid bodies 149

changing the default parameters. See Numerical
Preferences option 104

Check Curves option 119

Check Surfaces option 120
checklist, for meshers 128
choosing aresolution 66
cleaning curves and surfaces. See repair geometry
cleaning, loops
2-D curveloops 115
surface loops 116
clearing curve divisions 127
coefficients, of energy relaxation tests 272
color codes, in contact analysis 144
Color Print button 63
command line
description of parameters 26
minimum requirements 26
submitting an actual job 26
command line parameters 25, 317
command/button sequence 18
common retained node 75
composite design variable
about 177
using 179
Constant Dilatation parameter 100—101
when to use 100

CONSTANT parameter. See Constant Dilatation
parameter

constant strain amplitude, form of experimental data
262
contact 139-170
contact analysis
components of 141
physical bodies 142
separation procedures 141
Contact Areas option, to indicate contact region 156
contact bodies, types of 142
contact body release, types of 159

contact body, choosing atype of 143
contact control

injobs 161

user subroutines for 162
contact distance, in contact table 154
Contact Heat Transfer Coeff. button 152
contact information

applying to jobs 161

applying to loadcases 158

336
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Contact Tables option 154
contact tolerances 163
continuous contour lines 72
Continuous Damage model
about 268
checklist for 269
control tolerances, for coupled analysis 241
controlling load steps. See Adaptive Load Stepping

procedure
controlling the emission of radiation, boundary con-

ditionsfor 278
conventions, in this guide 18
convergence testing parameters, for solid region in
coupled analysis 242
Coons patches 147
correcting orientation of contact bodies 145
cost, minimizing. See design objective
Coulomb friction model 167
Coulomb-for-Ralling friction model 167
coupled analysis 100
coupled analysis considerations, for fluid analysis
233
coupled analysis, using rigid surfaces 152
creating a view snapshot 57
curvature-dependent divisions
applying 124
benefits of 123
curve divisions 122—128
curvature-dependent 123
defaults 127
fixed average length 123
menu 122
types of 122
curve facetting. See adaptive plotting, default set-
tings
curve geometry, checking 119
curve intersection, setting tolerance values for 120
curve, expanding elements along 136
curves
breaking 118
modifying 117
splitting 117
curves, drawn and actual. See Adaptive Plotting fea-
ture

cusp points 117

D

damage models
considerations for data sets 269
setting control parameters 268
dashpot
values 76
see also springs/dashpots
datatypes. See Import-Export utility
def command line parameter (MARC) 319
define contact bodies 141

defining nodal vectors. See user-defined post vari-
ables
deformable bodies

analysis parameters 145
discrete and analytical descriptions 146
meshing 145
deformation mode, form of experimental data 262
Delaunay mesher
about 133
advantages of 133
using 133
deleting file extensions. See filter button.
density
of mesh 133
design constraints 173, 182—193
applying to related loadcases 176
types of 182
design objective 173
design optimization
applications of 174
components of 173
design sensitivity and optimization 173—206
design variables 173, 177—181
linking and unlinking 177
picking 177
types of 177
detected loops 125
determining contact tolerances 141
determining number of segments 54
df command line parameter 317
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Direct Profile solver. See solver options

Direct Substitution procedure, for solution control
241

directed

relative rotation 184

relative trandation 185

rotation 184

translation 184
direction cosines. See vector direction
directories. Seefile browser.
discontinuous contour lines 72
Discontinuous Damage model 268
discrete description, of adeformable body 146
Discrete Kirchoff theory. See Element 138
displacement design constraints

about 182

removing from anode 184
displaying

changesto files 41

directories or files 41
distance tolerance bias value 163
distortion parameters

about 130

al-tri mesh 130

practical valuesfor 130

range of values 130

specifying 130
documentation

additional MARC K7.1 documents 21

online 21

online help 20

printed 20
dots per inch (dpi) 64
double elements with nodes, associating 215
DXF

entity summary 45

options 45, 47

summary reports 45

version number 45

see also Import-Export utility
dynamic viewing 33

rotating aview 34

translating aview 34

using the Alt key (for UNIX systemsonly) 33

zooming aview in 34

E

edge loads 229
edge radiation, menu 279
edge segment length. See curvature-dependent divi-
sions
eigenfrequency analysis. See design constraints
eigenfrequency design constraints 182
eigenvalue constraints
setting 187
types of 187
units of frequency 187
elastic data, considerations for 252
elastomer analysis. See experimental datafitting
element extrapolation 71—72
components of 71
methods 71
options 72
element types
new in MARC 290
see also fluid element types 290
elements
adding or removing, for stress or strain
constraints 186
see also new shell elements
elements, associating with a 3-D membrane or shell
211
emitting roles, in heat transfer analysis 279
energy relaxation tests, coefficients for 272
enhancements
MARC K7.1 15
Mentat 3.1 15
entity 177
entity summary, for VDAFS 49
Environment Sink Temperature button 152
equispaced, forms of data 262
Exclude Segments option 157
expanding elements along a curve 135—137
experimental data fitting 260—273
about 260
applying material coefficients 266

338
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damage models 268
deciding on amode 266
determining the material coefficients 265
experimental tests 261
forms of data 262
reading in experimental data 261
viscoelasticity model 270
EXTENDED parameter. See extended precision in-
put
extended precision input 98—99
about 98
activating 98
format changes 99
extrapolating, integration point values 71
Extrapolation feature, for experimental data fitting
267

F

face loads 230
facets, of arrows 69
FIDAP. See Import-Export utility
file browser 3941
about 39
buttons 41
operations 39
files
name and location of 40
pathname of 40
selecting 40
filter button 41
fixed 123
fixed divisions for curves 122
Fixed Velocity option 226
flipping elements, curves and surfaces 145
fluid analysis 217—243
about 221
boundary conditions 226
initial conditions 232
loadcases for 238
material properties for 234
options 222

types of 221
fluid element types 225, 295—296
fluid models. See viscosity models
fluid properties, assigning 235
fn command line parameter 317
font name, specifying as acommand line parameter
317
font size, increasing 66
FORCDT user subroutine 227
forcing, even or odd divisions 125
format changes. See extended precision input
fraction parameter 248
free curves, removing 114
Frequency Difference feature 187
Friction Coefficient option 145
friction coefficient, in contact bodies 154
friction model, specifying for contact 142
friction models
about 166
types of 166
Full Newton-Raphson procedure, for solution con-
trol 241

G

gaps in loops. See cleaning loops
generalized plane-strain rebar elements 212
Generalized Power Law fluid model 235
generating, meshes 109
geometry

adding or removing 114

checking 119

summary information 119
geometry design variable 177

types of 180

using 181
GIF 57
glass transition temperature (Tg) 247
glass-type materials. See Narayanaswamy model
Gradual option, for removing forces 159
gravity loads 231
Gray button. See PostScript plotting attributes
grayscale, run Mentat in 25
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guidelines
for 2-D and surface meshers 128
guidelines, for loops 128

H

Hardware Sparse solver. See solver options

help directory, specifying path to 317

high setting. See adaptive plotting, pre-defined set-
tings

higher 1D, of a contacting body 165

history definitions, new in MARC 290

hollow cross-section 180

hollow elements, with uniaxial stiffness. See rebar
elements

hourglass stiffness matrix. See Element 140 210
hp command line parameter 317

HYPELA and HYPELAZ2, about 257
hypoelastic properties, user subroutines for 257

ic command line parameter 318

ID Contact button 144

I-DEAS. See Import-Export utility

identify (MARC command line parameter)
database file for substructures 319
job that created temperature file 319
job/input file 319
previous job for RESTART 319
viewfactor file 319

IGES
summary report 47

see also Import-Export utility
IGESinput file

getting acolor 47
space curves 47
specify atolerance 47
version number 47

Image Postscript menu. See PostScript plotting at-
tributes

Import-Export utility 42—50
export feature 43
import feature 42
importing aMARC datafile 51
incident surfaces 277
increasing font size 66
increasing strain amplitude, form of experimental
data 262
increment splitting options 164
individual curves, applying restrictionsto 125
individual modes, prescribing frequencies for 187
initial conditions, for fluid analysis 232
Initial Velocity option 150
input geometry considerations 127
input/output (1/0). See file browser operations
integration point values 71
inter-element averaging. See nodal averaging
interface closure distance, in contact bodies 154
interior side
for 2-D contact analysis 144
for 3-D contact analysis 144
intersecting loops 120
IRISRGB 57
isolate, an element 71
Iterative procedure, for increment splitting 164
iterative procedures, for solution control 241

J

jid command line parameter (MARC) 319
jobs, contact control in 161
JPEG 57

changing default attributes 60

creating view snapshot file 59

default attributes 60

Quiality button 60

setting file attributes 59

image file Smoothing button 60
setting attributes 63
image files
printing 62
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K

Kachanov Factor coefficients, computing 268

L

Lanczos method. See buckle solutions, using Lanc-
zos method
large-strain formulation 252
layer thickness 180
length, for preprocessing arrows 68
limitations, on large displacements of solids 233
linking design variables 177
links 75—85
multiple springs 76
resetting program parameters 84
types 75
UFORMS subroutine 85
listing elements with a 3-D membrane/shell ele-
ments 211
load stepping criteria
about 94
for element information 94
for nodal values 94
settings bounds for 95
specifying multiple ranges for 96
types of 94
load, as rigid body mation control 151
L oadcase option, for contact analysis 158
loadcases, for fluids 238
log file, creating 25
lower 1D, of a contacting body 165
Lumped Mass method 222

M

MARC Data Reader support 297
model-definition options 301
parameters 299

MARC Input. See Import-Export utility

matching curves
about 126

when to use 126
see also breaking curves
material design variable 177
material mass, minimizing. See design objective
material properties, for fluid analysis 234
maximum depth. See adaptive plotting safety fea-
tures
Mean-Normal procedure, for plasticity modeling
251
membrane rebar elements 213
Mentat entity summary. See DXF options
menu files, read at startup. See command line pa-
rameters
menu system
enhancements 28
resizing windows 29
stand-al one static menus 30
window parenting 31
mesh generation 109—134
mesh, projecting in the direction of a curve 135
meshers
Advancing Front 129
Delaunay 133
minimum depth. See adaptive plotting safety fea-
tures
missing surfaces. See trimming surfaces
Mixed method 222
mixing formats. See extended precision input
ml command line parameter 317
Moda Frequency feature 187
mode, for all arrows 68
model definitions, new in MARC 289
modes, prescribing separations between 187
modifying, curves 117
Monte Carlo method, of viewfactor computation
277
Mooney-Rivlin formulations
about 255
considerations for 255
motion control, of rigid bodies 149
MOTION subroutine. See user subroutines, for con-
tact control
mp command line parameter 317
MS-Windows BMP 57
multiple springs. See links 75
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multiple ties 76
multiplicative decomposition 251

N

N to 1 option 75

N to N option 75

Narayanaswamy model 247—250
applying model parameters 248
mechanical material types 247
parameters for 247

NASTRAN writer, bulk data entries 305
bulk data cards 308
finite element connectivity 308
geometry cards 310
loads and boundary conditions 312
material ID's310
minimum file requirement807

node coordinates and transformati@09

sample bulk data fil813
NASTRAN. See Import-Export utility
negative side, setting bounds 88
new enhancements, in MARC
element type290
history definitions290
model definitions289
parameter289
user subroutine290
new shell element209—211
Element 138 209
Element 139 210
Element 140 210
new stress or strain constraints, setting 186
Newtonian fluid model 235
Next button, using to ignore separation 166
nodal averaging 72
Nodal Force method, usage 167
Nodal Stress method, usage 167
nodal ties 76
node a midpoaint, creating 138
node lists 80, 86—89
indicating end of list 86

node ID’s87
specifying86
node number, associated with the rigid surfiske
node pat86—89
picking 88
specifying 88
storing 89
nodes, excluding 157
non-equispaced data set 269
normal stress on aplane 185
nosolids command line parameter 318
Numerical Preferences option 104—105
about 104
associated analysis classes 104
NURB description. Seerigid bodies, description

O

objective. See design objective
Ogden formulations
about 255
considerations for 255
open loop 120
OpenGL graphic system, using. See command line
parameters
operations
for cleaning loops 115
for geometry repair 113
optimization. See design sensitivity and optimiza-
tion

P

Page Height button. See PostScript plotting at-
tributes
Page Width button. See PostScript plotting attributes
PARAMETER model definition option 105
parameters
command line 317
parameters, new in MARC 289
parenting of windows 31
path, specifying as a command line parameter
to directory containing executables 317
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to directory containing material database 317
to help directory 317
to menu directory 317
PATRAN. See Import-Export utility
penalty function 223
Penalty method 222
physical bodies, in contact analysis 142
picking nodes
box pick 87
polygon pick 87
pid command line parameter (MARC) 319
planar element types, for fluids 295
plane normal, specifying 184
plane-strain rebar elements 212
plasticity modeling 251—-254
element considerations 253
types of procedures 251
plotting PostScript image files 62—67
ply angle 180, 215
point at midpoint, creating 138
point loads 228
polar decomposition 258
Polygon Pick method. See picking nodes
pop-up menus, treating as independent menus. See
command line parameters
position, as rigid body maotion control 151
positive side, setting bounds on 183
POST model definition option 107
post-processing of nodal variables. See user-defined
post variables
PostScript 57
creating the view snapshot file 58
plotting attributes 58
saving afile 59
sending an image fileto a printer 59, 63
specifying printer destinations 63
Power Law fluid model 235
pr command line parameter 317
pressure degree of freedom. See Mixed method
previously-applied curve divisions, removing 127
procedure file 25
procedure file to run, specifying as acommand line
parameter 317

prog command line parameter (MARC) 319

R

ra command line parameter 317
Radial Return procedure, for plasticity modeling
251
radiation viewfactors 277—284
radiation, applying as a boundary condition 278
radius, of hollow cross-sections 180
ray distribution, for viewfactor computation 278
rebar elements 212—216
about 212
identifying 213
orientation of single strain members 212
types of 212
rebar orientation 215
relative
rotation about a vector direction 184
translation paralel to avector direction 185
relative tolerance. See adaptive plotting
relaxation spectra 270
relaxation table, using 271
relaxation, form of experimental data 262
releasing nodes in contact 159

removing parent attributes. See parenting of win-
dows

repair geometry 113—121
operations 113
Repetitions button 136

Report Files button. See VDAFS options
rescan. See file browser

resolution, of PostScript images 64
response quantities. See design sensitivity and opti-
mization

retained node per constraint 76
retained nodes 75, 76
rid command line parameter (MARC) 319
rigid bodies

about 148

description 152

meshing of 148

motion control of 149
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Index

rigid body 142
rigid body, with heat transfer 142
root window 29
rotating aview. See dynamic viewing
Rotation Axis option, for rigid bodies 149
rotation tensor (R) 258
run (MARC command line parameter)
program in background 319
program in foreground 319
program with or without user subroutines 319
run Mentat, without A CI S solids modeling code. See
command line parameters
running MARC 26
running Mentat 3.1 25

S

save command line parameter (MARC) 319

save the generated or existing module, MARC com-
mand line parameter. See save command line
parameter

scaling, length of arrows. See arrow settings

SDRC model 46

segments, excluding. See Exclude Segments option

Sel Composite button 180

selecting afile. See file browser

sensitivity. See design sensitivity and optimization

separated nodes, preventing re-contact of 159

separation force, in contact table 154

separation procedures 165

separations per increment 166

SEPFOR subroutine. See user subroutines, for con-
tact control

SEPSTR subroutine. See user subroutines, for con-
tact control

servo links 76

constraint equation 80

using the N to 1 feature with 80

using the N to N feature with 81
setting a design space 177
setting PostScript image file attributes 63
Shear friction model 166
shear relaxation tests, computing 272
Shear-for-Rolling friction model 166

shell scripts 26
sid command line parameter (MARC) 319
single-sided contact, using 165
size command line parameter 317
size of window, specifying as a command line pa-
rameter 317
dlipping conditions 168
small displacements of solid, in fluid analysis 233
small-strain formulation 252
Snapshot button. See creating a view snapshot
solid arrows 69
solution control, of fluid analysis 241
solver options 225
specific heat matrix, lumping. See Lumped Mass
method
spline, through the nodes 147
Split Curves command 117
splitting curves 117
springs
N to N springs 76
springs/dashpots
menus 77
using the N to 1 feature with 82
using the N to N feature with 83
USPRNG subroutine 82
Staggered procedure. See weakly coupled
stand-alone static menus 30
steady state fluid problem, prescribing final veloci-
ties 227
steady state, fluid loadcase type 238
step ratio, for adaptive load stepping 94
Stick-Slip friction model 167
Stick-Slip option
about 168
available parameters 168
strain design constraints 182
stress design constraints 182
stress rel axation table 270
stretch tensor(U) 258
strongly coupled 222
Suppressed procedure, for increment splitting 164
surface facetting. See adaptive plotting, default set-
tings
surface geometry, checking 119
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surface parametric space 116 U
symmetry bodies 153
symmetry planes, in viewfactor computation 281 UCONTACT subroutine. See user subroutines, for

symmetry rigid body 142 contact Cor}trol _
synchronized approach, in contact analysis 160 UFRIC subroutine. See user subroutines, for contact

control
UHTCOE subroutine. See user subroutines, for con-
tact control
T UHTCON subroutine. See user subroutines, for con-
tact control
Table Propertiesfeature, in contact tables 154 undo, box or p0|ygon p| ck 87
tangential force, at previousiteration 169 UNEWTN user subroutine, for fluid analysis 243
Temperature at Infinity parameter, for controlling uniaxial data, for curve fitting 261
emission of radiation 278 uniaxial, deformation mode 263
thermal expansion property, in Narayanaswamy Unlinked button 177
model 249_ ) ) Updated L agrange procedure 255
thermo-rheologically simple materials 247 UPOSTV subroutine
three-dimensional element types, for fluids 296 activating 106
ti command line parameter 318 additional information 107
tied nodes 76 Upper Bound button 178
TIFF 57 ) ) user command line parameter (MARC) 319
tolerance options, for curvature-dependent curve di- user enhancements. list of 289291
visions 124 '

user subroutines

for contact control 162

new in MARC 290
User-Defined fluid model 235
user-defined post variables 106—107

tolerance value

for curve intersections 120

for intersecting loops 121
tolerance, in adaptive plotting 52
topology information. See geometry

touching bodies

about 155

selecting 155 V
transient parametersfor fluid analyses, applying 240 | i ng | GES entities. See IGES options
transient, fluid loadcase type 238 variables. See design variables
translating a view. See dynamic viewing VDAFS
tr_ansl ating data types. See Import-Export utility Mentat entity summary 49
tri-mesh version number 49

shape 133 see also Import-Export utility

size 133 vector direction, specifying 184

transition 133 velocity

o see also meshers asrigid body motion control 150

trimming, surfaces 114 prescribing at nodal points 226
tying types 78 velocity asinitial condition, in fluid analysis 233

ver command line parameter (MARC) 319
verifying the input syntax in MARC, command line
parameter for 319
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Index

vertex tolerance 126
vf command line parameter (MARC) 319
View Snapshot feature 57—60
viewfactors
about 277
computing 280
emitting surfaces 277
viscoelastic materials
thermo-rheologically ssmple 247
viscoelastic thermal expansion property 249
viscosity models 235
volume, minimizing. See design objective

W

wall thickness, of hollow cross-sections 180
weakly coupled 222

window manager attributes 31

wireframe arrows 69

work-hardening data, considerations for 252

X

X-Origin button. See PostScript plotting attributes

Y

Y-Origin button. See PostScript plotting attributes

Z

Z-component, for Foam models 263
zooming aview in. See dynamic viewing
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