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Preface

The purpose of this manual is to introduce the first time user to the Mentat program. The
User’s Guide covers the basics of the program and helps the novice user in becoming
comfortable with Mentat through a number of examples.

Organization of this Manual

This manual is divided into two parts:

Part | introduces the user to the basics of the program and provides information that |
the user interact with Mentat.

Part Il consists of a seriessaimple sessionsthat provide the user with hands-on experienct
with the functionality of the Mentat program.

Contents of the Chapters

PART |
Chapter 1

Chapter 2
Chapter 3

Chapter 4

Chapter 5

Chapter 6

Introduction, provides information on the basic steps of the finite element analysis
cycle and on how Mentat is used as a tool to accomplish these steps.

M echanics of Mentat, describes the user interface aspects of the program

Background Information, expands on the common features of Mentat and describ
some of the underlying philosophies of the program.

Getting Started, introduces you to Mentat with a simple example of how to create
finite element model.

A Simple Example, introduces you to use Mentat and MARC to perform a complet
linear elastic analysis of a rectangular strip with a hole subjected to tensile loading
Both the preprocessing, analysis, and postprocessing steps will be demonstrated.

Solid M odeling and Automatic Meshing, introduces you to use Mentat to perform
solid modeling and subsequent automatic meshing.

Mentat User’'s Guide iX
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PART Il SAMPLE SESSIONS

Chapter 7 Tube Flaring
A simple deformable to deformable body contact problem is the focus of this chapter.
Emphasisis placed on specification of the contact bodies and the interpretation of the
results by means of a history diagram.

Chapter 8 Container
An aluminum container under internal pressure is used to demonstrate the snap through
behavior of its arched bottom. Animation of the deformation and the development of
plastic strain during the snap through processiis featured in the postprocessing section
of this chapter.

Chapter 9 Manhole
A cylindrical tank, penetrated by another cylindrical tank of smaller radiusthat is
positioned perpendicular to the first cylinder, is put under internal pressure. Contouring
thevon Mises stress on the structureis shown in the postprocessing section of thischapter.

Chapter 10  Tire
A smpletwo-dimensional model isused for an exploratory analysis of an automobiletire
coming into contact with the rim of awheel. Subsequently, athree-dimensional model is
used to determine the foot print of thetire asit comes into contact with the road.

Chapter 11  Transmission Tower
A beam structure ismodeled and subjected to variousloads. A dynamic analysisisused
to extract the modal shapes of the structure.

Chapter 12 Importing a M odel
An IGES format model is read and meshed using the automatic mesh generator
capability.

Chapter 13  Punch
A punching processis simulated. The two-dimensional model features contact and
large plastic strain and residual stresses.

Chapter 14  Bracket
A supporting bracket is modeled. The bracket is subjected to several static loads. The
natural frequencies are calculated and the bracket is subjected to an earthquake history.

Chapter 15  Cooling Fin
A cooling fin isanalyzed to determine the effectiveness of the design. The heat lossin
the structure with the fin is compared with the heat loss in the structure without the fin.

X Mentat User’'s Guide
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Documentation Conventions

Listed below are some font and syntax conventions that are used to make the information
in this manual easier to understand:

» Names of buttons that appear on the Mentat screen are in UPPER CASE.
e Literal user input and program promptsareincour i er font.

» Names of processorsareindicated in BOLD UPPER CASE.

* A carriage return keystroke is indicated by <CR>.

* Theleft mouse button isindicated by <mL>.

» The middle mouse button is indicated by <mm>.

* The right mouse button is indicated by <MR>.

* The mouse cursor isindicated by <#>.

* A filename implies a concatenation of pathname and filename. The pathname may
be omitted if the filename isin your current directory.

Mentat User’'s Guide Xi
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Introduction

Welcometo Mentat - agraphical user interface program that allows you to execute afinite
element analysis process from start to finish.

Step 1 CONCEPTUALIZATION <«— Determine what
to include in analysis

Step 2 MODELING ~&— Preprocessing

¢

Step 3 ANALYSIS

¢

Step 4 INTERPRETATION ~4— Postprocessing

\

Meet
criteria?

Step 5 ACCEPTANCE

Figure 1-1  The Analysis Cycle

Mentat User’'s Guide 1-1
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Brief Look at the Finite Element Analysis Process

1-2

In order to enhance your understanding of Mentat, we will review the finite element
analysis cycle before introducing you to the mechanics of the program. The finite element
analysis cycleinvolvesfive distinct steps asis shown in Figure 1-1. This process may be
traversed more than once for aparticular design; that is, if the results do no meet the design
criteria, you can return to either the conceptualization (Step 1) or modeling (Step 2) phase
to redefine or modify the process.

Thefive distinct steps of the finite element analysis cycle provide the foundation for this
guide. In order to improve your productivity, this guide has been designed to focus your
attention on two steps of thefiniteelement analysiscycle: Step 2, the model generation phase,
and Step 4, resultsinterpretation phase.

Typica engineering problems are used in this guide as a vehicle to demonstrate the key
features of Mentat. Steps 2 and 4 of the analysis cycle, modeling and results interpretation,
were the pacing parameters for the selection of the example problems. The engineering
problems were further selected to meet two criteria:

1. tointroduce you to the intricacies of generating amodel in avariety of ways,

2. to demonstrate a diversity of analysis types so that you become familiar with as
many different capabilities of Mentat as possible. The analysis will be performed
with the general purpose finite element program MARC. Within the graphical user
interface the complete input requirements can be specified.

The dimensionality of each object prescribes the technique used to generate a model and
display the results. Accordingly, the finite element models have been grouped by
dimensionality and in many casesthe complexity of the model correspondsto dimensionality.
From thisyou could conclude that once you know how to solve three-dimensional problems,
you also know how to solve one-dimensional problems. However, unique features of one-
dimensional objectsrequirethat we cover examples of that particular topology. For example,
it isdifficult to contour a quantity on line elements. With thisin mind, the geometry and
analysistypes, such as hest transfer, statics, or dynamics, have been selected to minimize
duplicity in this guide.

Themateria coveredinthistutorial isvery basic and should be easy to access and understand
for thefirst time user. Once you have worked through the sample sessionsin Part |1 you should
feel comfortable enough to do a complete analysis smply by extrapolating from what you
have learned from the example problems.

Mentat User’'s Guide
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Mechanics of Mentat

Chapter Overview

Before you get started with Mentat you need to know how to communicate with the
program. The goal of this chapter is to give you an overview of how Mentat works and to
provide you with the basic information to interact comfortably with the program. Upon
completion of this chapter you should have a clearer understanding of the following areas:

m  Thebasic window layout
m  How Mentat communicates with you
m  How you communicate with Mentat

m  Themenu system

Mentat User’'s Guide 2-1
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Mentat Window Layout

The starting point for all communication with Mentat is the window shown in Figure 2-1
that appears at the start of the program.

Dynamic Graphics
Menu

Static Menu

Dialogue Status

N J

Figure 2-1  Basic Mentat Window

The Mentat window that appears on your screen is divided into three major areas:
m Graphics
= Menu
m Dialogue

The graphics areais used to display the current state of the database. When you start
Mentat, the graphics areais blank to indicate that the database is empty.

2-2 Mentat User’'s Guide



Mechanics of Mentat Mentat Window Layout

The menu areais reserved to show the selectable menu-items and is divided into two sub-
areas, the static and dynamic menus. The contents of the dynamic menu area change as the
menu-items are selected. In contrast, the static menu isaways present and containsitemsthat
are applicable and selectable at all times.

Thedialogue areaisascrollable areaof about five visible lineswhere all program prompts,
warnings, and responses appear, and where the user can input data or commands. Within
the dialogue area is the status area which is reserved to communicate the state of the

program to the user. Either wor ki ng or r eady appearsin the status area to reflect the
current state of the program.

Mentat User’'s Guide 2-3
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How Mentat Communicates with You

2-4

Mentat communicates with you via prompts and messages and other visual queues.

Mentat’s prompts urge you to take action through the input of data or commands. These
prompts have 3 types of trailing punctuation marks to indicate the required type of input:

enter numeric data;
> enter a character string, typically acommand, file name or set name;
? enter aYES or NO answer.

If you misspell akeyword or enter an incorrect response, Mentat warns you through a
message posted in the dialogue area. Mentat does not require that you complete every
action you initiate. For example, if you are prompted for afilename, and you change your
mind, entering a<CR> instead of typing in the filenamewill tell Mentat to abort the action.
If the program iswaiting for alist of itemsto operate on, and instead you enter acommand
that also requires alist of items or any additional data, Mentat will ignore your original
request and process the command. If the command you enter does not request additional
data, you are returned to the original data request from before the interrupt.

The program assumes at all times that you want to repeat the previous operation on anew
set of itemsand will prompt you for anew list to operate on. Thisprocessrepeatsitself until
you indicate otherwise, typically by entering a new command or a<CR>.

Mentat User’'s Guide
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How You Communicate with Mentat

All interaction with Mentat isdone through the mouse, keyboard, or acombination of both.
This section first discusses the usage of the mouse, followed by a discussion on how to use
the keyboard as a means to enter commands and data.

The Mouse

The mouse is used to select items from the menu area or to point at itemsin the graphics
area. It isimportant to make a distinction between using the mouse in the menu areaversus
the graphics area because the three mouse buttons have very different functionsin each
area. Figure 2-2 isagraphical representation of the mouse, mouse buttons, and
corresponding cursor.

Cursor, <"\>

X
(o)

Figure 2-2  The Mouse, Mouse Buttons, and Corresponding Cursor

- J
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As mentioned under Documentation Conventionsin the Preface, we have devel oped name
conventions for each mouse button. The left button is represented by <ML >, the middle
button by <M M >, and the right button by <M R>. The movements and |location of the mouse
arevisually communicated to the user by the mouse cursor whichis represented by a <t> in
thisguide.

Depress refers to the action of pressing a mouse button and keeping it depressed until we
explicitly ask you to release it. Click refers to a quick single depress-release action.

Using the Mouse to Select a Menu Item

To select a menu item with the mouse, move the <*> over the item that you want to select
and click the<M L >. Toreturn to the previous menu, movethe <*> over the menu area, and
click the <M R>. Alternatively, you can click on the RETURN button in the menu area
using <M L>. Clicking on the MAIN button takes you to the main menu.

On-line Help

Animportant companion for novice usersin Mentat isthe on-line help feature. Each menu
item has a help panel with a short description and explanation of the function of that menu
item. To activatethe help feature, position the <*> over the menuitem on which you require
help, followed by aclick of the <MM>. The help panel disappears the moment you select
another menu item.

Using the Mouse to Point

2-6

The mouseis used in two ways to operate in the graphics area: to point to, or pick, existing
items as well asto point to, or pick, the location of yet to be created items.

1. Theneedtoidentify existing items displayed in the graphics area occurs frequently
during a user’s interaction with the Mentat program. The mouse is used for this by
moving the <*> over the item to beidentified followed by aclick of the<ML>. In
the remainder of the manual we describe this action by clicking on an item. If you
inadvertently click on an item, you can undo that action by clicking the <M M >
anywhere in the graphics area.

Mentat User’'s Guide



w 2 Mechanics of Mentat How You Communicate with Mentat

4 N\
Use this button,
<MM>

for on-line help

: N
Use this button,
<ML>

for command selection Y

( Use this button, }

<MR>
for RETURN

\

(S /

Figure 2-3  Using the Mouse in the Menu Area

At times, you will need to identify more than asingleitem. A list of items must be
terminated by aclick of the <M R> with the <*> positioned anywhere in the

graphics area. Alternatively, you can click onthe END LIST button in the menu area
using <ML>.

2. Inorder to use the mouse for creating a new item you need to define the relation
between the position on the graphics screen and its location in global coordinates.
In Mentat, it is possible to define a grid that is positioned in space and where the
grid consists of points that can be pointed to. If you click in the vicinity of agrid
point, the coordinates of the item that you created will be snapped to that grid
point. In addition, you can aso pick an existing node, point, or surface-grid-point
to specify alocation.

Mentat User’'s Guide 2-7
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Use this button,
<MM>
to undo last pick

J a Use this button, }

to pick

Use this button,
<ML>

<MR>
for end of item list

\

- J

Figure 2-4  Using the Mouse in the Graphics Area

Keyboard Input

Not all datacan be entered through the mouse; numerical and literal data must be entered
viathe keyboard. The program mode prescribes the specific requirements for proper entry
of each type of data. The program can be in data mode or in command/liter al data mode
and is described under the following two headings.

Numerical Data

2-8

You must use the keyboard for numerical data entry. The program interprets the data entry
according to the context in which it is used. If the program expects areal number and you
enter an integer, Mentat will automatically convert the number to its floating point value.

Conversely, if afloating point format number is entered where an integer is expected, the
program will convert the real number to an integer.

Scientific notation for real numbersis alowed in the following formats:

.12345e01
. 12345e01
-0.12345e-01

Mentat User’'s Guide
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The interpreter does not allow imbedded blanks in the format. Whenever the program
encounters an illegal format, the messagebad f | oat! will appear in the dialogue area.
The prompt for numerical dataisacolon (:).

Literal Data

Literal datais used for file, set and macro names. A literal data string may not be
abbreviated. Commands as introduced in the beginning on page 2-4 are considered string
data (as opposed to literal string data) and can be abbreviated as long as the character
string is unique within the Mentat command library. For example, *add_el enent s
cannot be abbreviated to * add because of the other commands that start with the same
characterssuchas*add nodes and*add_cur ves. The program checks the input for
validity against the internal library of valid responses. For example, if you enter an
ambiguous or misspelled command, Mentat responds by listing all the valid entries that
start with the samefirst letter of the command. The prompt for literal datais a greater-than
symbol (>).

If the program is in data mode which isidentified by the : prompt, you must enter a

command preceded by an * (asterisk) to instruct the program that you are entering a
command.

For example: Enter node (1): *add nodes

If you enter acommand without the asterisk when the program is in data mode, Mentat
responds with an error message in the dialogue area.

The asterisk can be omitted when the programisin command or literal datamodewhichis
indicated by the greater-than symbol (>).

For example: Command > add nodes

Editing the Input Line

Mentat User’'s Guide 2-9
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2-10

The experienced user can enter asequence of commands or requestsin asingle 160- column
input line. Note that anything typed beyond the input line limit islost! Use <CR> to avoid
this. You must use ablank space to separate entries when you are entering multiple responses
onasingleinput line. All entriesin the buffer are processed sequentially.

Mentat maintains a history of lines that are entered and offers limited recall and editing
capabilities for the command line. The arrow keys [Jand [J on the keyboard can be used to
scroll up and down in the dialogue area to make these lines visible. Use CTRL-p (that is,
hold down the CTRL key and press the p key) to recall apreviously entered input line.
Repeat the CTRL-p sequenceto recall as many lines as you need. Use CTRL-n to move to
the next line in the history of command lines. (By the way, p and n stand for previous and
next respectively in these control sequences.)

Edit functions for the current line are: backspace for character delete and CTRL-u for line
delete. The left and right arrow keys are used to position the cursor at the desired location
to overwrite or insert characters. The TAB key is used as atoggle to switch from insert to
overwrite mode and vice versa. For example, if youtype* vi ew _vi ewpont 0.0 0.0
1. 0, the program responds with the message unknown comrand in the dialogue area.
To correct the entry, recall the line using CTRL-p, use the left arrow key to move the cursor
totheletter n of vi ew vi ewpont , pressthe TAB key, type i , and press <CR> to enter
the line. The command will now be* vi ew _vi ewpoi nt .
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Menu Structure

This section focuses on the menu system as ameansto communicate with Mentat. Thefirst
sub-section discusses the structure of menus that constitute the program. The second sub-
section analyzes the components of each menu.

Menu System

The kernel of the Mentat program consists of a set of processorsin aparallel configuration
that operate on the database. The database is the most compact, yet complete, description
of the current state of the model you are analyzing. Typical examples of processors are
SUBDIVIDE and PATH PLOT.

Every processor may depend on a number of parameters that influence the process. The
combined number of processorsand parametersin Mentat istoo large to show in one menu.
To help you in the scheduling of tasks, we have structured menus around the processorsthat
lead you through the steps from top down. Figure 2-1 shows you the organization of the
main menu that appears when you start Mentat and how it corresponds to the main tasks of
the analysis cycle depicted in Figure 1-1 of the first chapter.

For your convenience, the menu items have been grouped in panels by the four main tasks:
preprocessing, analysis, postprocessing, and configuration. The menu items and sub-tasks
on each of these panels represent yet another group of corresponding tasks. It isimportant
torealizethat most of the menusfor the global tasksdo not contain processors; these menus
are for navigation purposes only and are not part of the kernel of the program!
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Figure 2-5  Organization of Main Menu

A task and corresponding sub-task is selected by clicking on a menu item of that menu.
After the (sub-)task is accomplished, it is necessary to traverse the menus in the opposite
direction. There are two ways to do this:

1. Click on the RETURN or MAIN menu items in the static menu area.
RETURN takes you to the previous menu and MAIN takes you to the main menu.

2. Movethe <t*> over the menu areaand click the <M R>. The result of this sequence
is equivalent to clicking on the RETURN menu item.
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Menu Components

This section describes the anatomy or different components of the Mentat menu and the
meaning of each component.

Understanding the definition of components will help you to use the menu system in a
proficient manner. We have already mentioned that the menu items are grouped into panels
by task and related sub-tasks. Each menu has atitle that describes its task.

Positioned on the panel are flat and raised rectangles. The raised rectanglesin the released
state suggest alight shining directly from above. Thetask is printed on the raised rectangle
and is selectable by clicking on it with the <ML >. Flat rectangles are not selectable; they

convey the setting of parameters. The program does not respond to clicking the <ML > or

<M M > on theflat rectangles.

Mentat contains 5 types of raised rectangles. Throughout the remainder of this document
we will use the term button for raised rectangle. Below is alist of the different types of
buttons and their functions.

The Submenu Button

As mentioned before, this button represents a gateway to a submenu. It is recognized by a
> symbol on the right hand side of the button.

The Cycle Button

A cycle button is used to set aparameter to avalue when thereis a choice of three or more
aternatives. The parameter is set to the value that is currently displayed on the button.
Clicking on this button will change the displayed value to the next consecutive value in the
list of alternatives. If the list is exhausted, the process will start over again with the first
aternative. This button isidentified by a [1 symbol. Note that the symbol is indicative of
the unidirectional way the list of alternativesis traversed.
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The Toggle Button

A special type of cycle button is the toggle button where the number of aternativesis
limited to two. It isaswitch that connotates a state of on or off; abutton is depressed to flag
on or active, and released (or raised) to flag that the listed parameter is off or inactive. This
button isidentified by a o symbol.

The Tabular Button

A tabular button represents a combination of a parameter button and aflat rectangle. They
show one or more numerical or alpha-numerical values that are associated with the
parameter represented by the button. Clicking on this button type usually implies that you
have to enter data through the keyboard, which is then displayed in the rectangular fields
after the keyboard input is completed.

Tabular buttons may contain a large number of numerical data fields. There are instances
where the tabular buttons pop-up over the graphics area. If thisisthe case, you need to
confirm that all entries have been completed by clicking on the oK button. Before returning
to regular menu selection, you can clear all entries by clicking on the RESET button which
usually appears in the lower left hand side of the panel. The pop-up table then disappears
from the graphics area and the original graphicsareaisrestored. Typical examples of these
compounded tabular buttons can be found in the boundary conditions and material
properties menus.

The One-Only Button Group

The alternative values of cycle buttons are also represented as individual toggles under a
one-only button group. In acycle, only one value can be selected, henceif abuttonin aone-
only group of buttonsis depressed, another is released. The one-only button sequence is
identified by a = symbol shown on each button of that sequence.

Asatypical example of amenu, the Coordinate System panel of the Mesh Generation menu
as shown in Figure 2-6 will be discussed. These buttons are also summarized in Figure 2-10.
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COORDINATE SYSTEM

O

|CLEAR MESH | ||CLEAR GEOM |

Figure 2-6  Coordinate System Panel

The GRID button isatoggle; it can be switched on or off. The default position for this button
isthe raised or released state which meansthat the grid is off. Clicking it will turn the grid
on and leave the button in a depressed state.
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/GR.D ] lm\

Grid off Grid on

Figure 2-7 Released and Depressed States of a Toggle Button

The button next to it displays RECTANGULAR and has the [1 symbol whichimpliesacycle.
In contrast to the toggle, acycle button has more than two val ues. In thisexamplethe button
isan adjective to grid and specifies the type of grid to be used. Again, in contrast to the
toggle, this button will not stay depressed. A click on this button changes the value of the
parameter displayed on the button. The default value, RECTANGULAR, is changed into
CYLINDRICAL. Clicking on it again changes the value to SPHERICAL, to be followed by
RECTANGULAR again if thisis repeated.

For threeitemsin the cyclelist thisis still aviable way of setting the value of a parameter.
If there are more than three, it becomes a tedious task to cycle through the alternatives.
Thereforeyou will often find asubmenu button combined with acycle button. For example,
the SET button is a gateway to a submenu as can be seen by the > symbol. By clicking on
the SET button you are taken to a submenu where the cycle that describes the type of grid
to be used is represented by a one-only group of buttons.
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Figure 2-8  Example of Simple Tabular Buttons

Figure 2-8 gives you examples of tabular buttons that are found in the SET submenu.
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The following table summarizes the different types of buttons found in the Mentat menu.

Panel Title Panel
Submenu
Indicator
D P D .

BUTTON NAME > Button

Tabular

NAME VALUE Buttons

Cycle

CYCLE V Button
TOGGLE O TOGGLE O Released

Depressed

E One-Only
—— Group of

= Buttons

Figure 2-9  Summary of Mentat Menu Buttons
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List Specification

Menu Structure on page 2-11 discussed the difference between menu buttons that are used
to navigate through the menus and buttons that represent processors. Processors generally
require two types of data:

» Parameters associated with the process

* A ligt of items to operate on.

If thelist to operate on consists of only oneitem, you can use the mouseto point to that item
on the graphics screen (see page 2-6 on pointing). If the list of items contains twenty items,
pointing to each item individually becomes a cumbersome task and; if the list contains a
hundred items, pointing becomes an impossible task. This section concentrates on the
capabilitiesin Mentat to specify alist of items.
The Mentat program recognizes the following items:

* Points

* Curves

* Surfaces

* Solids

* Vertices of solids

 Edges of solids

* Faces of solids

* Nodes

* Elements

 Edges of elements

* Faces of elements.
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List Specification

A smple example of how to generate alist follows. You can then extrapolate from what you
have learned in this section to do more intricate examples. Assume you want to subdivide an

existing element that is aready displayed in the graphics area of the Mentat window. The
processor to use is SUBDIVIDE, and it operates on e ements only.

MESH GENERATION DYNAMIC MENU AREA

COORDINATE SYSTEM

GRAPHICS AREA

DIALOG AREA

Figure 2-10 Locating the SUBDIVIDE Processor in the Mesh Generation Menu
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After you activate the SUBDIVIDE processor and click on the ELEMENTS button in the
subdivide submenu, the following program prompt appears in the dialogue area:

Ent er subdi vide el enent |ist:

Chances are that you don’'t know the element number (nor should you care at this point).
For this reason, answering this question by typing a number in the dialogue area may be
possible but is not necessarily aviable option. Instead, move the mouse over the graphics
areaand usethe <ML > to click on the center of the element. You have now entered the first
element in thelist. The program keeps prompting you for more elements; if thisisthe only
one you want to subdivide, you must let the program know that this is the end of the list.
This can be done in one of three ways:

1. Pressthe END LIST button in the menu area,
2. Typea'# signin the dialogue area, or
3. Click <MR> with <*> anywhere over the graphics area.

The most convenient way of ending the list isof course to click <MR> sincethe <*> is
most likely already over the graphics area and saves you a keystroke from the keyboard.

Using a Box to Specify a List

Suppose the number of subdivisions was set to 20 by 20, creating 400 elements. Assume
you want to enter the left 200 elementsin alist by creating a rectangle to fence in those
elements. Position the <*> at one of the corners of the box. Depress the <M L > and move
the <*> to the opposite corner of the box you want to create. Therectanglethat appearstells
you exactly which elements are included in the box. Once you have reached the desired
position, release <M L >. Every element that is completely inside the box isincluded in the
list specification.
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Step 1: Position the cursor

)

Step 2: Hold down the <ML> and drag the cursor to the desired position

ﬂ [\

Step 3: Release the <ML> button

Figure 2-11 Selecting an Element Using the Box Pick Method
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There aretimeswhen you may need the guidance of cross hairsto help you determine what
isto beincluded in your selection. To activate the cross hairs, press the SHIFT key while

moving the <*> in the graphics area.

Note:

You can relax the completely inside constraint mentioned previously by using the PARTIAL button on
the picking panel under DEVICE.

Using a Polygon to Specify a List (CTRL Key + <ML>)

An alternative to using the box pick for list specification isto use a polygon around the
elementsthat you want to includein thelist. Aswith the box pick method, only those elements
that are compl etely inside the polygon are entered into the list. To use the polygon pick, move
the<*> to the first corner point of the polygon. Click <M L> while holding down the CTRL
key on the keyboard. Move to the next vertex of the polygon and click <M L > again, continue
to hold the CTRL key down. Repest this process until aclosed loop isformed. The last point
needs to bein the vicinity of the starting point and must be clicked on to end the selection. A
variation on this polygon pick isthe lasso pick. Thisis done by holding down the CTRL key
and the <M L > down simultaneously while dowly moving the mouse, until the elementsto be
selected are surrounded by the lasso. With either approach, afina click on <ML > isrequired
at the position near the beginning of the polygon or lasso.

Note:

The PARTIAL and COMPLETE buttons mentioned under the Box Pick Method also apply to the
Polygon Pick Method.

Table 2-1 at the end of this chapter summarizes the mouse selection options in both the
graphics and menu areas.
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Press key, and click <ML>

at each vertex of
the polygon

Polygon pick . ___.—iﬂ‘—'-

4
4
4
4
4

N,

Figure 2-12 Selecting an Element Using the Polygon Pick Method

The LIST Buttons

For your ease of use, we have pre-programmed some of the more common list options and
assigned them buttons which are located in the lower left hand side of the static menu.

The LIST buttons are:
all: EXISTING
all: SELECTED
all: UNSELECTED
: VISIBLE
all: INVISIBLE

all: OUTLINE (all nodes and edges on the outline)

al

all: SURFACE (all nodes, edges and faces on the outer surface)
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Press key, and hold <ML> down

while dragging the <t>
until a closed loop is
formed around the
elements to be selected

Lasso P "—-5,\'

\:§,~'\&/
~

Figure 2-13 Selecting an Element Using the Lasso Pick Method

All: EXISTING

Perhaps the most used list button isall EXISTING. It specifies all existing elements, nodes,
curves, points, or surfaces (whichever isapplicable), to be operated on by the processor that
requested the list.

The contents of the selected/unselected, visible/invisible list are determined by the two
operators: SELECT and VISIBLE. The meaning of each and their connection isexplained in
the next paragraphs.

All: SELECTED/UNSELECTED

The SELECT operator is avery powerful way to separate specific items from others. The
methods by which items are selected range from a single item to a path of nodes, a box of
items, or all items on aplane, and are connected by Boolean operators such as and, except,
invert, and intersect. An example of this syntax is:

(use) single [items] and (a) box (of) [items] except single [items]

where the words use, a, of, and item are implied because they do not appear as buttons. A
powerful feature of the SELECT processor isthe ability to nameagroup of items, and refer
to them by that name in list specifications. The STORE command facilitates this process.
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Figure 2-14 Location of LIST Buttons

All: VISIBLE/INVISIBLE

Sometimes the model may be so complex that it takes an unacceptably long time to update
the graphics screen every time the database changes. It is advantageous to focus on the
items that you are working on. By activating and deactivating items from the display list,
you can minimizethe itemsthat are displayed. Note that activating or deactivating does not
imply that they are removed from the database. The PLOT processor facilitates this
activation and deactivation process by using the VISIBLE and INVISIBLE commands.

2-26 Mentat User’'s Guide



Mechanics of Mentat List Specification

Table 2-1 and Table 2-2 summarize the functions of the three-mouse buttons in the graphics
and menu aress.

Table 2-1 Mouse Button Functions in Graphics Area
<ML> <MM> <MR>
single pick or box unpick end of list
pick
single pick or box unpick end of list
SHIFT pick with cross
hairs
polygon pick or unpick end of list
CTRL lasso pick
Table 2-2 Mouse Button Functions in Menu Area
<ML> <MM> <MR>
command on-line help return
selection
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Identifiers
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In many applications, an identifier is associated with a group of data. These applications
include material properties, link properties, geometric properties, boundary conditions,
initial conditions, tables, transformations, beam sections, |loadcases, and jobs. Theidentifier
can be any name, if noneis given a default name is given. These id names are then
referenced in other commands. The use of idsis detailed below.

When using many of the menus, the following buttons will appear.

\NEW | ‘NAME | \REM | ‘EDIT |
NEW

creates anew entry in thelist of applications and makes it the current application.

NAME

allows you to provide a name to the current application.

REM

removes the current application id and the associated data.

EDIT

displays a list of the id’s and allows you to select a particular id. The selected id beco
the current one.
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selects the previous id and makesit the current application.

selects the next id and makes it the current application.
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Background Information

Chapter Overview

The purpose of this chapter isto give you an overview of the most common Mentat features.
These features recur throughout the sample sessionsin the last part of this guide. For
example, all sample sessions contain a mesh generation step.

You may find it helpful to use the information in this chapter as a supplement to Part 11 as
you work through the example problems. The order in which the common Mentat features
are described in this chapter is based on the preprocessing, analysis, and postprocessing
sequence of the finite element analysis process.

The key features discussed in this chapter are listed below.
m  Mesh generation

— mesh entities

— geometric entities

— direct meshing technique

— geometric meshing technique

®  Boundary conditions, initial conditions and links
m Material and geometric properties

m  Contact

m Loadcases and jobs

m  Results interpretation
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Mesh Generation

3-2

The preprocessing task is considered a significant part of the finite element analysis
process. In fact, at timesit may be the most complex and time consuming part of the entire
job. For thisreason it isimportant that you use the conceptualization phase as indicated in
Figure 1-1 to determine in advance what the objective of your analysisisand what answers
you are seeking since both factors strongly influence the choice of your model.

Mentat distinguishes two techniques to build a mesh. The first is the direct or manual
approach where you generate finite elements from bottom up. The second isthe geometric
approach where the model isfirst generated using geometric entities followed by a
conversion step in which these entities are converted to finite elements. The two techniques
are by no means mutually exclusive and often the best results are obtained by alternating
between the two.

Thefollowing guidelineswill simplify the task of generating a mesh using either one of the
available methods.

Plan your model.

Plan your model carefully and take thetimeto formulate a strategy. Thiswill save youtime
and resources.

Look for symmetry and duplication.

Many structures exhibit some form of symmetry. Look for the simplest component of your
model. Also look for duplicates (or close duplicates) of another portion, and use the
SYMMETRY or DUPLICATE processor.

Select a logical origin.

The lower left corner of your model or drawing is not necessarily the best location for the
origin. Take some time to examine the model for an origin that makes the creation process
easier. For example, if amodel is symmetrical about ahole in aplate, consider placing the
origin at the center of the hole. You may change the location of the origin within the same
session while generating your model.
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Choose a logical coordinate system.

The default coordinate system in Mentat isrectangular Cartesian. A cylindrical or spherical
coordinate system may be more suitable for a particular model.

Create 1D and 2D before 3D.

For many structures often the best mesh generation strategy isto createfirst a1D and/or 2D
mesh and to drag it into a 3D mesh using the EXPAND processor.

Mesh Entities

¢Smarc
LINE(@) = = == < LINE (3)
2 nodes 3nodes
TRIA (3) A ATRIA(G)
3 nodes 6 nodes
4 nodes 6 nodes
QUAD(8) ¢ « «  +QUAD (9)
= Y
8 nodes 9 nodes
X
1

Figure 3-1  Element Classes

Two types of mesh entities can be distinguished: nodes and elements.
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Nodes

Nodes are characterized by three coordinates and symbolized by a O on the screen. When
nodes are attached to a geometric entity, the symbol o isused instead.

Elements

Elements consist of element edges and element faces and are defined by a sequence of
nodes. The number of edges, faces and nodes depend on the element class. Mentat employs
awide variety of element classes which are identified in Figure 3-1 and Figure 3-2. The
CHANGE CLASS processor alows you to change the class of existing elements. The
button CLEAR MESH in the mesh generation menu enables you to remove all mesh entities
from the database. When elements are drawn in wireframe mode, the faces are indicated
with a cross and the first edge isindicated with a half-arrowhead.

&S Marc
/AN
TETRA (4) = TETRA (10)
PENTA (6
© PENTA (15)
=1 1
HEX (8) |y | X
® | b e HEX (1)
Qz;des t
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20 nodes l 7 X
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Figure 3-2  Element Classes
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During the mesh generation phaseit is not required to make a decision on the element type
to be used. Only the element classisimportant at this stage. For instance: planar elements
can be used to model aplanar or an axisymmetric structure. In the phase of the analysistype
definition it has to be decided if the element is axisymmetric, plane stress or plane strain.

Geometric Entities

The building blocks of the geometric mesh technique are points, curves, surfaces and
solids.

Points

Points are characterized by three coordinates and symbolized by a’+’ on the screen.

Curves

The following curve types can be used to define curves: line, polyline, tangent, arc, fillet,
circle, cubic spline, interpolate, Bezier curve, NURB curve, and composite curve.

Theline curveisastraight line ssgment between two points, the polylineisaconcatenation
of linear line segments through a series of points. The tangent is a straight line tangent to
an existing curve. The arc curve is part of acircle and 5 methods are available to specify
this circle segment. The fillet curve creates an arc between two curves. Thecircle curveis
acomplete circle and can be specified in two ways. The cubic spline and the interpolate
curve pass through a series of points (a curve fitting technique). The Bezier curve and
NURB curve can be used to define more general curves. The composite curve enables
joining several previously defined curves.

Surfaces

Currently Mentat recognizes the following surface types which can be specified directly:
quad, ruled surface, driven surface, cylinder, Bezier surface, NURB surface, sphere, swept
surface, interpolate, coons, and skin surface.

The quad surface is the most simple surface definition asit is defined by 4 (non-collinear)
points. The cylinder surfaceis acone which is defined by the coordinates of two pointson
the axisand two radii. The sphere surface is defined by the center and the radius. The ruled
surfaceis spanned by afamily of straight lines between two curves. Both the driven and the
swept surface are generated by dragging a curve along another curve. Theinterpolate,
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Bezier and NURB surfaces are logical extensions of the interpolate, Bezier and NURB
curves. The coons surface is created from a closed boundary consisting of 4 curves. The
skin surface is created through alist of curves.

You can aso generate axisymmetric surfaces by revolving a curve about the local y-axis
using the REVOLVE processor.

In addition, the CAD interfaces allow Mentat to read in trimmed surfaces.

When you display acurve or surface, you often see a crude representation of that entity on
your screen. We emphasize the word representation here. By default, the resolution of a
curveis set to 10. The curve is represented by 10 straight line segments. For small curves,
thismay be sufficient to give theimpression of asmooth curve. For larger curves, however,
10 subdivisions may not be sufficient. You can change the resolution by increasing the
number of divisionsin the DIVISIONS submenu of the continued part of the PLOT menu. Be
aware that increased resolution requires more time for the program to draw the curve.

Solids

A solid isavolume which is bounded by a number of faces. Solid faces are bounded by
edges and solid edges are bounded by solid vertices. Mentat offers five basic solid types:
block, cylinder, sphere, torus, and prism.

Theblock entity isarectangul ar block which is defined by the coordinates of acorner point
and three dimensions. The cylinder entity isasolid cone which is defined by two points on
the axis of revolution and two radii. The sphereisdefined by the center point and the radius
and the torusis defined by the coordinates of the center and the two radii. The prismis
defined by two axis points, aradius, and the number or prism faces.

The basic solids can be manipulated through the SOL I DS processor. First a series of
boolean operations such asUNITE, SUBTRACT, and INTERSECT can be used to modify
the basic solid entities. In addition, the BLEND and CHAMFER operations exist to make
smooth transitions between various faces.
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Geometric entities can be converted to other geometric entities using the CONVERT or
SOL DS processor. This alows the following conversions:

curve polyline curve
curve interpolated curve
surface polyquad surface
surface interpolated surface
solid vertex point

solid edge curve

solid face trimmed surface

trimmed surface solid face

The button CLEAR GEOM in the mesh generation menu allows you to remove all geometric
entities from the database.

The Direct Meshing Technique

Elementsare used as the basi ¢ building blocksto generate a coarse mesh that can be refined
later using the tools provided by Mentat specifically for this purpose. This approach is
particularly suitable for adomain with asimple geometry. The direct meshing techniqueis
not based on an algorithm but consists of the enumeration, by you, of the most coarse mesh
that still represents the desired geometry. Use the ADD button of the element and node
panels in the mesh generation menu to define the building blocks.

Once you have generated a coarse model, you can refineit (locally) to the desired level
using the SUBDIVIDE processor. You can expand the model to a higher dimension using
the EXPAND processors. The processors DUPLICATE, SYMMETRY, and MOVE
alow scaling, trandation, rotation and duplication of part of the model. The processors
RELAX and STRETCH are available to relocate nodal points based on a given element
connectivity. Removal of duplicate nodes or elements is achieved through the SWEEP
processor and renumbering of the mesh can be performed with the RENUMBER option.
CHECK allows specific checks on the correct definition of the mesh.
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OmMarc

A

Figure 3-3  Example of a Coarse Mesh

The direct mesh generation process in Mentat is athree step procedure:

Step 1 Generate nearly correct coordinates and fully correct connectivity.
Subdivide and refine the initially specified elements where necessary.

Step 2 Modify the boundary nodes for exact boundary coordinates.

Step 3 Redistribute the internal coordinates to create reasonably shaped or
relaxed elements.
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The Geometric Meshing Technique

The basic building blocksfor thistechnique are geometric entities rather than mesh entities.
The geometric entities available in Mentat are points, curves, surfaces, and solids. They
may be converted to mesh entities after you have completed the geometric model. This
approach is more complex than the direct meshing technique as it involves the extra layer
of geometric entities. However, the advantage of the geometric meshing technique is that
increased complexity isoffset by increased flexibility in generating geometries of complex
shape. It isimportant to differentiate mesh entities from geometric entities; for example, a
two-noded line element is not the same as aline curve, and anodeis not the same as a point.

Convert

To change the geometric model to a finite element mesh, you may convert the geometric
entities to finite elements. For instance, curves can be converted into line e ements and
surfaces into quadrilateral elements. The following conversions are possible:

point node
curve line elements
surface quadrilateral elements

The ATTACH processor isavery powerful tool to put nodes on a curve or surface. Please
note that after a CONVERT operation the resulting nodes have been attached to the
geometric entity.

Automesh

Mentat contains as optional products automatic mesh generators which generate finite
element meshes on solids, on trimmed surfaces and within curvesi

Typically, 3 steps can be considered.
1. Clean up and repair of the curves (coming from a CAD tool)
2. Set the curve divisions which basically controls the mesh density

3. Automatic generation of the mesh
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Three classes can be distinguished for the automatic meshers:
1. 2D PLANAR MESHING

2. SURFACE MESHING

3. SOLID MESHING

Both the 2D Planar and the Surface meshing have several alternatives for creation of a
mesh. All meshers with exception of the OVERLAY mesher use the seed points defined in
the CURVE DIVISIONS menu.

The OVERLAY processor allows you to describe the geometry by its boundary instead of
asurface. This can be applied either to a planar structure or atrimmed surface. You may
use any curve type available in Mentat to specify the boundary. (This also impliesthat a
combination of curvetypesis permitted.)

The TRI MESH! mesh generator creates triangular elements, on atrimmed surface or within
curvesin aplane. Either the Delaunay technique or the Advancing Front technique can be
used.

Triangular Mesh

The QUAD MESH! mesh generator creates quadrilateral elements on the faces of asolid, on
atrimmed surface or within curvesin a plane based on an Advancing Front technique.
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Q Boundary Description

Meshed Interior using Overlay

Figure 3-4  Overlay Mesh

\
|
[ T 11 -
L] I W W W

Quadrilateral Mesh
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In addition, mixed triangular and quad elements can be generated using the Advancing Front
technique.

The two solid meshers use the surface mesh created with the above mentioned meshers as
input. The TETRA MESH! mesh gener ator createstetrahedral elementsin asolid volumeor
within a volume bounded by triangular elements. The HEXMESH! generator creates
hexahedral solid elementsin a volume spanned by the surface mesher.

Tetrahedral Mesh

What Constitutes a Good Mesh?

3-12

Unfortunately, this question can only be answered a posteriori. Only when the analysisis
complete, and a convergence study conducted, isit possible to quantify the answer to this
question. A priori qualifications, although often necessary, are generally not sufficient.

Elements haveideal shapeswhen thereislittle or no error in the numerical computation of
individual stiffness matrices. It would be convenient if triangles were always equilateral,
quadrilaterals always squares, and hexahedra always cubes. However, it is almost
impossible to model complex systems with a mesh of ideally shaped elements. Therefore,
it isadvisable to match the mesh density to stress gradients and deformation patterns which
imply that elements vary in size, have unequal side lengths and are warped or tapered.

With the above in mind, the remainder of this section will concentrate on afew guidelines
you can use to determine the quality of a mesh. These guidelines are aspect ratio,
distortions, and transitioning.
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Aspect Ratio

The element aspect ratio is the quotient between the longest and the shortest element
dimensions. Thisratio is by definition greater than or equal to one. If the aspect ratio is 1,
theelement isconsidered to beideal with respect to thismeasure. Acceptablerangesfor the
aspect ratio are element and problem dependent, but arule of thumb is:

AR < 3for linear elements
AR < 10 for quadratic elements.

Elementswith higher-order displacement functions and higher-order numerical quadrature
for a given displacement function are less sensitive to large aspect ratios than linear
elements. Elementsin regions of material nonlinearities are more sensitive to changesin
the aspect ratio than those in linear regions. If a problem has a deflection or stress gradient
dominant in asingle direction, elements may have relatively large (10) aspect ratios,
provided that the shortest element dimension isin the direction of the maximum gradient.

Distortions

Skewing of elements and their out-of-plane warping are important considerations.
Skewness is defined as the variation of element vertex angles from 90 degrees for
quadrilaterals and from 60 degrees for triangles. Warping occurs when al the nodes of
three-dimensional plates or shells do not lie on the same plane, or when the nodes on a
single face of a solid deviate from a single plane.

Transitioning

Two types of transitioning exist. The first type is the change in e ement density in the
direction of the stressgradient. The greatest refinement isthen in the region with the highest
gradient. A good tool to apply to thistype of transitioning is biased subdivision.
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A high gradient region
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L

Figure 3-5 A Biased Mesh

The second type is transverse transitioning, which is used between element patterns with

different densities across a transverse plane.
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Figure 3-6 A Transition Mesh

If amodel requires transverse transition regions, they should only be used in low-stress
gradient regions, never near regions of maximum stress, deflection, or other regions of
interest. The REFINE option in Mentat allows you to create a transition region.

Note:

Within the framework of the CONTACT option, MARC and Mentat allow the automatic
connection of two different parts which do not have common nodal points. Thus, various parts
in the structure can be modelled with different mesh densities without the need for transition
regions.
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Boundary Conditions, Initial Conditions, and Links

The BOUNDARY CONDITIONS processor is used to define the boundary conditions
applied to the model in order to perform the analysis.

Mentat distinguishes the following groups of boundary conditions:
* Mechanical
* Thermal
* Joule
* Acoustic
* Bearing
* Electrostatic
* Magnetostatic
* Electromagnetic

Depending on the analysis class, boundary conditions must be taken from one of these
groups. An exception to this rule is the coupled analysis, for which both mechanical and
thermal boundary conditions may be defined. The following boundary condition types can
be found in the Mechanical submenu:

* Fixed displacement
* Fixed acceleration
* Point load

» Edgeload

* Faceload

* Global load
 Gravity load

* Centrifugal load

* Fluid drag

» Edge foundation
* Face foundation
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* State variable
* Nodal temperature
» Release nodes

The specifications of the boundary conditions and associated parameters, along with the
location, are grouped in one menu. The application of boundary conditions can best be
thought of as an answer to the question: “Apahat, where, and when”.

Everywhat requires a list specification farhere and possiblyvhen. It will be clear that
fixed displacements are applied to nodes as are point loads. Edge loads are applied to
of elements, while face loads to faces of elements, etc. For specificationnbietiegart
we refer back to the beginning of Chapter 2.tst Specification. If nodes have been
attached to a curve or surface, it is also possible to apply the boundary conditions to
curve or surface. The associated nodes, element edges or element faces will inherit t
boundary condition.

An important consideration of tlvehen part is that one is defining potential boundary
conditions, based upon a unique boundary conditions id. The boundary conditions ar
applied in an analysis, unless they are selected in@#DCASE processor, and the
loadcase is selected in th®BS processor or unless they are selectadi@g\L LOADS in
theJOBS processor. Note that boundary conditions can also be specified as a functiol
time through th@ABLE option.

Note:

It is important to apply the correct number of boundary conditions. Too many will cause the
system of equations to become over constrained; too few will cause a rigid body mode.
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In addition to the boundary conditions, often a set of initial conditions can be present.
Examples of these aretheinitial velocity inadynamic analysis, and theinitial temperaturein
aheat transfer analysis. Theinitial conditions can be defined inthe INITIAL
CONDITIONS processor.

Similar to boundary conditions, one defines here only potential initial conditions. They
become active only if they are selected as INITIAL LOADS in the JOBS processor.

For specific analyses, it can be required to set up constraint equations between various
components of the boundary conditions. Also springs can be present between two nodes.
The LINK S processor allows the definition of constraint equations and links or dashpots.
(Note that springs are not associated with element behavior.)

Mentat User’'s Guide



w 3 Background Information Material and Geometric Properties

Material and Geometric Properties
Virtualy al of the required material datafor an analysis with MARC may be entered
through Mentat. The program recognizes the following material data:
* |sotropic
* Orthotropic
» Anisotropic
* Hypoelastic
* Mooney
* Ogden
* Foam
* Soil
* Powder
* Heat transfer
* Joule heating
» Acoustic
* Bearing
* Electrostatic
* Magnetostatic

* Electromagnetic

Note that for a coupled analysis the heat transfer material type must be combined with one
of the mechanical material types.

In Chapter 2 on List Specification explains how to apply material datato elements. The
MATERIAL PROPERTIES processor in the main menu facilitates the application of
material constants and functions to elements.
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Both in the Orthotropic and the Anisotropic material type, direction dependent material
constants have to be defined. These material propertiesare usually defined in aloca material
axis system. The ORIENTATION processor allows specification of the material axis
system. In addition, the COM POSI TE processor is available to define layered shell
structures with different (direction dependent) properties and thicknesses.

Truss, beam, plane stress, plane strain, axisymmetric, membrane, plate, and shell elements
are based on theoriesthat are limiting cases of the general continuum theory. Shell theory,
for instance, requiresthe shell element to have athickness. Thisthickness (although strictly
speaking a part of the geometry) does not enter into the mesh generation phase. This data
isentered throughthe GEOMETRI C PROPERT I ES processor. Other element typeshave
similar properties such as areafor truss elements and moments of inertiaand local axis
systems for beam elements.

For some element types, special options may be flagged in order to get more accurate
results. For instance, the classical 4-node plane strain element is known to give atoo stiff
behavior if the element is subjected to bending. By selecting the assumed strain
formulation, the element type is modified into a description with improved bending
behavior. If for the same element the material behavior is nearly incompressible, also the
constant dilatation formulation hasto be selected. These special optionsare aso definedin
the GEOMETRIC PROPERTIES processor.

Furthermore, the data for the MARC gap/friction elements can be entered here.
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Contact

A very powerful analysis capability in the MARC program is the automatic contact
analysis. The boundary nodes and segments for agiven set of elementswill be determined
and when the analysisrequires it, automatically the boundary conditionsto be applied will
be adapted. Mentat supportsthisanalysis capability completely. It allows definition of both
deformable and rigid bodies, friction and thermal contact.

A deformable contact body is defined by alist of elements. A rigid contact body is defined
by curvesfor 2D applications and surfaces for 3D applications.
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The CONTACT processor in the MAIN menu allows the definition of the following tasks:

— CONTACT BODIES: defining the contact bodies, the properties of the contact body a
allowing a graphical verification if the bodies are defined correctly.

— CONTACT TABLES: defining for which bodies contact will be checked, local friction
coefficients, local separation forces, and heat transfer coefficients. Also here it car
specified that the so-called glued contact will occur, which implies automatic coupl
of different parts.

— CONTACT AREAS: defining for which subset of the nodes in a contact body contact w
be checked.
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Note that smilar to Boundary and Initial Conditions, both the CONTACT TABLES and
CONTACT AREAS only define potential different applications of these options. They will only
be applied if they are selected in the LOADCASE or the JOBS processor.

Loadcases and Jobs

3-22

Linear finite element analysisis characterized by aforce-displacement relationship that only
containslinear terms. The system of equations always produces aunique solution. In contrast,
nonlinear analysis does not guarantee a unique solution. In fact, there may be multiple
solutionsor no solution at all. Thetask of providing analysisdirectives (i.e. controls by which
the program will cometo asolution) isfar from simple. Solving nonlinear equationsis an
incremental and iterative process.

A linear static mechanical analysis with a known external load can be performed in one
step. If nonlinearities are expected, it may be necessary to apply the load in increments and
let each load increment iterate to the equilibrium state, within a specified tolerance, using
aparticular iteration scheme such as Newton-Rhapson. Also the complete load history
might consider of a number of load vectors, each applied at a specific time in the load
history. Each (set of) loads to be applied in a specific time period can be considered as a
loadcase. A job isthen the subsequent performance of various loadcases. In thisway, the
complete loading history can be defined. Note that aloadcase is not necessarily identical to
aload step. A loadcase may consist of 10 load steps to reach the total load of the loadcase.
In a loadcase, multiple boundary condition id’s can be present.

A dynamic transient analysis of a beam structure with pre-load P1 and dynamic load

using the modal superposition technique consists of the following loadcases:
— Loadcase 1: Apply pre-load P1.

— Loadcase 2: Perform eigen frequency analysis based on pre-stressed structure

— Loadcase 3: Perform transient analysis using superposition of eigen modes. The lo:
is defined as a function of time through ta@LE option. Each loadcase can

have different control values for the iterative processes used.
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Depending on the analysistype (e.g. mechanical, heat transfer), the LOADCASE processor
on the analysis panel of the main menu allows you to specify the following:

Load incrementation i.e selecting the boundary conditions, the number of steps,
automatic versus fixed stepping, and the controls for this loadcase.

The JOBS processor is used to control the overall flow of the analysis process. This
includes the analysis class, the selection of the loadcases, the analysis options, the results
which arerequired, theinitial loads, contact control, and other parameters. Also the element
type specification, the check on integrity of the job, and the actual submitting of thejob is
donein this processor.

Typically, the finite element analysis produces an enormous volume of numerical data.
Before you submit thejob for analysis, usethe JOB RESULT S processor to control which
variables are to appear in the results file beyond the default parameters associated with the
analysistype.

Before you submit the job, it is advisable to perform an integrity verification to check for
inconsistencies in geometrical and material properties. The program will automatically
verify the determinant of the Jacobian for all elementsin the mesh. Errorsfound during this
process are reported and corrective action should be taken before the job is submitted.

Once the datais verified by the program and passes the validity test, the job may be
submitted. The SUBMIT button initiates the job in the background and |eaves the terminal
free to do other tasks. Use the UPDATE or MONITOR button to monitor the progress of the
job during execution.
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Results Interpretation

3-24

Once you have completed the analysis, you need to analyze the results and verify the
criteriafor acceptance. For each increment, the requested results are stored in a sequential
file. Use the following 3 basic steps to gain access to the results.

Step 1 Open the resultsfile.
Step 2 Select the desired information.
Step 3 Select an appropriate display technique and display the results.

The RESULT S processor on the postprocessing panel gives you access to the various plot
options available in Mentat.

Aswe have aready mentioned, atypica nonlinear finite element analysis consists of
severa steps called increments. The results for an increment can be accessed through the
OPEN, NEXT, or SKIP sequence of commands. OPEN accesses the file and opensit for
reading. The resultsfile nameisaconcatenation of the job name and the suffix .t19 or .t16.
NEXT forwardsthefile pointer to the next increment. The results datafor theincrement that
was read by the NEXT command is available for processing.

The solution of the finite element analysis involves a geometrical discretization of the
object, and if applicable, also atemporal discretization. The geometrical discretization is
obtained by creating the finite element mesh that consists primarily of nodes and elements.
The results (depending on their nature) are supplied at either the nodes or the integration
points of the elements. We make the distinction by referring to one as data at nodes, and
the other as data from elements at integration points.

Data at nodes is avector where the number of degrees of freedom of the quantity indicates
the number of componentsin the vector. Data from elements at integration pointsis either
scalar, vector, or tensor data.

The datafrom elements at integration points are not in aform that can be used directly ina
graphicsprogram. Datafrom elementsat integration pointsisextrapol ated to the nodesthus
creating data at nodes from elements. The values at the nodes are calculated by alinear
extrapolation of the average centroidal value and the integration point closest to the node.
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A node may be shared by several elements. Each element contributes a potentially different
valueto that shared node. The valuesare summed and averaged by the number of contributing
elements.

If anodeis shared by elements of different materials, the averaging process may not be
appropriate. To prevent the program from averaging values, use the ISOLATE option.

Scalar Plots

Scalar data may be represented graphically by means of contour bands, contour lines,
symbols, numerics, iso-surfaces, cutting planes, beam contours, or beam values. A legend
to the left of the drawing shows the correspondence between the colors used and the
numeric interval they represent. Contour plotsare linesor bands of equal value drawn over
the elements. This display technique is applicable to two-dimensiona elements, such as
shells and plates, or to faces of three-dimensional elements, such as bricks. The three-

dimensional counterpart to contour plot is the iso-surfaces plot, where the surfaces of
constant value are displayed.

Vector Plots

Vector data may be represented graphically by arrows that are displayed at the nodes.

Tensor Plots

Tensor data may be represented graphically by arrows that are displayed at the centroid of
the elements.

Deformed Shape Plots

The deformationsfound in amechanical analysis can be shown in what isknown to Mentat

as a deformed shape plot. The mesh is deformed by an amount that is proportional to the
actual displacement at the node.
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Path Plots

Path plots are snapshots created by freezing time or an increment. The variables for the
abscissa and ordinate are selected from the list of available variable names. For path plots,
the position where the quantity is evaluated is the most likely candidate for the abscissa.

History Plots

Asthe name indicates, history plots capture phenomena over time or increments. The
abscissavariable isvery likely to be time or an increment number. As Mentat keeps only
oneincrement of datain memory, it isnecessary to collect data by scanning over the range
of increments or time that is of interest before the history can be displayed.
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Getting Started

Chapter Overview
This chapter describes the routine interactions with Mentat listed bel ow.
m  Starting Mentat,
m Using the PROCEDURE option,
m  Stopping a Mentat session.

Chapter 4 concludes with a simple example to acquaint you with the program. It is best to
focus on the overall session and not to dwell on the details. Once you have mastered the
basic steps described in this chapter, you should feel comfortable enough with Mentat to
venture on to the sample sessionsin the remaining of this manual.
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Starting the Mentat Program

Before you start the Mentat program. . .
1. You will need an account so you can use Mentat on your system.

2. If you don't know how to invoke Mentat, ask a current Mentat user or call MARC
customer support. Although the starting command is system dependent, it most
likely isnment at .

On machines supporting OpenGL graphics, one would type: ment at OG_. For the
example session in Chapter 6 which uses the solid modeling capability type:
ment at Sor nent at SOGL..

3. The Mentat program is based on X-Windows™; you must start the program in a
window environment.

Assuming you are already logged in on your computer,itgpe at at the prompt of your
operating system. Provided your version has been installed correctly, once Mentat is lo
into memory, the program should start by opening a window on your X-terminal in whi
the MARC logo appears. The MARC logo is then replaced by a window that displays
basic Mentat screen which consists of a main menu, a blank graphics area and a dial
area. Figure 4-1 shows you the initial Mentat display.

If the Mentat script does not invoke the program, or does not invoke it correctly, ask y
system administrator or call your nearest MARC office for support. Our telephone numt
are on the first page of this manual.
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Figure 4-1 Initial Mentat Display
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Procedure Files

4-4

A procedure file isarecord of all commands issued during a session and is useful for the
tasks listed below.

* Protecting your work.
 Performing repetitive operations.
» Doing parametric design.

» Demonstrating your work.

* Reporting errors.

The PROCEDURES command has two modes of operation:
1. Record mode: creates a new procedure file or appends an existing procedure file

2. Playback mode: partial or complete execution of a procedure file

In both modes of operation, a choice can be made if the procedure file should reflect the
changesin the menus. If the MENU RECORD button isactivated all changesin the menu are
recorded while creating procedure files. If the MENU EXECUTE button is activated and if a
procedure file is used in which the menu changes have been recorded the menus modify
while playing back the procedure file. Upon clicking on any of the CREATE, APPEND,
LOAD, or EXECUTE buttons, afile browser appears. The FILTER block indicates the file
extensions for the file type being used in the current application (here a .proc extension).
Either click an existing filein the FILES block or type anew file nameinthe SELECTION
blockls followed by an OK.

In playback mode, the LOAD button followed by the STEP mode allows stepwise playback
of the procedure file. (Observe that the Mentat Procedure Control window can be moved to
any position of the screen). START/CONT will start the execution of the procedure file until
the STOP button is clicked.
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All sessionslisted in Part 11 of thismanual are procedurefilesthat areincluded on the Mentat
installation tape in the examples/userguide directory. You can play these sessions back by
executing the procedure file using the following button sequence:

MAIN (main menu)
UTILS (located at the bottom of the static menu)
PROCEDURES
LOAD (located on the PROCEDURE window)
path/fil enanme
OK

STEP or START/CONT

Remember to use <ML > to click on abutton. After you click onthe LOAD button, enter the
file name of the procedure file you want to execute. Once you have done this STEP and
observe the changes as the information stored in the procedure file is executed. START/
CONT will automatically continue until the either the STOP button is activated or until in
the procedurefilethe* st op_pr ocedur e conmand is present. Continue with the
remaining information with either STEP or START/CONT.

An excellent way to learn more about the program isto make changes to the procedure file
or to mimic it and to try to predict the results.

On the previous page, you were introduced to the concept of a button sequence diagram.
A button sequence diagram is away of prescribing a sequence of mouse clicks and
corresponding data entry. An indent indicates a new menu. Aligned options indicate they
are available from the same menu. A button sequence diagram starts at the main menu and
works its way to the desired option. Buttons in the static menu do not require you to start
with the main menu. The button sequence diagram is used frequently throughout the
remainder of this chapter and in the sample sessions.

If thereisany ambiguity asto which button you must click on, the button will be preceded
by the specific panel or menu title. For exampleegiérii's ADD” appears in a button
sequence, the idea is to click on th@” button next to élems” rather than nodes or
curves on a particular panel. Another examplealisEXIST.” which indicates that you
should click on the “EXIST.” button of the &li.” panel.
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If you are not at the main level before you execute the button sequence diagram, you can click
on the <M R> with <*> anywhere over the menu area until you reach the main menu. You
can also click on the MAIN button in the lower left hand corner of the menu areato return
immediately to the main menu.

Theinitial state of the program prescribes, wherever possible, a default for every setting.
These settings are chosen because they are applicable to most cases. For example, the
default number of divisionsfor SUBDIVIDE is set to 2, 2, 2. You can return to this default
state at any time during the execution of the program by clicking on the RESET PROGRAM
button. Use the following button sequence:

UTILS (in the static menu)
RESET PROGRAM

When you create a procedure file, you are only recording commands that are issued from
the time the procedure was started. The procedure file does not contain information on the
state, or settings, of the program at the time it was started.
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Stopping the Mentat Program

Always make sure to save your work before you stop the Mentat program. Use the SAVE
button to write a copy of the database in Mentat format. The SAVE button islocated in the
static menu directly under the graphics area. Thisway you are assured all data is saved.
Using other formats such asthe MARC format does not guarantee all information is saved.

Normal Stop

Use the QUIT button located on the main menu to end a Mentat session. You have now the
choice between SAVE & EXIT, EXIT, and CANCEL. SAVE & EXIT impliesthat the current
changes to the database are stored and that the session will be terminated. EXIT will
terminate the session directly and CANCEL will return to the main menu. Alternatively, you
cantype* qui t inthedialogue areafollowed by ay for yesatthe Exi t pr ogr anf?
prompt at any time during a session.

Emergency Stop

An emergency stop can be made at any time by using CTRL-C (that is, hold down the
CTRL key and press C) from the parent window. Typing CTRL-C in the dialogue area does
not stop the program. A host-induced stop usually does not offer you much of an option as
you lose some or al of the datain memory.
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Following a Sample Session

At this point, you may begin duplicating the first sample session on your computer. Do not
try to understand everything at once: all conceptswill be explained asyou progress through
the subsequent chapters. For now, concentrate only on becoming comfortable with the
Mentat user interface.

The structure you are going to model has the dimensions shown in Figure 4-2.

&OMARC

6 units

4 units

8 units

Figure 4-2  Dimensions of Structure to be Modeled
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Thefirst stepistotypenent at . TheMARC logo appearson your screen and isimmediately
replaced with awindow that displays the main menu.

Use the <ML > to click on the MESH GENERATION button of the PREPROCESSING panel.
In Figure 4-3 the MESH GENERATION button is marked by a small arrow. Throughout the
rest of this chapter, asmall arrow isused to mark the button you need to click on to execute
an operation.
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Figure 4-3  Accessing the Mesh Generation Menu

Figure 4-4 shows you that the dynamic portion of the main menu has been replaced by the
mesh generation menu. Notice how the lower rows of buttons that make up the static menu
do not change.
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The next step isto establish an input grid to help you specify the nodes of your model. Click
on the SET button of the COORDINATE SYSTEM panel. The dynamic portion of themenu is

replaced by the set coordinate system menu where the grid settings are located.
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Figure 4-4  Mesh Generation Menu
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w 4 Getting Started Following a Sample Session

The object you want to model has maximum dimensions 8 x 6 units. Click on the U DOMAIN
button and use the keyboard to enter O 10 to set the grid Size in x-direction.
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Figure 4-5 Coordinate System Menu
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w 4 Getting Started Following a Sample Session

Figure 4-6 shows you the updated coordinate system menu with the numerals 0 and 10
appearing in the flat fields next to the U DOMAIN button.

The spacing between the grid points does not need to be finer than 1 unit since all the corner
points are at integer distances from the origin.

Click the U SPACING button and type in 1. The program updates the menu accordingly as

iIsshown in Figure 4-7. Repeat the steps for the v DOMAIN and V SPACING to set the values
in y-direction.
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Figure 4-6  Setting the Grid U Spacing
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w 4 Getting Started Following a Sample Session

In Chapter 2, we mentioned that tl&RID” button was a toggle button that can be switchec
on or off. Click on the GRID” button to turn the gridn.
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Figure 4-7  Activating the Grid Display
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w 4 Getting Started Following a Sample Session

Figure 4-8 depicts the graphics area with the input grid displayed.
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Figure 4-8  Input Grid Activated
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w 4 Getting Started Following a Sample Session

Click onthe FILL button to scale the picture to fit the screen. The FILL button islocated in the
static menu area directly under the graphics area.
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Figure 4-9  Scaling the Picture
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w 4 Getting Started

Following a Sample Session

Return to the mesh generation menu by clicking on the RETURN button located in the bottom
left corner of the menu area or by clicking <M R> with the <4> over the menu area
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Figure 4-10 Returning to the Mesh Generation Menu

Below follows a button sequence diagram of the steps required to set the coordinate system
that we discussed in the previous pages. A comparison of this button sequence to adetailed
step description shows you that the button sequence step format is condensed and easy to

follow.

MAIN
MESH GENERATION
SET
U DOMAIN
0 10
U SPACING
1
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w 4 Getting Started Following a Sample Session

V DOMAIN
0 10
V SPACING
1
grid ON (on)
FILL
RETURN

To help you keep track of the elements and nodes that you are going to create, you must

label them. Click on the PLOT button located in the static menu area to access the plot
settings menu.
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Figure 4-11 Accessing the Plot Menu
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w 4 Getting Started Following a Sample Session

The DRAW panel determines whether or not an entity will be drawn. With the LABEL panel it
can beindicated if the entity will be labeled. Click on the NODES button of the LABEL panel.
The NODES button isatoggle button; aslong asit is depressed, every node you create will be
labeled by its respective node number.
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Figure 4-12 Activating the Node Labeling
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w 4 Getting Started Following a Sample Session

Similarly, click on the ELEMENTS button of the LABEL panel. The ELEMENTS button is also

atoggle and stays depressed indicating that every element you create will be labeled by the
corresponding element number.
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Figure 4-13 Activating the Element Labeling
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w 4 Getting Started Following a Sample Session

Return to the mesh generation menu by clicking on the RETURN button located in the bottom
left corner of the menu area or by clicking <M R> with the <4> over the menu area
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Figure 4-14 Returning to the Mesh Generation Menu
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w 4 Getting Started Following a Sample Session

To enter an element, click on the ADD button of the ELEMS panel. The default element class
ISQUAD(4), afour-noded quadrilateral, which is the element type you are going to use for
your model.
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Figure 4-15 Adding an Element
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Getting Started Following a Sample Session

The program prompts you to enter four nodes. Look for the prompt in the dialogue area.

Pick the grid point at the origin of the u-v system shown on the screen for the first node of
aquadrilateral element. Click the<M L > with the <#> closeto that grid point. The program
confirms the location of the first node with a small square at the grid point and the node
number 1 in the graphics area. The entry is confirmed in the dialogue area with

node(0, 0, 0) attheEnter el enent node (1) : prompt.
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Figure 4-16 First Node of Element 1
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To create Node 2, repeat the steps for Node 1 six units, or grid points, to the right of the first

node.
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Figure 4-17 Second Node of Element 1
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Repeat thisfor Node 3 at alocation two units above Node 2.
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Figure 4-18 Third Node of Element 1
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Getting Started Following a Sample Session

Finally, pick alocation two units above Node 1 for the fourth node.

The program draws the entire element. It includes a cross at the center of the element and
a half-arrowhead on the first side of the element in the direction of the connectivity. The
cross in the middle of the element is the handle of the face of the element; in 2D, the face

isthe element itself. If you need to pick this element, click the <4> in the center of the
element.
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Figure 4-19 Element 1 Completed
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w 4  Getting Started

Following a Sample Session

You do not need to click on the ADD button on the ELEMS panel again to enter a second
element. Asdiscussed in Chapter 2, page 2-4, until you explicitly instruct it otherwise, the
program assumes you want to continue the previous action: in this case, adding elements.

Pick Node 2 of Element 1 for the first node of the second element. You will see this node
light up on your screen.
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Figure 4-20 First Node of Element 2
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The second node of Element 2 is positioned two unitsto theright of the first node. Again, the
program confirms this by drawing a square and the node number, Node 5, at that location.
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Figure 4-21 Second Node of Element 2
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Thethird node is positioned four units above Node 5. Click the <ML > on that particular grid

point to create Node 6.
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Figure 4-22 Third Node of Element 2
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Pick the last node of Element 2 so that it coincides with the third node of Element 1. The
program confirmsthis pick by highlighting the existing node. The connectivity for this
element is complete and is confirmed by the display of the entire element.
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Figure 4-23 Element 2 Completed
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Add the third element by repeating the same sequence of steps. Pick Node 1 of Element 3 to
coincide with Node 4 of Element 1.
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Figure 4-24 First Node of Element 3
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To create the second node of Element 3, pick Node 3 of Element 1 which also coincideswith
Node 3 of Element 2. Once again, the node will light up to confirm it has been picked.
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Figure 4-25 Second Node of Element 3
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4-32

Thethird node of Element 3 ispositioned above the second node (Node 3). Use<M L > to pick
this node by clicking on the grid point that is two units above the previous one.

WL EH TERERANN | el R . . . . . . . I
MOOES  ADS | BEW | DT |
e e
P A | s | o |
anvs o | e | eor |

o e

EPAEEH OBE | BEPWEEH Pt
BLELER DLATE | O ;

CLIYE TEPE L \
SURFACE TVPE | DU

P T ' 4

COTINTT SWEITE
SET IIIEMHEI.I..I. I'III |

CLLA 5 CLIAN GLDa

ANT&ECH " ALTESS

CHAHGE CiasSs " | fHECK

ERHWERT " | i A

LA RHT | MrEnECT

LTI IH'I.H!

BEHIBIEER BEW VE

BN FHLEICH

Rl ol Y FEEE ‘I

FVHMETRY I R
........... -

BELEST 5 i

BETLHH L) oo | s o | reL nemtvew | Tee | e | TEe | W | W | e | mooe (@ | e

Il.ﬂl.l HLES | FLOT | aEw rmlE TR | 1Y | IE- | KA | AW E B (=1 DEFHED

Figure 4-26 Third Node of Element 3
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Complete the element by picking agrid point two units above the first node of this element.
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Figure 4-27 Element 3 Completed
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Turn the grid off by clicking on the GRID button located on the COORDINATE SYSTEM panel.
The toggle returns to the default released state.
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Figure 4-28 Turning Off the Input Grid
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Click on the FILL button to scale the picture to fit the screen. The FILL button islocated in the
static menu area. The picture was previously scaled by the object and the grid (see Figure 4-7).
Now that the grid is turned off, the object occupies the entire graphics area.
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Figure 4-29 Picture Scaled to Fill Screen; Locating Subdivide

Assume you want to subdivide the elements. Click on the SUBDIVIDE button to update the
dynamic portion of the menu.
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4-36

The DIVISIONS button shows the default values for subdivisionsin the first, second, and third
direction. Thefirst direction is defined by the half-arrowhead on the first side of each
individual element. The element type you are using in thismodel is atwo-dimensional
QUAD(4) element. Even though a two-dimensional el ement does not have athird direction,

itscoordinate must still be entered. Click onthe DIVISIONS button (usingthe<M L >) and type
in2 2 1.
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Figure 4-30 Setting the Subdivide Parameters
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Click on the ELEMENTS button to indicate that you are ready to subdivide elements using the

current settings. The program prompts you for the element list to be subdivided with the
following string:

Ent er subdi vide el enent |ist:
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Figure 4-31 Activating the Subdivide Processor
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Usethe <ML> to click on the handle of each element to indicate that you want to subdivide
it. Each element that you click on will light up.

Once you have picked every element on the screen, click the <M R> with <*> anywhere
over the graphics areato indicate an end of list to the program. Alternatively, you can click
onthe END LIST (#) button in the static menu area. All elementsare now subdivided. Instead
of picking all the individual elements, you can click on the all: EXIST. button to subdivide
al elements.
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Figure 4-32 Indicating End of List
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Notice the double nodes at the corners of the original elements. The SWEEP processor
eiminates duplicate nodes. To accessthe SWEEP processor, you must first returnto the mesh
generation menu by clicking on the RETURN button and subsequently click the SWEEP

button.
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Figure 4-33 Returning to the Mesh Generation Menu
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Figure 4-34 Accessing the Sweep Processor
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Note that there are 35 nodes, some of which are duplicate nodes. Click on the NODES button
on the SWEEP panel to eliminate the duplicate nodes. Use the default value 0.0001, for the

tolerance.
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Figure 4-35 Activating the Sweep Processor
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The program prompts you for the list of nodes to sweep with the following string:

Enter sweep node |ist:

Click on the all: EXIST. button to indicate that you want to sweep all nodes. The program
removes the duplicate nodes and displays the mesh with only 21 nodes remaining.
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Figure 4-36 Identifying the Nodes to Sweep
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Save the mesh by clicking onthe SAVE button. The meshissaved in Mentat format in abinary
file called model 1.mud. If model 1.mud aready existson the disk, the numeral inthefile name
is automatically incremented by one, and the file name is thus called model 2.mud.

Stop the session with the following button sequence:

MAIN
QuUIT
EXIT

You should now feel comfortable interacting with Mentat. We encourage you to practice
with the example detailed in this chapter, and to build on the experience you gained through
this session.

Before you read through the first detail ed session description, asmall note needsto be made
on the button sequence diagram introduced above. All button sequence diagrams used in
this guide assume you are starting from the main menu. This approach is used to avoid any
possible ambiguity asto where buttons are located. Asyou become more confident inusing
the program, you will note that it is not necessary to return to the main menu for each
operation as outlined in the button sequence diagram.
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A Simple Example

Chapter Overview

In this section, it will be demonstrated how to set up the basic requirements for alinear
elastic stress analysis. For this purpose, aflat square plate with acircular hole subjected to
atensile load will be analyzed. It is generally known that around the hole a stress
concentration exists. Both the deformed structure and the stress distribution need to be
determined. The goal of the analysisisto demonstrate:

m  asimple mesh generation technique, using the geometric meshing approach

®  how to apply boundary conditions

®  how to set material properties

®  how to set geometric properties

m  selecting quantities to be calculated in the analysis for subsequent postprocessing
®  how to submit ajob using the MARC finite element program

®  how to generate deformed structure plots, contour plots, and path plots
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Background Information

Background Information

5-2

A sguare plate with dimensions 20 * 20 mm and a thickness of 1 mm contains a circular
hole with radius 1 mm at the center of the plate. The material behavior is assumed to be

linear elastic with Young’s modulus E = 200000 N/frend Poisson’s ratie = 0.3. A
tensile load with magnitude p = 10 N/rimill be applied both at the top and the bottom

of the plate.

Calculate the deformed structure and determine the yy-component of stress along the

section near the hole.
AY
b 4

10 N/mm?

} 4 4

A

Y

~t=1

v
VoYY

vy

10 N/mm?

Figure 5-1  Plate with a Hole Subjected to Tension

Due to the symmetry of the problem, it is sufficient to analyze only a quarter of the probl

Atthelinex=0andy =

Mentat User’'s Guide
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Background Information

Figure 5-2

Overview of Steps

Step 1
Step 2
Step 3
Step 4
Step 5
Step 6

Mesh generation
Boundary conditions
Material behavior
Geometric properties
Job definition

Postprocessing

Quarter of the Plate with Symmetry Conditions and Tensile Load
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Detailed Session Description

Detailed Session Description

Step 1

5-4 Mentat User’'s Guide

MESH GENERATION
SET

U DOMAIN
0 10

U SPACING
1

V DOMAIN
0 10

V SPACING
1

grid ON

FILL

RETURN

The applied approach for generating the model is to use the geometrical technique to
specify the boundary curves and the surface spanned by these curves. Subsequently, the
surface will be converted into finite elements.

Asin the sample session in chapter 4, thefirst step for building the mesh is to establish an
input grid. Click on the MESH GENERATION button of the main menu. Next click on the
SET button to access the coordinate system menu where the grid settings are located. Use
the following button sequence to set the horizontal and vertical grid spacing to 1 and both
the horizontal and vertical grid dimensions to 10.

(on)



A Simple Example Detailed Session Description

Two geometrical entitieswill be used to describe the boundary contour. First set the curve

typeto acircular arc and define the arc segment.

MAIN
MESH GENERATION

CURVE TYPE
CENTER/POINT/POINT
RETURN

crvs ADD (Pick the following points from the grid)
0 0 O (center point)
1 0 O (starting point)
0 1 0 (ending point)

In the graphics window, acircular arc will now be visible. Change the curve type
subsequently to a polyline.

MAIN
MESH GENERATION

CURVE TYPE
POLYLINE
RETURN

crvs ADD (Pick the following points from the grid)
poi nt (10, 0, 0)
poi nt (10, 10, 0)
poi nt (0, 10, 0)
END LIST (#)
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Figure 5-3  Boundary Curves of Quarter of the Plate

The two basic curves will now be used to describe a ruled surface. Set the surface type to
ruled and specify the both curves.

MAIN
MESH GENERATION
SURFACE TYPE

RULED
RETURN
srfs ADD
1 (pick the arc)
2 (pick the polyline)
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Detailed Session Description
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Figure 5-4  Surface Definition

With the CONVERT processor, the surface will be converted to finite elements. In the
CONVERT menu, it can be observed that by default the mesh division will be set to 10 by
10 elements. The BIAS FACTORS will be used to ensure that the mesh ismorerefined in the
direction of thehole. Thefirst surfacedirectionisaong thearc; the second surfacedirection
runs from the arc to the polyline. A negative bias factor will be specified here, indicating
that the refinement must be near the hole. Now convert the surface to afinite e ement mesh.

Mentat User’'s Guide 5-7



Detailed Session Description

w 5 A Simple Example

MAIN
MESH GENERATION
CONVERT
BIAS FACTORS
0 -0.5
SURFACES TO ELEMENTS
1 (pick the surface)
END LIST (#)
RETURN
GRID (off)
FILL
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Figure 5-5 Generated Element Mesh

The arrows near the element edges indicate that the elements are numbered clockwise.
MARC requiresthat planar elements are numbered counter-clockwise. The numbering can
be changed using the UPSIDE DOWN and FLIP ELEMENTS options in the CHECK menu.
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Detailed Session Description

While checking, all elements with incorrect numbering are put in the temporary selection
buffer, whichis graphically shown by achange of color. Therefore, thelist of elementsthat
need to be flipped can easily be specified using the all: SELECTED button. Repeating the
check will show that no upside-down elements are found anymore so that the temporary

selection buffer will be empty again.

MAIN
MESH GENERATION
CHECK
UPSIDE DOWN
FLIP ELEMENTS
all: SELECT.
UPSIDE DOWN
RETURN

Step 2

The symmetry conditions can be applied using the following button sequence:

MAIN
BOUNDARY CONDITIONS
MECHANICAL

FIXED DISPLACEMENT
ON x displace
OK

nodes ADD
END LIST (#)

FILL

NEW apply

FIXED DISPLACEMENT
ON vy displace
OK

nodes ADD
END LIST (#)

FILL

(on)

(box pick the nodes on the line x=0)

(on)

(box pick the nodes on the line y=0)
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Figure 5-6  Applied Boundary Conditions at the line y=0

The applied loading is atensile edge load with magnitude 10. Mentat allowsto prescribe a
distributed pressure on element edges. The following button sequence will give the
prescribed loading.

MAIN
BOUNDARY CONDITIONS
MECHANICAL

NEW

EDGE LOAD
PRESSURE

-10 (specify pressure)

OK

edges ADD (box pick the edges on the liney = 10)

END LIST (#)

A graphical verification of the applied edge loading is now obtained.
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Figure 5-7  Edge Loading

The material behavior isidentical for all elements. Elastic behavior with Young’s modulus

and Poisson’s ratio must be specified for this material. The following button sequence

fulfills the requested task. Note that after entering the Young’s modulus, Mentat

automatically requests for the Poisson’s ratio, which can subsequently be entered. Af
entering this value, the mass density is requested. By enter(@B=3, this sequence may

be stopped.

After specifying the list of elements, the material description is complete.
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MAIN
MATERIAL PROPERTIES
ISOTROPIC
YOUNG’'S MODULUS
200000.
0.3
OK
elements ADD
all: EXIST.
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Figure 5-8  Material Properties
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Step 4

Many elements require geometrical properties such as cross-sectional areas for beams and
thicknessfor plate and shell elements. For this plane stress analysis, the thickness must be
specified for all elements.

MAIN
GEOMETRIC PROPERTIES
PLANAR
PLANE STRESS
THICKNESS
1
OK
elements ADD
all: EXIST.
RETURN
RETURN

All ingredientsfor alinear elastic static analysis are now created. No incremental stepsare
required, nor does the loading consist of various load vectors. Therefore, entering the
LOADCASE menu is not necessary.

In the JOBS menu, first set the analysis class to MECHANICAL, indicating that a stress
analysiswill be performed. In the pop-up menufirst select JOB RESULTS. Here, theanalyst
has to specify which element quantities have to be written to the post file. For simplicity,
thefull stresstensor is selected. Alternatively, all requested components of the stress tensor
can be selected. (Note that the stress tensor writes 6 components to the post file; three of
them are zero for a plane stress element).

In the INITIAL LOADS menu, it can be verified if all boundary conditions (symmetry
conditions and edge load) are active asinitia loads. Theinitial loading is the complete
loading for alinear elastic analysis. Loading histories or different loading steps require the
use of the LOADCASE option. The INITIAL LOADS screen must contain the following on the
next page:
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MAIN
JOBS
MECHANICAL
JOB RESULTS
tensors
stress (Select stress)
OK
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Figure 5-9 Initial Loads
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Next, the element type will be set. In thisanalysis, the 4 noded plane stress element type 3
with full integration will be used for all elements.

MAIN
JOBS
ELEMENT TYPES
PLANE STRESS
3 (full integration, QUAD(4))
OK
all: EXIST.
ST LERIENT THPE . . ' . , .
Il‘m,mg M CHANICAL FLANE STRESS ELEVENT FYLS 4 ] . A 3
-0 TRESARE dd ] e
U RN L 2 |8 [a a
a0 =0 FILL BSECATIH i (2 (& |[ |
FRESFUMETRIC SIELL RECAICIT ITECILATION 1™ || | | il
e THC SO i
L i =
FLEM: §EERT 1
-0 TR
IR F AR S I B— S o .
SEAT TRAMSFER [LELEHTS I . ’ p’
50 TR | A } [
a-01 3HELL s | ~ i’
A0 BOLE | | |
UL TRIC SHELL i il b 1
AR AL TRC SOUD [ | J ! . | ]
PLANAR e T T -
Tadds 1 [ y! i
OTIER [LILEHTS oo el 1 e [ 1
IET s g o o Sl B R Sy
ELECTAIASHETIC . | + I
%11-_:"'7_4--"*' i |
SLERA | %r* +—1"- | | | _l‘.
TS |"wowssms | grlod # 4 + 1 F
| | B
[seaEca i
BETURH bl U | EAE | DR FRL | MEEET VY | T | T | T | R | Ae | AR PO (0 | s
T e G e o o I I e T il T i

Figure 5-10 Selecting the Element Type
Thejobisnow ready for submission. TheRUN command controlsthe submission of thejob.

One of the SUBMIT commands starts the analysis starts and with the MONITOR option the
current status of the job can be observed.
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MAIN
JOBS
SAVE
RUN
SUBMIT 1
MONITOR
SO 5 3 : " P "
mw  [me [ | [mmiacn : ' 1 ’ 1 i & A
== G | e 1 ;
el s B L L | e [ ¢
AMALYEE CLASE " ENTERRD FRECESOH HEUT FLE |:-i Fi
* L CRAICAL | WL BT | iooaT Ut | / 1
G LA LR I FLE | ELERR FLE | &
~ HEAT TRAMAFFR | 7 A &
" ESMALED © EPLILEET TUAIS 1| - -
* COUPLED FHED FLASTIC |
* WRAT HEATIRG i i I - “ - 1
~ BRI - ] 1 - -
il ST 1 | o 1 |
Lo SUEHAT ¥ G t
ADAFTRE MEEING CRTEAL ATy | B 3 -1
L UPTATE |m HLL | & A
ALTATIONAL PP [ - |
[T e T i | - |
CHECK | REWIBMSER AL | TARIEN A { T | .
RASATHIN WEWI ACTOHE WO LEHT a { | ___.]l--"_
CEACTRATED ELEUEHTS SR KAl b u :___.L—-‘ '
Sy o U | [ TN ! |
L mﬁaﬂ_ P 4 4
7 TSI HaRAE R w
[immer. ;...........: ........... qu imm
BELECT | Er o Ene | BT L0 FILE
BETNH [ | T |1 | wess [ s [ nes [mooe [ [usen
mI=I-IEWI' | L |,L” me | | e R Elnuu:n |

Figure 5-11 Screen After Job Completion

Step 6

Once the job is complete we are able to do postprocessing. The postprocessing tasks are
performed on the MARC post file which does not contain all the information from the
Mentat database. Therefore, it is always recommended to save the database before doing
any postprocessing.
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The MARC post file contains an analysis header (containing the mesh topology
information) and the results of the various increments. Therefore, NEXT INC must be used
after opening the post file, to view the results of the first increment (usually increment 0).
Clicking the DEF & ORIG button only does not seem to show any deformation on the screen.
The magnitude of the displacement issimply too small for any visual effect. (By default the
displacement will be added with multiplication factor 1 to the original coordinates to get
the deformed structure). Automatic scaling will show the requested deformed structure.

MAIN
RESULTS
OPEN DEFAULT
NEXT INC
DEF & ORIG
deformed shape SETTINGS
deformation scaling AUTOMATIC

CEFGHULD SHARE SETTHEOS W B = - - - 2
L a w
D F O T S0AL G = m
LAl LA Ilu:luull i
FRUTORLETNCY F el B0A | 1367
* -+ il il "
S HLGHIT SH ¥EY
PHASE ARGLE In:-
(=87 LEEHT ORRTD
riLl ril 1 * # F * x 4
* SLRFALT CLIRF &LT
THITLHE ® HITLUHE
+ + *
1! & 1 v
"
& o s & ¥ g
]
£
# L i = - ‘ r #
i el " T
&
g '3 r '
Al e 1 .
g L I ! + i
T v
i-"'..l" | J F 2 ' T
":'l S 5 i it
o * Y]
¥ :_,'_ #
BELEST mno oa
BETLRH L UREHT | BAVE | LAY | FEL | PESETWIEW | THe | TYe | T8 | K | A B2 I_H."\:\-C'H m :_.bﬂﬂ.'l
UILE" | s | Far | e | IOV, L IIH |nl ||,r e | BEe | B = nl,lrl !

Figure 5-12 Deformed Structure Plot
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5-18

Contour plots of stress or displacement components can be made with the continuous
contours or the contour bands option. First, the quantity to be contoured has to be selected
followed by clicking the CONTOUR BANDS option.

MAIN
RESULTS
SCALAR
Comp 22 of Stress
OK
CONTOUR BANDS

FETFROESTHEG EEA TS | [

— Sy ;AL TEANR
LM DML | DR
T T e
BT SN S
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RIBHITER | EHaNSE TE |
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— 2T
- DEF (BAY *[6F & 080G |
1 B g1
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-— o | 1]
* CORTINN LML COMTHN CEN]
F ORI R
~ PYMEOLS CHAERES |
" BO-SUAFACES - CLTIG
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(B i)
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i i julal
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Figure 5-13 Contour Plot of yy Component of Stress

A plot of the yy component of stress along the cross-section near the hole can be obtained
with the path plot option. First, anode path has to be selected (followed by an end list) and
then the curve to be plotted can be specified. With the SHOw MODEL option, the screen can
be changed to display the model again.
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MAIN
RESULTS
PATH PLOT
NODE PATH (pick the first and last node at the liney = 0)
END LIST (#)
SET VARIABLES
ADD CURVE
Arc Length
Comp 22 of Stress
FIT
RETURN
SHOW MODEL
RETURN
e— [ s ot
BEF] G | A s Comp B ol Sranu fuii]
HENHT e —
[ | sTan |
AL CURNE A ERHILE
BEWKCVE DUNWE | CLEAH CLIVES
[
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) B ||:-
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Figure 5-14 Path Plot
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Detailed Session Description

The results show that the plate has been analyzed correctly. Around the hole a stress
concentration factor of about 3 is present and the deformed structure plot shows an to be
expected deformation field.

Close the post file and leave Mentat.
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Procedure File

| Version : Mentat 3.3
*alias action

| *st op_procedure

*exec_p gen_i nage. proc
@op()

*action | imge O

*action | figure 5.1 - dunmy
*action | figure 5.2 - dunmy
I

@ush( meshgen)
@ush(coord_systen)
*grid_u_domai n

0 10
*grid_u_spacing
1
*grid_v_domain
0 10
*grid_v_spacing
1

*set _grid on
*fill _view
@op(1)

@ush(curve_type)
*set_curve_type arc_cpp
@op(1)
*add_curves
000
100
010
@ush(curve_type)
*set _curve_type polyline
@op(1)
*add_curves
poi nt ( 1. 000000000000e+001, 0.000000000000e+000,
0. 000000000000e+000)
poi nt ( 1. 000000000000e+001, 1.000000000000e+001,
0. 000000000000e+000)
poi nt ( 0. 000000000000e+000, 1.000000000000e+001,
0. 000000000000e+000)
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# | End of List

*action | figure 5.3
@ush(surface_type)

*set _surface_type rul ed
@op(1)
*add_surfaces

1

2
*action | figure 5.4
@ush(convert)
*set _convert _bias _factors
0 -0.5
*convert _surfaces

1
# | End of List

@op(1)
*set _grid off
*fill _view
*action | figure 5.5
@ush(check_el enent s)
*check_upsi de_down
*flip_elenents
@ush(sel ect _screen)
all _sel ected

@op(1)
*check_upsi de_down
@op(1)
I@JOlO( 1)

| step 2 - boundary conditions
I
@ush(appl y)
@ush(appl y_rmechani cal )
*apply_type fixed_di spl acenent
@ et ($user subf v, FORCDT)
@opup(fixed_di sp_pm
*appl y_dof x
@opdown(fixed disp_pm
*add_appl y_nodes

11 22 33 44 55 66 77 88 99 110 121
# | End of List
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*fill _view
*new_apply
*apply_type fixed_displ acenent
@ et ($user subf v, FORCDT)
@opup(fixed_disp_pm
*apply_dof vy
@opdown(fixed disp_pm
*add_appl y_nodes
1 12 23 34 45 56 67 78 89 100 111
# | End of List

*fill _view
*action | figure 5.6
*new_apply

*appl y_type edge_I oad

@ et ($user subf v, FORCEM
@opup(appl y_edge_| oad_popnenu)
*apply_value p

-10

@opdown( appl y_edge_I| oad_popnenu)
*add_appl y_edges
96:0 97:0 98:0 99:0 100:0
#
*action | figure 5.7
@op(1)
@op(1)
I
| step 3 - material behaviour
I
@ush( mat _pr ops)
*materi al _type mechanical :isotropic
@opup(mat _i sotropic)
*mat eri al _val ue i sotropic: youngs_nodul us
200000
.3

*action | figure 5.8
@opdown( mat _i sotropi c)
*add_material _elenents
all _existing

al | _existing
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@op(1)
I

| step 4 - geonetrical properties
I

@ush(geom props)
@ush(georretry_nech_pl anar)
*geonetry type mech_pl anar_pstress
@opup(geom nmech_pl _stress_pn)
*geonetry_val ue thick

1
@opdown(geom nmech_pl _stress_pn)
*add_geonetry_el ement s

al | _existing

al | _existing

@op(1)

|@»op( 1)

| step 5 - job specification

|

@ush(j obs)

*j ob_cl ass nechani cal

@opup(j ob_nechani cal)
@ist(job_add_Icase_list,0)
@ist(job_remlcase_list,0)
@opup(tensor_scal ar _popnenu)
@i st(post_var_listl,0)
*add_post _tensor stress

@i st(post_tensor _listl,0)
@opdown(t ensor_scal ar _popnenu)
@ist(job_add_Icase_list,0)
@ist(job_remlcase_list,0)
@ist(job_add | case_|ist,0)
@ist(job_remlcase_|ist,0)
@opup(init_| oads_popnenu)
*action | figure 5.9

@opdown(j ob_nmechani cal)
@opdown(init_| oads_poprenu)
@ush(el emrent _types)
@opup(eltype_pl _stress_pm
*action | figure 5.10
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*el enent _type 3
@opdown(el type pl _stress_pm

al | _existing

@op(1)

@ush(fil e_screen)

@et ($file_browser_I| abel, SAVE AS FI LE)
@et ($fil e_browser _conmand, *save_as_nodel )
@opup(save_fil e _browser popnenu)
@ist(save file_browser filelist,0)
@ist(save file browser _dirlist,0)
*save_as_nodel cO05.nud yes
@opdown(save_fil e_browser_popnenu)
@op(1)

*update_j ob

@opup(j ob_run_popnenu)

*submt_job 1

*moni tor _j ob

*action | figure 5.11

@opdown(j ob_run_popmnenu)

I@>0|0( 1)

| step 6 - post processing

I

@ush(results)

*post _open_def aul t

*post _next

*set _defornmed both

@ush(def ornmed_settings)

*set _aut omag on

*fill _view
*action | figure 5.12
@op(1)

*post _val ue
@opup(post _scal ar_pn
@i st (post_scal ar_list,0)
Comp 22 of Stress
@opdown( post _scal ar_pm
*post _cont our _bands
*zoom out

*zoom out

*action | figure 5.13
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Procedure File

5-26

@ush(post _pat hpl ot)
*set pat hpl ot _path

1

111
# | End of List
@ush( pat hpl ot _vars)
@ist(path_var list,0)
*pat hpl ot _add
Arc Length
Comp 22 of Stress
@ist(path_var _|ist,0)
*pat hpl ot _fit
*action | figure 5.14
*show_nodel

@op()
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Solid Modeling and Automatic Meshing

Chapter Overview

The sample session described in this chapter demonstrates the process of solid modeling
and automatic meshing. A simple bolt structure will be modeled. The goal of the analysis
IS to demonstrate:

m  Solid modeling, entering simple building blocks.

m  Using boolean operations and blending techniques to compl ete the solid model.
m  Useof symmetry to reduce the solid model.

m  Convert solid faces into surfaces and use of automatic surface meshers.

m  Use of the automatic tetrahedral mesh generator to generate the mesh.

m  Use of the symmetry and duplicate options to complete the model.
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Background Information

In thisexample, it will be demonstrated how to generate an el ement mesh for asimple bolt
structure as shown in Figure 6-1.

Figure 6-1  Simple Bolt Structure

As can be seen from this figure, the model globally consists of three simple geometrical
components. two cylinders with different radii and a 6-sided prism. A solid model of the
structure can be created using two boolean operations. Two cylinders must be united and
from the resulting solid a prism must be subtracted. After these operations, acomplex solid
is obtained. Some of the edges of this solid must be given a specific curvature. Thisis
achieved with the BLEND operator.
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Before using the mesh generators however, the solid model will be reduced. The model is
symmetrical with respect to a segment of 30 degrees. By subtracting two solid blocksfrom
the solid model, the 30 degrees segment will be obtained.

Solid meshes are generated with athree step approach. First the faces of asolid are
converted to surfaces. These surfaces will be used to generate a surface mesh. This surface
mesh is used to create a solid mesh.

After specifying an average edge length for all edges of the solid, the segment will be
meshed automatically, creating tetrahedral elements. The resulting mesh will subsequently
be expanded to a mesh for the complete bolt by use of the SYMMETRY and
DUPLICATE processors.

Overview of Steps
Step 1 Input of basic solids
Step 2 Refining the solid model
Step 3 Reducing the solid model to the smallest segment with symmetry
Step 4  Surface meshing on the reduced solid model
Step 5 Meshing of the solid model based on the generated surface mesh

Step 6  Use of symmetry and duplication operations to complete the mesh
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Detailed Session Description

Step 1

The approach used in generating the solid model is to start with three simple building
blocks. The building blocks are two cylinders and one prism.

MAIN
MESH GENERATION

SOLID TYPE
CYLINDER
RETURN

solids ADD
0 0 O (solid cylinder origin coordinates)
0 0 1 (solid cylinder axis coordinates)
0.4 0.4 (solid cylinder radii)
0 0 1 (solid cylinder origin coordinates)
0 0 2 (solid cylinder axis coordinates)
0.7 0.7 (solid cylinder radii)

VIEW
activate 4 (on)
activate 1 (off)
PERSPECTIVE
show 4
FILL
RETURN

In the above VIEW process, view 4 has been activated and set to a perspective projection.
View 1 has been deactivated to prevent switching on perspective plotting for this view.
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Figure 6-2  Two Cylindrical Solids
The two basic cylinders will now be united.
MAIN
MESH GENERATION
SOLIDS
UNITE
1 2 (Pick solid 1 and 2)
END LIST (#)
RETURN
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Detailed Session Description

6-6
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Figure 6-3  Result of UNITE Operation

Next, the prism will be defined and subtracted from the current solid.

MAIN
MESH GENERATION
SOLID TYPE
PRISM
RETURN
solids ADD
0O 0 1.4
0 0 2.1
0.4
6
SOLIDS
SUBTRACT
1 2
END LIST (#)
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The basic solid model is now completed and the result is shown in Figure 6-4. Note that at
this stage only one solid exists. The basic building blocks are no longer present in the
database after the boolean operations.
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Figure 6-4  Result of SUBTRACT Operation

Step 2

In thisstep, two blending operationswill be applied to the outer edges of top cylinder of the
basic solid model. The blending process consists of specifying aradius and indicating to
which solid edge the blending operation will be applied. Before performing the blending
operations, the solid edges will be labeled. Thisis not strictly necessary for the process,
since all edgeswill be graphically picked. For describing the process, however, it is useful
to indicate the edge labels. Note that after each blending operation the edge numbering
changes. The detailed button sequence is shown on the following page:
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MAIN

6-8

MESH GENERATION
PLOT

label solid EDGES (on)

REGENERATE

RETURN

SOLIDS
blend RADIUS
0.1
blend EDGE
1:12 (Pick the solid edge)
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Figure 6-5

Activating the Labeling of Solid Edges
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Figure 6-6  First Edge Blended

The result after the first blending is shown in Figure 6-6. The second edge will now be
blended and the labelling of the solid edges will be switched off.

MAIN
MESH GENERATION
SOLIDS

blend EDGE
1: 20

PLOT
label solid EDGES (off)
REGENERATE
RETURN

The solid modeling phase is now completed asis shown in Figure 6-7.
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Figure 6-7 Completed Solid Model

By looking at the model, we can observe that the solid model has certain symmetry planes.
Since the complete model (360 degrees) has a prism with 6 edges, the model can be
considered asaduplication of 6 segments. Furthermore, this 60 degree segment isSymmetric.
Thus, a 30 degree segment is the smallest section for which ameshisrequired. In this step,
the solid model isreduced to a30 degree segment. Thisisachieved by adding two solid blocks
and subtracting them from the solid model.
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MAIN
MESH GENERATION
VIEW
show 1
FILL
RETURN
SOLID TYPE
BLOCK
RETURN
solids ADD
-1 0 -1 (solid block origin coordinates)
2 2 4 (solid block X, Y, and Z dimensions)
[LIEEH CERERATIM o e e T -
BMO{ES  ADD | BER | BEST T = “'“
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Ao | | | o ey T
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Figure 6-8  First Solid Block Added

The second block will be duplicated from the first one.
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MAIN
MESH GENERATION
DUPLICATE
ROTATIONS
0 0 150 (duplicaterotationsin X, Y, and 2)
SOLIDS
2 (Pick the solid block)
END LIST (#)
CIFLCATE S S
n s
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Figure 6-9  Duplicating the Solid Block

Finally, solid 3 and solid 2 will be subtracted from body 1.
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MAIN
MESH GENERATION
SOLIDS

SUBTRACT
1 (Pick solid to subtract from)
2 (Pick solid to be subtracted)
3 (Pick solid to be subtracted)
END LIST (#)

FILL

VIEW
show 4
RETURN

FILL

EHALEFER |
CASTAMNCE ] | IR
" ROL LG |uﬂ I | |

T AT |
B0 FACES 10 SURSACES HL
ORI OB 15 £ o

BOUDVIRICEE [0 FONHTS '.t__,j-" |
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BETLRH Ly Im ST DAY FRL FEEET s Te= | T | T
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.
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Figure 6-10 Completed Solid Segment

Mentat User’'s Guide 6-13



w 6 Solid Modeling and Automatic Meshing Detailed Session Description

Step 4

In thisstep, the surface of the reduced model will be meshed automatically using one of the
automatic surface meshers. Therefore, first all faces of the solids will be converted into
surfaces, then plotting of surfaces and points will be switched off.

MAIN
MESH GENERATION
SOLIDS

convert SOLID FACES TO SURFACES

all: EXIST.

PLOT
draw SOLIDS (off)
draw POINTS (off)
REGEN
RETURN

RETURN

Next, atarget element edge length will be specified by using the curve division command.
Here, for all curves an average element edge length of 0.1 is used. In order to ensure that

elements generated for specific surface match, the curve divisions along particular curves
will be matched.

MAIN
MESH GENERATION
AUTOMESH
CURVE DIVISIONS

AVG LENGTH

0.1 (enter length for curve divisions)
APPLY CURVE DIVISIONS

all: EXIST. (for all curves)
MATCH CURVE DIVISIONS

0. 005 (enter tolerance for vertex points)
all: EXIST. (for all curves)

In Figure 6-11, the resulting seed points are shown.
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Figure 6-11 Seed Points for Automatic Meshing

Next, the automati c surface mesh generator will be used to generate a surface mesh. After the
mesh generation, the drawing of the nodes will be switched off for easier verification of the
generated elements (the elements will be drawn in solid mode instead of wireframe mode).

MAIN
MESH GENERATION

AUTOMESH

SURFACE MESHING
triangles (delaunay) SURFACE TRI MESH!
all: EXIST

PLOT
draw NODES
elements SOLID
REGENERATE
RETURN

(for all surfaces)

(off)
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Figure 6-12 Completed Surface Mesh for the Segment

Note that for each surface a surface mesh has been created. Due to the use of match curve
divisions, it is ensured that nodes along the curves are close to each other. However, there
are still duplicate nodes at these points.
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Step 5

Theresults of the surface mesh generator can be used asinput for the solid mesh generators.
It isrequired that a closed surface is present. Duplicate nodes present to the use of the
surface mesher for each surface are removed with the SWEEP processor. This can be
verified by plotting the outline edges only for the structure.

MAIN
MESH GENERATION
PLOT
MORE
edges OUTLINE
RETURN
RETURN
SWEEP
TOLERANCE
.0001
NODES
all: EXIST
RETURN
PLOT
MORE
edges SURFACE
RETURN
RETURN

Subsequently, it is specified that the automatic tetrahedral mesher will be used for all
triangular elements generated in the previous step.

MAIN
MESH GENERATION
AUTO MESH
SOLID MESHING
tetrahedra TET MESH!
all: EXIST (list of triangular elements)
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Figure 6-13 Completed Tetrahedral Mesh
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Step 6

The mesh for the solid segment has been generated automatically. As discussed before, the
complete model consists of 6 identical parts each with a symmetry plane. First, the
SYMMETRY processor will be used to generate a 60 degrees segment. Notethat aformula
is used to enter the symmetry plane normal.

MAIN
MESH GENERATION
SYMMETRY
NORMAL

si n(30*pi / 180)

cos(30*pi/ 180)

0

ELEMENTS

all: EXIST.
NRBIETHY | FAC
—
NE=
st 0
ar=T |
B S WRFEERTS
POTS CURYES
EURTACLEE SIS

[oe | | P -__.' .."Iﬂ'

BEEST
BETIRH L] |mmmnwru FESET Ve T | T | TEa | e | FFs | A | SO0 | I E=n

Il.ﬂl.! HLER | Ol | W 'muu:& LEd 1= | T K- | AP E ot A DEFHED

Figure 6-14 Mesh after use of the SYMMETRY Operator
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6-20

The generated 60 degrees segment will now be duplicated 5 timesto generate the complete

model.
MAIN
MESH GENERATION
DUPLICATE
ROTATIONS
0 0 60
REPETITIONS
5
ELEMENTS
all: EXIST.
FILL
oULCAR
POMT
M=
scapractons [T
—
e

BELEGA
BETLRH L IO | ST | A FIL NPT | TEs | TV | TR
WTLE" | PuEs " | Foor T vew | T ovs oo | T | T | e
=

1|2
HE
|z|z

=rn
EFEED

Figure 6-15 Element Mesh after the DUPLICATE Process
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Boththe SYMMETRY and the DUPL | CAT E processor generate new el ements but do not
check if duplicate nodes are created which have to be removed in order to make the

connection between the different parts. This removal of duplicate nodesis achieved with
the SWEEP process using the tolerance of 0.001.

The mesh for the bolt structure is now completed. The model is saved in a Mentat model
file.

MAIN
MESH GENERATION
SWEEP
sweep NODES
all: EXIST.
SAVE
T | ARG
i
TaBnect R
HOOCE | IR |
PHHTS LTS
HIRFACES AlL
BEET IUEED
(ot | T | T -__.-' ..'\"Iﬂ'
s iy
BETURH L) oo | s o | reL nemtvew | Tee | e | TEe | W | W | e | mooe (@ | e
Il.lTI.l HLEE | FLOT | W rmE TB= | 1= | TE- | K4 | AT E Bot o DEFHED

Figure 6-16 The SWEEP Processor
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Procedure File

| Version : Mentat 3.3

*alias action

*exec_p gen_i nage. proc

*action | figure 6.0 - dunmy

*action | figure 6.1 - dunmy

|@>0|0( 1)

| step 1. add the basic solid building bocks
I

@ush(meshgen)

@ush(solid_type)

*set _solid_type cylinder

@op(1)

*add_sol i ds

00

oooo
oo kMO
NN O ol
I

LT
@ush(vi ewi ng_screen)
*activate view 4
*deactivate_view 1
*vi ew_per spective
*show_vi ew 4
*Fill _view

@op(1)
*action | figure 6.2
@ush(solids)
*solids_unite

1

2
# | End of List
*action | figure 6.3
@op(1)
@ush(solid_type)
*set _solid_ type prism
@op(1)

@ush(solids)
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*sol i ds_subtract
@op(1)
*add_sol i ds
001.4

0 2.1
.4

o OO

@ush(solids)
*sol i ds_subtract
1
2
# | End of List
*action | figure 6.4
|@>0|0( 1)
| step 2: nodify the solid nodel by including blending
I
@ush(pl ot _screen)
*set _sol i d_edge_I| abel s on
*regenerate
*action | figure 6.5
@op(1)
@vush(sol i ds)
*sol i d_bl end_radi us
.1
*sol i d_bl end_edge
1:12
*action | figure 6.6
*sol i d_bl end_edge
1: 20
@ush( pl ot _screen)
*set _solid_edge_| abel s of f
*regenerate
@op(1)
*action | figure 6.7
I@JOlO( 1)
| step 3 prepare for the neshing by reducing the nodel to
| the small est symetrical structure

@ush(vi ewi ng_screen)
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*show view 1
*Fill _view

@op(1)
@ush(solid_type)
*set _solid_type bl ock
@op(1)
*add_sol i ds

-10 -1

224
*action | figure 6.8
@ush(duplicate)
*set _duplicate_rotations
0 0 150
*dupl i cate_solids

2
# | End of List
*action | figure 6.9
@op(1)

@ush(sol i ds)
*sol i ds_subtract

1

2

3

# | End of List
*fill _view

@ush(vi ewi ng_screen)
*show vi ew 4

@op(1)

*Fill _view

*action | figure 6.10

| step 4 start the nmeshing on the reduced node
I

*convert _solid faces_surfaces

al | _existing

@ush(pl ot _screen)

*set solids off

*set _points off

*regenerate

@op(1)

@op(1)
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@ush(aut onesh)
@ush(curve_di vi si ons)
*set _curve_div_type fix_avgl *set _curve_div_avg
0.1

*appl y_curve_di vi si ons
all _existing

*mat ch_curves

. 005

al | _existing
@ush(sel ect _screen)
*sel ect _cl ear

@op(1)

*action | figure 6.11
@op(1)

@ush(aut onmesh_surfaces)
*dt _surface_trinmesh
al | _existing
@ush( pl ot _screen)
*set nodes off

*set _surfaces off
*set _curves off

*el enents_solid
@op(1)

*action | figure 6.12
@op(1)

@op(1)
@ush(pl ot _screen)
@ush(pl ot1l_screen)
*edges_outli ne
*regenerate

@op(1)

@op(1)

@ush(sweep)

*set _sweep_tol erance
. 001

*sweep_nodes

al | _existing

@op(1)
@ush(pl ot _screen)
@ush(pl ot 1l _screen)
*edges_full
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6-26

*regenerate
@ush(pl ot _screen)
@op(1)

@op(1)

@ush(aut onesh)
@ush(aut onesh_sol i ds)
*dt _tet tri_nesh

all _existing

*action | figure 6.13
@op(1)

@op(1)

|@>0|o( 1)

| step 5 use symmetry and duplicate to conplete the nesh
| finally sweep to renove doubl e nodes

I

@ush(symretry)

*set _symmetry_norm
si n(30*pi / 180)
cos(30*pi/180)

0
*symmetry_ el ements
all _existing
*action | figure 6.14
@op(1)
@ush(duplicate)

*set _duplicate_rotations

0 0 60

*set _duplicate_repetitions

5

*duplicate_el enents
al | _existing

*Fill _view

*action | figure 6.15
@op(1)

@ush(sweep)
*sweep_nodes

all _existing

*action | figure 6.16
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Tube Flaring

Chapter Overview

The sampl e session described in this chapter analyzesthe process of flaring. A cone-shaped
flaring tool is pushed into a cylindrical tube to permanently increase the diameter of the
tube end. Both the steel tube and flaring tool are model ed as deformabl e contact bodies. The
goal of the quasi-static analysis described in this chapter is threefold:

m to determine whether the final shape of the tube meets the objective of the analysis
m to study whether residual stresses are present in the steel tube and flaring tool

m to determine the magnitude of the residual stresses (if present)
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Background Information

Description

This session demonstrates the analysis of a contact problem involving two deformable
contact bodies, multiple material's, kinematic constraints and |oads. The nonlinear nature of
the problem along with the irreversible characteristics make it impossible to determine in
advance the load required to drive the tool into the tube. Asaresult, multiple runs through
the analysis cycle are necessary to determine the maximum load required to meet the
objective of the analysis.

The diameter of the tube is 8 inches, the thickness is 0.3 inches and the length is 8 inches.
The flaring tool is modeled as a hollow cone with an apex angle of 30 degrees, awall
thickness of 0.6 inches, and alength sufficient to model the process.

Figure 7-1  Cylindrical Tube and Flaring Tool
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Idealization

The loading and geometry of the structure are symmetrical about the center line of the
cylindrical tube. Due to the nature of the analysis, you are only required to analyze an
axisymmetric model of the structure. If the appropriate boundary condition is prescribed,
the tube is prevented from moving in the axial direction but isfreeto movein aradial

direction at one end. A load is applied to the rim of the flaring tool to push it into the free
end of the pipe.

Flaring Tool
Tube

Axis of Revolution

Figure 7-2  Axisymmetric Model of Tube and Flaring Tool

Requirements for a Successful Analysis

The analysisis considered successful when the flaring tool expands the tube diameter by
10%. You can plot the tool load versus the radial displacement at the tube end for several

load increments to adjust the maximum load and repeat the analysis cycle until you reach
the objective.
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Full Disclosure

The steel tube is modeled by four-noded axisymmetric elements with a Young’s Modt
of 30.0e6 psi and a Poisson’s Ratio of 0.3. It is assumed that the tube material with an i
yield stress of 3.6e4 psi will not harden during the process. The tube diameter is 8.0 in
and the thickness is 0.3 inches.

The flaring tool is modeled as a hollow cone with an apex angle of 30 degrees and a
thickness of twice that of the tube with a suitable length to model the working area. Tl
flaring tool is modeled as a case hardened steel object with a Young's Modulus of 40.
psi, a Poisson's ratio of 0.3, an initial yield stress of 6.0e4 psi. The larger diameter en
the flaring tool is loaded to drive the smaller end of the flaring tool into the steel tube.

Overview of Steps

7-4

Step 1

Step 2
Step 3
Step 4

Step 5
Step 6
Step 7

Create a model of 2 patches and convert to finite elements. Apply kinematic
constraints to the tube and add a low stiffness spring to avoid rigid body motic
of the tool.

Apply material properties to the tube and flaring tool.
Create contact bodies.

Apply edge loads to the larger diameter end of the tool to push it into the steel t
and create a loadcase.

Create a job and activate appropriate large strain plasticity procedure.
Submit the job.

Postprocess the results by looking at the deformed structure and a history pilc
the tip deflection of the tube.
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Detailed Session Description

Step 1

The approach used in this session to generate the model is to use the geometric meshing
technique which involves converting geometric entitiesto finite elements. Refer to Chapter 3
for adetailed discussion on mesh generation techniques.

Asin the sample session described in Chapter 4, the first step for building afinite element
mesh isto establish an input grid. Click on the MESH GENERATION button of the main
menu. Next click on the SET button to access the coordinate system menu where the grid
settings are located. Use the following button sequence to set agrid in the u domain
between 0 and 8 with spacing 1 and in the v domain between 0 and 5 with spacing 1.

MAIN
MESH GENERATION
SET
U DOMAIN
0 8
U SPACING
1
V DOMAIN
05
V SPACING
1
ON (on)
RETURN
FILL

The geometric entity used in this session is a patch. The surface type used to enter a patch
iIsaQUAD whichisthe default setting for surface types. Use the following button sequence
to define the first patch:
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MAIN
MESH GENERATION

PLOT
label POINTS (on)
RETURN

srfs ADD (Pick the following corner points from the grid)
poi nt (0, 4, 0)
poi nt (8, 4, 0)
poi nt (8, 4.5, 0)
poi nt (0, 4.5, 0)

These points are the four corners of the first patch defined as the cross section of the
cylindrical tube. Next, move the top two points of the patch to their exact location.

MAIN
MESH GENERATION
MOVE

TRANSLATIONS
0 -0.2 O

POINTS
3 4 (Pick top 2 paints)
END LIST (#)

The next step isto define a second patch for the cross section of the flaring tool. Dueto the
conical shape of toal, it is best to use the cylindrical coordinate system to enter a set of
points for the cone angle of 15 degrees from the horizontal axis.

MAIN
MESH GENERATION
RECTANGULAR (to switch to CYLINDRICAL)
pts ADD
5 15 0
16 15 O
GRID (to switch off the grid)
FILL
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Figure 7-3  First Patch (Cross Section of Cylindrical Tube)

Before duplicating the newly generated pointsit isimportant to realize that all operations
aredoneinthelocal coordinate system. For now, ssimply changethe coordinate system back
to rectangular. This can be done by clicking on the CYLINDRICAL button twice.

Duplicate the just entered points and translate them 0.6 in the y-direction using the
following button sequence to form the upper corners of the flaring tool.

MAIN
MESH GENERATION
CYLINDRICAL

SPHERICAL

DUPLICATE
TRANSLATIONS
0O 0.6 O

POINTS

(to switch to SPHERICAL)

(to switch to RECTANGULAR)

5 6 (Pick the two points generated above)

END LIST (#)
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7-8

Thefour points for the second patch have now been defined. Use the srfs ADD command to
enter the second patch.

MAIN
MESH GENERATION
srfs ADD
5 6 8 7 (Pick points in counter-clockwise direction)
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Figure 7-4  Second Patch (Cross Section of Flaring Tool)

Use the following button sequence to translate the second patch until it almost meets the
cylindrical tube.
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MAIN
MESH GENERATION
MOVE
TRANSLATIONS
0 1.25 0
SURFACES

2 (Pick the surface to move)
END LIST (#)

The two patches that outline the cylindrical tube and conical flaring tool respectively are
shown in Figure 7-5.
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Figure 7-5  Tube and Flaring Tool Patches Defined
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The two patches are converted to elements. The number of subdivisionsis set to 8 x 3 for the
cylindrical tube and to 14 x 6 for the conical flaring tool. Use the following button sequence
to convert the two patches.

MAIN
MESH GENERATION
CONVERT

DIVISIONS
8 3

SURFACES TO ELEMENTS
1 (Pick the surface to convert)
END LIST (#)

DIVISIONS
14 6

SURFACES TO ELEMENTS
2 (Pick the surface to convert)
END LIST (#)

PLOT
draw POINTS (off)
label POINTS (off)
draw SURFACES (off)
REGENERATE
RETURN

In this sample session, the CONVERT option is used instead of the AUTOMESH option.
Although both options would create afinite element mesh, the CONVERT processor
allows for better control of the element distribution.

Figure 7-6 shows the results of the conversion process.
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Figure 7-6  Tube and Flaring Tool Patches Converted

Once you have converted the two patches to elements, you can assign a MARC element
type to the elements. Although Mentat will assign a default type to elements, based on the
dimensionality of the problem, it is advised to explicitly set the element type. The element
type selected for thisanalysisis MARC element type 10, a four-noded axisymmetric
quadrilateral element. Use the following button sequence to select this element typefor al
existing elements. (Pick from row FULL INTEGRATION and column QUAD(4)).

MAIN
JOBS
ELEMENT TYPES
mechanical elements AXISYMMETRIC SOLID
10
OK
all: EXIST.

(FULL INTEGRATION / QUAD(4))
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Figure 7-7  Select MARC Element Type

The displacement degree of freedom in the x-direction for the nodes at the far left end of
the cylindrical tubeis fixed

MAIN
BOUNDARY CONDITIONS
MECHANICAL
FIXED DISPLACEMENT
ON x displace
OK
nodes ADD
1 10 19 28
END LIST (#)

(on)

(Pick left row of nodes)
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Figure 7-8  Fixed Nodes of Cylindrical Tube in X-Direction

The deformable tool will be loaded by a pressure load. If there is no contact between tube
and tool, arigid body modeis present. Thisrigid body mode can be removed by entering a
week spring between tube and tool. Enter a spring by using the following button sequence
on the next page:
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MAIN
LINKS
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Figure 7-9  Specifying the Spring Between the Deformable Bodies
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Step 2

Apply material properties to both the tube and flaring tool. The properties for the tube are
different from those of the flaring tool. Use the following button sequence to assign the

material to all elements of the tube.

MAIN
FILL
MATERIAL PROPERTIES
ISOTROPIC
YOUNG'S MODULUS
30. Oeb
POISSON'S RATIO
0.3
PLASTICITY
INITIAL YIELD STRESS
3. 6e4
OK
OK
elements ADD

END LIST (#)
ID MATERIALS

(use the Box Pick Method to
select all tube elements)

(on)

Mentat User’'s Guide 7-15



w 7 Tube Flaring

Detailed Session Description

7-16

LAWERED WIATEA VA
MW COLPAETE] e |

BOWADEAN | permE [
CRERLANGHE | TARiES

B ERILEH T (314 ST
[Tmowamt. | s couos|

"0 EATENRLS I

f

FEL

Te=

T

s

i

FLar

T AL L
—

L

I

I

Firie
ke

HE
BHE

Figure 7-10 Material Properties Applied to all Tube Elements

sequence on the next page:
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MAIN
MATERIAL PROPERTIES
NEW
ISOTROPIC
YOUNG’S MODULUS
40. Oe6
POISSON’S RATIO
0.3
PLASTICITY
INITIAL YIELD STRESS
6. Oed
OK
OK
elements ADD (Use the Polygon Pick Method to
select all tool elements)
END LIST (#)
R TERLAL FHOFERTIES
W |are [mpan T | m
el o e
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BRI I —
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Figure 7-11 Material Properties Applied to all Elements
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Step 3

Identify the two contact bodies by storing the elements of each deformable body in a set
using the following button sequence:

MAIN
CONTACT
CONTACT BODIES
NAME
t ube
DEFORMABLE
OK
elements ADD (Use the Box Pick Method to
select all tube elements)
END LIST (#)
NEW
NAME
t ool
DEFORMABLE
OK
elements ADD (Use the Polygon Pick Method to
select all tool elements)
END LIST (#)

The easiest way to identify the contact bodiesis to request the program to draw the bodies
in different colors.

MAIN
CONTACT
CONTACT BODIES
ID CONTACT (on)
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Figure 7-12 Identifying the Tube and Flaring Tool by Color

Although maybe not apparent in Figure 7-12, the color of the tubeisdifferent from the
flaring tool and isindicated in the key that appears in the upper left hand corner of the
graphics area. Click on ID CONTACT once again to switch off the PLOT IDENTIFY mode

MAIN
CONTACT
CONTACT BODIES
ID CONTACT (off)
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Step 4

The following button sequence defines a table to specify the loading of the flaring tool.
Figure 7-13 gives a graphical representation of the flaring tool being loaded.

MAIN
BOUNDARY CONDITIONS
MECHANICAL
TABLES
NAME
| oadi ng
TABLE TYPE
time
OK
XMAX
87
XSTEP
87
YMAX
2400
ADD POINT
0 O
9 900
39 2400
87 0
SHOW MODEL
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Figure 7-13 Loading of Flaring Tool

Apply the load to all edges at the far right end of the flaring tool.

MAIN
BOUNDARY CONDITIONS
MECHANICAL
NEW
EDGE LOAD
pressure TABLE
| oadi ng
OK
OK
edges ADD (Pick edges)
38:1 52:1 66:1 80:1 94:1 108:1
END LIST (#)
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Figure 7-14 Loading Applied to Far Right End of Flaring Tool

The following button sequence creates a loadcase with the default name Icasel.

MAIN
LOADCASE
mechanical analyses STATIC

LOADS (select all loads)
OK

TOTAL LOADCASE TIME
87

# STEPS
87

OK
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Step5& 6

Once you have defined the loadcase, activate the constant dilatation procedure for all
elementsto avoid numerical problems due to the incompressible plasticity and activate the
large strain plasticity procedure based on the mean normal plasticity solution procedure.
Select theresult to be written on the post file, switch to axi-symmetric analysis, and submit
the job.

MAIN
JOBS
MECHANICAL
loadcases available
Icasel
ANALYSIS OPTIONS
CONSTANT DILATATION (on)
plasticity procedure SMALL STRAIN-MEAN NRM
(Switch to small-strain radial return procedure)
plasticity procedure SMALL STRAIN-RADIAL R
(Switch to large strain mean normal procedure)
OK
JOB RESULTS
tensors
stress
pl_strain
scalars
von_mises
tepl_strain
OK
AXISYMMETRIC
OK
SAVE
RUN
SUBMIT 1
MONITOR
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Step 7

Thefinal phase of the analysis cycle (shown in Figure 1-1 of Chapter 1) is postprocessing.
Postprocessing involves viewing and evaluating the results of an analysis.

In order to evaluate analysis results with Mentat, you must have a so-called post filewhich
consists of analysis results from the finite element analysis program MARC.

A typical postprocessing session may consist of the following steps:
m  Reading the post file created by submitting the job

m  Creating ahistory or path plot of the model

m  Displaying aplot of the model at specific increments

m  Viewing different levels of stress types on the model

The results of the flaring process analysis have been saved in apost file. Use the following
button sequence to open the file:

MAIN
RESULTS
OPEN DEFAULT
FILL

Zoominontheareaof contact for better access of the node that representsthetip deflection
of the tube. The resulting close-up of the contact area shown in Figure 7-15 should now
appear in the graphics area.
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Figure 7-15 Close up of Contact Area

The objective of the analysis, stated on page 7-3, requires a plot that demonstrates the tip
displacement versustheload. Sincetheloading patternisgivenin Figure 7-13, adisplacement
versus the increment plot can also be used. The tip displacement in y-direction on the inner
diameter of the tube is collected and displayed using the HISTORY PLOT option.
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MAIN
RESULTS
HISTORY PLOT
SET NODES
9
END LIST (#)
COLLECT DATA
0 100 1

7-26

The 0 isthefirst history increment, 100 the last history increment, and 1 isthe increment
step size. The program will read the increments indicated by the messageCol | ect ed
I ncrenment (nunber) inthedialogue area.

Once dl the datafor aplot has been collected, it can be displayed in a diagram where the
increment number isthe x-axisvariable and the displacement in they-direction isthe y-axis
variable. The FIT option allows you to view the history plot in the graphics area. Use the
following button sequence to display the graph:

MAIN
RESULTS
HISTORY PLOT
NODES/VARIABLES

ADD CURVE
9 (from the NODES panel)
I ncr enent
Di spl acenent y

FIT

Recall the objective of our analysis: to expand the tube diameter by 10%. The Y-axis
variable, displacement y, has to reach avalue of 0.4 in the unloaded configuration to meet
the objective. Click on the YMAX button and enter 0.5. Set the following plot settings to
label the history graph.
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MAIN
RESULTS
HISTORY PLOT
SHOW IDS
10
XSTEP
20
YSTEP
20
YMAX
0.5

The maximum value for y-displacement is obtained in increment 39. After thisincrement,
theflaring tool isunloaded. The overshoot isnecessary to obtain a 10% permanent diameter
increase in the load-free state.
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Figure 7-16 History Plot of Node 9 over 87 Increments

To better understand the process, it is helpful to look at an animation of the deformation of
thetip of the tube. Return to the postprocessing results panel and click on the DEF & ORIG
button to view both the original and the deformed structure. At this point, drawing the nodes

and the internal edges of the mesh is no longer necessary.
Use the following button sequence on the next page to change the plot settings so that only

the outline edges of the model are displayed.
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MAIN
PLOT
MORE
OUTLINE
PREVIOUS
draw element FACES (off)
draw NODES (off)
REGENERATE
FILL

Once the nodes and element faces of the interior mesh have been suppressed, leaving only
an outline of the two structures, you get a much clearer picture of the extent of the
deformation that has taken place.

For animation purposes, the data that is processed needs to be condensed. The datais
automatically condensed and written to disk for each frame of animation. Once this process
has been completed, the frames can be traversed when shown in playback mode. Use the
following button sequence to condense the data and activate the playback.

MAIN
RESULTS
REWIND
NEXT INC
DEF&ORIG
MORE
animate INCREMENTS
100 1
animate ANIMATION
FILL
PLAY
SHOW MODEL

The 100 incrementsis a user defined upper limit of the number of frames that are to be
created for the animation. The numeral 1 on the same line represents the interval at which
to create aframe. In this case, each increment is defined to be aframe.

Mentat User’'s Guide 7-29



w 7 Tube Flaring Detailed Session Description

The von Mises stresses induced by the flaring process on the model can be viewed using the
following button sequence:

MAIN
RESULTS

SKIP TO INC
39

SCALAR
DOWN
Equivalent von Mises Stress
OK

CONTOUR BANDS

The resulting model shown in Figure 7-17 clearly indicates that the von Mises Stress is
concentrated in two areas: the tip of deflection, where the tube made contact with the tool,
and in the area where the tube is deformed.
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Figure 7-17 Plot of Original & Deformed Tube showing von Mises Stresses at Increment 39

Next, you can check the model for the plastic strain. Since you have already specified the
increment and have contour bands selected, you only need to click on SCALAR and Total
Equivalent Plastic Strain from the pop-up menu to check for permanent deformation. The
resulting model, shown in Figure 7-18, indicates where plastic strain is found.
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Figure 7-18 Plot of Original & Deformed Tube showing Plastic Strain at Increment 39

If you areinterested in viewing the von Mises stresses over the course of 87 increments,
make sure you have CONTOUR BANDS selected under the SCALAR PLOT panel, and von

Mises as scalar quantity, prior to animating the model using the button sequence shown
before.
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Conclusion
As mentioned in the chapter overview, the goal of the analysis described in this sample
session was threefold.

1. To determine whether the final shape of the tube meets the objective of the
analysis.

2. To determine whether residual stresses are present in the steel tube and flaring tool.

3. If residual stresses are present, to determine what those residual stresses are.

The results of the analysis demonstrate that the goals of the analysis have been met.
1. You have seen that the flaring tool expands the diameter of the tube by 10%.

2. Residual stresses are present in the steel tube; however, there are not any
noticeable stresses in the flaring tool.

3. Figure 7-18 shows the equivalent plastic strain just before the tool is released.
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Procedure File

7-34

| Version : Mentat 3.3

*alias action

*exec_p gen_i mage. proc

@op()

*action | figure 7.0 -
*action | figure 7.1 -
*action | figure 7.2 -

I

| step 1

I

@ush( neshgen)
@ush(coord_systen)
*grid u_domain

08
*grid_u_spacing
1
*grid_v_domain
05
*grid_v_spacing
0.5

*set _grid on
*Till _view
@op(1)

@ush( pl ot _screen)
*set _point _| abels on
@op(1)

I

| create a surface corresponding to the tube

| length=8.0, inner

*add_surfaces

poi nt(  0.000000000000e+00,

0. 000000000000e+00)

poi nt( 8.000000000000e+00,

0. 000000000000e+00)

poi nt( 8.000000000000e+00,

0. 000000000000e+00)

poi nt (  0.000000000000e+00,

0. 000000000000e+00)
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@ush(nmove)
*set _nove_translations
0-0.20
*nove_points

3 4
# | End of List
*action | figure 7.3
@op(1)
@ush(coord_systen)
*system cylindrica
@op(1)
*add_points
5150

16 15 0
*set _grid off
*fill _view
@vush(coord_systen)
*system rectangul ar
@op(1)
@ush(duplicate)
*set _duplicate_translations
0.60
*duplicate_points

5

6
# | End of List
@op(1)
*add_surfaces

5

6

8

7
*action | figure 7.4
@ush(nmove)
*set nove_translations
01.250
*nove_surfaces

2
# | End of List
*action | figure 7.5

@op(1)
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mesh the tool 14x6 el enents

I

@ush(convert)
*set _convert divisions
8 3
*convert surfaces

1
# | End of List
*set _convert _divisions

14 6
*convert _surfaces

2
# | End of List
@ush(pl ot _screen)
*set _points off
*set _point _| abel s off
*set _surfaces off
*regenerate
*action | figure 7.6

I

| select the marc el ement type
I

@op(1)

@op(1)

@op(1)

@ush(j obs)
@ush(el emrent _types)
@opup(mech_el type_axi sym solid_pm
*action | figure 7.7
*el ement _type 10
@opdown(mech_el type_axi sym solid _pm
all _existing

@op(1)

I@JOI)( 1)

| fix the far let side of the tube in axial direction
I

@ush(apply)

@ush(appl y_nmechani cal )

|
| mesh the tube 8x3 el enments
I
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*apply_type fixed _displ acenent
@ et ($user subf v, FORCDT)
@opup(fixed_disp_pnm
*appl y_dof x
@opdown(fixed _di sp_pm
*add_appl y_nodes

1 10 19 28
# | End of List
*action | figure 7.8

@op(1)

I@op( 1)

| create an artificial connection between the tube
| and the tool by neans of a spring
I

@ush(Ilinks)

@et ($cl ass, spring)

@et ($notcl assl, tie)

@et ($not cl ass2, servo)
@ush(springs_dashpots)
*zoom box
*zoom box( 1, 0.439909, 0. 375318, 0. 540816, 0. 496183)
*link _class spring *link value stiffness
10e3
*l'ink_class spring *spring_node O
131
*link_class spring *spring_dof O

1
*link_class spring *spring_node 1

9
*link_class spring *spring_dof 1

1
*action | figure 7.9

@op(1)

I@JOI)( 1)

step 2

I
I
| define and assign material properties to both tube and tool
I
*

fill_view
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7-38

@ush(mat _props)
*mat eri al _type mechanical :isotropic
@opup(mat _i sotropic)
*mat eri al _val ue i sotropic: youngs_nodul us
30e6
*mat eri al _val ue isotropic: poissons _ratio
.3
*material _type plasticity
@opup(i so_pl asti c_popnenu)
*material _value plasticity:yield stress
3. 6e4
@opdown(i so_pl asti c_popnenu)
@opdown( mat _i sot ropi c)
*add_material _elenments

123456789 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
# | End of List
*identify materials *regen
*action | figure 7.10
*new_nmat eri al
*materi al _type mechani cal :isotropic
@opup(mat _i sotropi c)
*mat eri al _val ue i sotropic: youngs_nodul us
40e6
*material _val ue i sotropic: poissons_ratio
.3
*material _type plasticity
@opup(iso_plastic_popnenu)
*material _value plasticity:yield stress
6. Oe4
@opdown(i so_pl asti c_popnenu)
@opdown( mat _i sot r opi c)
*add_material _elenents

25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46
47 48 49 50

51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72
73 74 75 76

77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98
99 100 101

102 103 104 105 106 107 108
# | End of List
*action | figure 7.11
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@op(1)

I
| step 3
I
| assign the elenments of tube and tool to contact bodies
I
@ush(cont act)
@ush(contact _bodi es)
*cont act _body_nane
t ube
*cont act _def ornabl e
@opup(cont act _def orm pm
@opdown( cont act _def orm pm
*add_cont act _body_el enment s
123456789 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
# | End of List
*new_cont act _body
*cont act _body_nane
t ool
*cont act _def or mabl e
@opup(cont act _deform pm
@opdown( cont act _def orm pm
*add_contact_body_el enents
25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46
47 48 49 50
51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72
73 74 75 76
77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98
99 100 101
102 103 104 105 106 107 108
# | End of List
*identify_contact *regen
*action | figure 7.12
*identify_none *regen
@op(1)
I@op( 1)
step 4

I

I

| define the tinme dependent |oading of the flaring tool
| and apply this to the el ement edges at the far right
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| of the flaring too

|

@ush(appl y)

@ush(appl y_nmechani cal )
@ush(tabl e)

*set table type
@opup(tabl e type pm
@ist(table type list,0)
time
@opdown(tabl e type pm
*set _tabl e_xmax

87

*set _tabl e_xstep

87

*set _tabl e_ymax

2400

*t abl e_add

00

9 900

39 2400

87 0

*action | figure 7.13
*show_nodel

@op(1)

*new_apply

*apply_type edge_l oad
@et ($user subf v, FORCEM

@opup(appl y_edge_| oad_popnenu)

*apply_val ue p
*apply_table p0O
@et ($dof, p0)

@opup(appl y_sel ect _t abl e_popnenu)
@ist(select _table list,0)

t abl el

@opdown( appl y_sel ect _t abl e_popnenu)
@opdown( appl y_edge_I| oad_popnenu)

*add_appl y_edges

38:1 52:1 66:1 80:1 94:1 108:1

# | End of List
*action | figure 7.14

@op(1)
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|@>0|0( 1)

| define | oadcase

I

@ush(| oadcase)

@ush(1 case_nechani cal)

*| oadcase_type static

@opup(l case_static)

*| oadcase_val ue tine

87

*| oadcase_val ue nsteps

87

@opdown(l case_static)

@op(1)

|@>0|0( 1)

| step 5 and 6

| define a job

|

@ush(j obs)

*j ob_cl ass nechani cal

@opup(j ob_nechani cal)
@ist(job_remlcase_|ist,0)
@ist(job_add_Icase_list,0)
*add_j ob_| oadcases | casel
@opup(j ob_an_opts_nech_poprenu)
*job_option cdilatation:on
*job_option plasticity:s_strn_rr
*job_option plasticity:l_strn_m_add
*job_option cdilatation:on
@opdown(j ob_an_opts_nech_popnenu)
@ist(job_add_Icase_list,0)
@ist(job_remlcase_|ist,0)
@opup(tensor_scal ar _popmenu)
@i st(post_tensor_listl,0)

@i st (post_var_list1,0)
*add_post _tensor stress
*add_post _tensor pl _strain
*add_post _var von_mi ses
*add_post _var tepl _strain
@opdown(tensor_scal ar _popnenu)
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@ist(job_add I case |ist,0)
@ist(job_remlcase |ist,0)

*j ob_option di nen: axi sym

@opdown(j ob_mechani cal)

@ush(fil e_screen)

@et ($file_browser_I| abel, SAVE AS FI LE)
@et ($fil e_browser _conmand, *save_as_nodel )
@opup(save_fil e _browser popnenu)
@ist(save file_browser filelist,0)
@ist(save file browser _dirlist,0)
*save_as_nodel c¢07.nud yes
@opdown(save_fil e_browser_popnenu)
@op(1)

*updat e_j ob

@opup(j ob_run_popmnenu)

*submit_job 1

*noni tor _job

@opdown(j ob_run_popmnenu)

I@’OID( 1)

| step 7

I

| open the post file

I

@ush(results)

*post _open_def aul t

*zoom box

*zoom box( 1, 0. 456916, 0. 460560, 0. 578231, 0. 582697)
@ush(post _history_plot)

*action | figure 7.15

*set _hi story_nodes

9

#

*hi story_col | ect
0 100 1

@ush(hi story_nodes_vars)
@i st (hist_node_list,0)
@ist(hist_var list,0)
*hi story_add

9

I ncr ement
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Di spl acement y
*history fit

@op(1)

*set _history_increnent _id
10

*set history xstep

20

*set history_ystep

20

*set _history_ynmax

.5

*history filled

*action | figure 7.16
@op(1)

@ush(post _history_plot)
*show_nodel

@op(1)
@ush( pl ot _screen)
@ush(plotl _screen)
*edges_outline

@op(1)

*set _nodes off

*set faces off
*regenerate

*fill _view

@op(1)

*post _rew nd

*set _defornmed both
@ush(results2)

*post _ani mate_i ncrenment s

100

1
@ush(ani mati on_screen)
*Fill _view

*ani mati on_pl ay
*show_nodel
@op(1)

@op(1)

*post _skip_to
39

*post _val ue
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7-44

@opup(post _scal ar_pn)

@i st(post_scalar _list,0)
@i st (post_scalar_list,1)
@i st (post_scalar_list, 22)
Equi val ent Stress
@opdown( post _scal ar_pn)
*post _cont our _bands
*action | figure 7.17
*post _val ue

@opup(post _scal ar_pm

@i st (post_scalar_list, 22)
Equi val ent Plastic Strain
@opdown( post _scal ar_pm
*action | figure 7.18

@op(1)
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Container

Chapter Overview

This chapter demonstrates the modeling and analysis of the bottom of an aluminum
container under internal pressure. The particular configuration of this container bottom
leads to a snap-through problem. Accurate modeling of the geometry is essential sinceit
dramatically influences the snap-through process.

The primary goal of this chapter isto show you three Mentat functionalities.
m  Using nonlinear analysis to solve a snap-through analysis problem

m Using the TABLES option to specify input data that changes with time,
plastic strain, etc.

®  Animating the results of an analysis
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Background Information

Description

The container, asoft drink can, isassumed to beacircle cylinder with aradius of 1.3 inches
and atotal height of 4.8 inches. The container* is made out of aluminum and has awall
thickness of 0.025 inches

Figure 8-1  Aluminum Container

* Note: At times the container may be referred to as can in the text.
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Idealization

The geometry of this problem isfairly smple due to two factors. Thefirst isthat the
geometry and the loading of the container are axisymmetric and allow you to perform an
axisymmetric analysis. The second factor isthat the focus of the analysisisrestricted to the
phenomena that occur at the bottom of the container. In this analysis, the height of the
container, h, islimited to alength where the edge effects are damped out. The theory behind
this assumption is explained below.

If h=25./rt
where r = the radius of the container,
t = the wall thickness,

the solution decreases to about 4% of itsvalue at the bottom edge. In thisexample, it means
you can safely ignore the influence of the top edge since the critical height, h, is equal to
0.4519, calculated as follows:

h = 25./1.307 x 0.025 = 0.4519

Anawarenessof thisdecay distanceisvery important innumerical calculations. If youwish
to correctly capture the behavior of the solutionin the edgeregion, thetypical finite element
size must be small in comparison to the decay distance.
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Background Information

Arc 1

Center (0.0, 0.0, 0.0)
Radius 2.354

Angle (0, 22)

Arc 2

Center (2.026, 1.0, 0.0)
Radius 0.063

Angle (129, 265)

Arc 3

Center (2.0, 1.2, 0.0)
Radius 0.125

Angle (296, 334)

Arc 4

Center (2.3, 1.127, 0.0)
Radius 0.18

Angle (90, 162)

Arc 5

Tangent to Arc 1
Radius 0.05
Extending angle 50

Center line

Figure 8-2

Section of Container to be Analyzed

Requirements for a Successful Analysis

8-4
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Nonlinear problems that involve buckling or snap-through are prime candidates for
displacement controlled incremental strategies. Unfortunately, the problem at handisaload
controlled problem. In order to able to traverse the load versus displacement curve of a
point on the bottom of the container you must use aloading pattern such that the load
increment is scaled in size and applied in the correct direction. The arc-length method
combined with a Newton-Raphson iterative scheme will guarantee you that the entire load
displacement curve can be traversed. Needless to say, the solution of this problem consists
of large displacements and finite strains.
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Full Disclosure

m  AnalysisType
Nonlinear snap-through.

m Element Type
MARC Type 89, axisymmetric shell.

m  Material Properties
Aluminum with workhardening.
I sotropic with Young's Modulus = 11.0e6 p.s.i and Poisson’s Ratio = 0.3.

The stress-strain data used to define the workhardening of the aluminum islisted in
Table 8-1 and graphically represented in Figure 8-3.

Table 8-1 Stress Strain Data

Log Total

: Cauchy . .

Plastic Stress (y) Engineering

Strain (x) Strain
0.0 42000.0 0.0038
0.001748 44577.0 0.0057
0.003494 45157.0 0.0075
0.06766 63665.0 0.0755
0.09531 70950.0 0.1058
0.1570 81315.0 0.1763
0.2070 88560.0 0.2365
0.2623 95216.0 0.3066
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oo
workhard WMARC

true_stress (x10e+5)

1

log_strain (x.1) 1

Figure 8-3  Graphical Representation of Cauchy Stress vs. Logarithmic Plastic Strain Data
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Background Information

Overview of Steps

Step 1
Step 2
Step 3
Step 4

Step 5

Step 6
Step 7
Step 8
Step 9
Step 10
Step 11
Step 12

Input all arcs according to the measurements specified in Figure 8-2.
Input straight lines to connect the arcs.
Convert the geometric entities to finite elements.

Use SWEEP to eliminate all duplicate nodes, then switch the element classto
guadratic shell elements and attach the midside nodes to the curves.

Add kinematic boundary conditions to enforce the symmetry and restrain rigid
body motion.

Specify edge loads.

Rectify connectivity to ensure consistent normals.
Add material properties.

Add geometric properties.

Define the loadcase.

Submit the job.

Postprocess the results by looking at the deformed shape and the load -
displacement curve of the node located on the symmetry axis.
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Detailed Session Description

Step 1

A structure that is modeled with axisymmetric elements requires the global x-axisto point
into the axial direction of that structure. Asaresult of thistype of modeling, the container
will be displayed in a horizontal position.

Asin Chapter 7, this sample session demonstrates the use of the geometric meshing
technique. The geometric entities used to create the mesh are two types of curves: arcs and
lines. Once you have generated the geometric model, the arcs and lines are converted to
finite elements. Refer to Chapter 3 for more information on mesh generation techniques.

Use the Center/Radius/Angle(begin)/Angle(end) arc type (CRAA) to create the first arcs of
the geometry. Use the following button sequence to select and add the CRAA arc type. The
values for the measurements of the arcs are given in Figure 8-2.

MAIN
MESH GENERATION
CURVE TYPE

CENTER/RADIUS/ANGLE/ANGLE
RETURN

crvs ADD
0O 0 O (center)
2. 345 (radius)
0 22 (angle limits)
2.026 1 O (center)
0. 063 (radius)
129 265 (angle limits)
2.0 1.2 O (center)
0.125 (radius)
296 334 (angle limits)
2.3 1.127 O (center)
0.18 (radius)
90 162 (angle limits)
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Switch on the labeling of points.

MAIN
FILL
PLOT
label POINTS (on)
REGENERATE

Figure 8-4 shows the four arcs.
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Figure 8-4  Using CRAA Type Arcs to Create First Four Curves

Thenext stepisto add anew arc (number 5) so that it istangent to arc 1, thelower arc, using
the following button sequence on the next page:
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MAIN
MESH GENERATION
CURVE TYPE

TANGENT/RADIUS/ANGLE

RETURN
crvs ADD

3

0. 05

50.0

(click end point of arc #1)
(radius)
(arc angle)

Ty
L

Wume | rwes | For | wew |7 ove ugoe
- il

g __————

HE
HE

2
i

Figure 8-5
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Step 2

Finally, add the straight lines to complete the geometric description of the model. Set the

curvetypeto LINE. Use the crvs ADD button on the mesh generation panel and click on the
existing points that need to be connected. Aswe noted in the section on Idealization, page
8-3, itisnecessary to extend thewall of the cylinder to at least 0.4519 inches from the edge

to ensure that the edge effects are negligible.

MAIN
MESH GENERATION
CURVE TYPE
LINE
RETURN

crvs ADD
11 14 (Click on points to connect)

4 9 (Click on points to connect)
8 17 (Click on points to connect)

The origin chosen for this problem is 2.354 inches to the left of point 1 of arc 1. The total
extent of the wall necessary is therefore 2.354 + 0.4519; that is, approximately 3 inches.
Therefore, we will add apoint at 3.0 1.307 0.0.

MAIN
MESH GENERATION
pts ADD
3.0 1.307 0.0
FILL

crvs ADD
12 18 (Click on points to connect)
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I EH CERE RATHIN
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Figure 8-6  Connect the Arcs by Lines

Usethe CONVERT processor, located on the mesh generation panel, to convert the
geometric entities (in this case, curves) to finite e ements. You must specify the number of
elementsfor each curve. A higher mesh density isrequired at sections of high curvature and
large displacementsthan in regions where the valuesfor stressand strain are expected to be
less severe. For thisreason, you must specify alarger number of convert divisionsfor those
arcs of high curvature and large displacements as indicated in the button sequence given
below. Figure 8-7 shows the result of converting the curvesto finite elements.
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Step 4

MAIN
PLOT

label POINTS
label CURVES
REGENERATE
RETURN

MESH GENERATION
CONVERT

DIVISIONS
8 1

CURVES TO ELEMENTS
1 9

END LIST (#)

DIVISIONS
6 1

CURVES TO ELEMENTS
4 2

END LIST (#)

DIVISIONS
4 1

CURVES TO ELEMENTS
6 3

END LIST (#)

DIVISIONS
3 1

CURVES TO ELEMENTS
7 5 8

END LIST (#)

(off)
(on)

(Number of subdivisions)

The previous operations may have left duplicate nodes; that is nodes with different
identification numbers but occupying the same space. In finite el ement terms, these nodes
are not connected which may introduce undesirable mechanismsin the structure.
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Figure 8-7

Model after Converting Curves to LINE(2) Elements

Use the SWEEP processor introduced to you in the sample session of Chapter 4 to
eliminate the duplicate nodes that occupy the same location. Since thisinvolves a
comparison of real numbers that cannot be done exactly in a computer, nodes are swept
together if they are within a certain tolerance from each other. This tolerance can be
changed from its default value. Be careful when adjusting the tolerance: too large a

tolerance can collapse the entire structure into a single point.

MAIN
MESH GENERATION
SWEEP
sweep NODES
all: EXIST.
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In order to describe the curved geometry as precise aspossible, thelinear (LINE (2) elements)
will be converted to e ements with a quadratic interpolation function (LINE (3) e ements).

MAIN
MESH GENERATION
CHANGE CLASS
LINE (3)
ELEMENTS
all: EXIST.

The mid-side nodes will be positioned on the straight line that connects the nodes of the
original LINE(2) element. In order to take full advantage of the higher interpolation
function the mid-side nodes will have to be positioned on the arcs. Thisis done using the
ATTACH processor, more in particular the ATTACH NODES TO CURVE option.

The procedure requires that the user zooms in on each arc, activates the proper attach
option, selectsthe curve and identifies the nodesto be attached. Non-attached nodes can be
recognized by the square marker while attached nodes are drawn as circles.
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MAIN

MESH GENERATION
ATTACH

1
54 55 56

END LIST (#)
5
92 91 90
END LIST (#)
2
70 71 72
END LIST (#)
3
82 83 84
END LIST (#)
4
81 80 79
END LIST (#)

attach nodes CURVE

57

73

85

78

58 59 60 61

74 75

77 76

(Pick curve)

(Pick nodes)

(these are the mid-side nodes in the
definition area of curve #1)

(Pick curve)
(Pick nodes)

(Pick curve)
(Pick nodes)

(Pick curve)
(Pick nodes)

(Pick curve)
(Pick nodes)

The situation prior to and after the attach operation on curve 2 are shown in Figure 8-8 and

Figure 8-9.
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Figure 8-8  Situation prior to Attach to Curve 2
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AFTSCH
L] - MARAC
[T .-\.-d/-',"
e T I ,‘/"
EHECTHRN -
- :
.-r"-.ar
-
[T - ]
HH
EARTACE ] 4
ToupRaec i ‘f
AITACH HODES
BinT LR
BT HIERBEET
ATTAEH FAFRERTY
S | sumpace i
EElacH
RaIER |mpeny |
T PO ° \‘h."“"—v__
TIAL ST | __"‘“—q..w
HIEASECT | -u_____h__'
L3
AN B e L -
SELEST ¥
BETLRH Ly WO | BVE RS FEL MESET V9w Te | T | Tfa | Fese | WF= | AEs | SO0 |
m'm'ﬂnrmrmmmwnmmgwm“Fm

Figure 8-9  Situation after Attach to Curve 2
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Step 5

In an axisymmetric shell analysis, there are three types of applicable displacements or
degrees of freedom (d.o.f.): axial, radial, and rotational. The axial d.o.f. isrepresented as a
global x, and the radial asaglobal y.

For this particular model, the boundary conditions are simple. Thisis due to the symmetry
conditions applied to the center line node through the suppression of radial displacement
and in-plane rotation.

MAIN
PLOT
label CURVES (off)
draw CURVES (off)
draw POINTS (off)
RETURN
BOUNDARY CONDITIONS
MECHANICAL
NEW
FIXED DISPLACEMENT
ON y displace (on)
ON z displace (see note*) (on)
OK
nodes ADD
1 (Pick the lower left node)
END LIST (#)
FILL

* Note:

The buttons x displace, y displace, z displace, x rotation, y rotation, and z rotation refer to the 6
d.o.f. that generally exist for a node of a 3-D shell element. However, this problem uses an
axisymmetric shell element with the following 3 d.o.f.: displacement in x-direction, displacement
in y-direction, and rotation about the z-axis. In such cases, the button x displace refers to the
displacements in x-direction, y displace refers to displacements in y-direction and z displace
refers to the 3rd degree of freedom, the rotation about the z-axis.
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8-20

Figure 8-10 shows you the model with the boundary conditions added.
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Figure 8-10 Fixed Displacement at Axis of Rotation

Next, suppress two degrees of freedom of the extreme node at the circumference of the can: 1)
suppressthe movement inthe axial direction, and 2) suppressthe rotational degree of freedom.

MAIN
BOUNDARY CONDITIONS
MECHANICAL

NEW

FIXED DISPLACEMENT
ON x displace
ON z displace
OK

nodes ADD
18
END LIST (#)

(on)
(on)

(Pick the top right node)
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Figure 8-11 Boundary Conditions at the Circumference of Container
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Step 6

8-22

To specify the loading sequence, use the TABLES option to create the load table using the
following button sequence:

MAIN

BOUNDARY CONDITIONS

MECHANICAL

TABLES

TABLE TYPE
time
OK
XMIN
0
XMAX
1
YMIN
0
YMAX
500
NAME
| oadi ng
ADD POINT
0 O
1 500
label X-AXIS
tinme
label Y-AXIS

pressure

You will refer to the table name, | oadi ng, when you apply the edge loads. The xmin,

xmax, ymin and ymax values specify thetablelimits. TheOto 1 rangeisfor thex vaueand
0to 500 istherangefor they value. The x-axisrepresents the time (which isto be regarded
adummy variablefor thisanalysis) and the y-axis representsthe pressureload. Theloading
pattern is specified as zero edge load at time 0 and an edge load of 500 at time 1. Since the
total loadcase time, used for quasi static analysis (LOADCASE menu), will be set to 1.0, this
table will result in atotal load of 500 to be reached at the end of the loadcase. Thetable

points can be entered either viathe keyboard or by using the mouse to pick the (0, 0.0) point

in the graph followed by the (1, 500.0) point.
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Figure 8-12 Load History Table

As mentioned on page 8-4 , it isthe task of the analysis program to define aload
incrementation that reaches the target load.

Now that the load type and the load path have both been defined, use the following button
sequence on the next page to specify where to apply this load.
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MAIN

BOUNDARY CONDITIONS

MECHANICAL
NEW

EDGE LOAD

PRESSURE

1

pressure TABLE

loading
OK
OK
edges ADD

all: EXIST.
FILL

multiplied by the values defined in the table.

The actual load applied to the structureis 1 (the base value entered at the pressure prompt),

iy
L

BETLAH L] oo | v pmaw | rel nesavew | Tee | T | T8 | R | e | nes | mooel (0 | usn
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Figure 8-13 Pressure Load Applied
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Step 7

Figure 8-13 clearly indicates the pressure load has not been applied in the correct direction
for all elements. Thisis caused by the way the curves were created. The outward normal
that determinesthe positive direction of theload isdirectly dependent on which point of the
arc was defined first. Figure 8-14 depicts this dependency on an element that has a 1-2

connectivity.
y y
n
1 2
¥,
X X
2 1

Figure 8-14 The Outward Normal in Arc Definition

The connectivity of the elements can easily be corrected using the following button
sequence.

MAIN
MESH GENERATION
CHECK
FLIP ELEMENTS
(Pick the elements to be flipped)

END LIST (#)
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8-26

You may want to usethe zooM option for closer view of the areaswhere the flipped el ements
arelocated to makeit easier for you to pick the el ementsthat have been loaded in the opposite
direction. Pick the elements by moving the cursor over each element and clicking <M L >.
Don't forget to specify end of list by clicking <M R> in the graphics area when you have
picked al the flipped elements. Click on FILL to rescale the mode to fill the graphics area if
you have used the zOoMm option. Figure 8-15 shows the model with corrected loading.
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Figure 8-15 Correctly Directed Loads for all Elements
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Step 8

The specific values for the isotropic material specification can be entered using the
following sequence of buttons:

MAIN
MATERIAL PROPERTIES
ISOTROPIC

YOUNG’'S MODULUS
11. Oeb

POISSON’'S RATIO
0.3

OK

The stress-strain data of the material requiresthe use of the TABLES option similar to Step 6
when you added the edge |oads. Remember that the table values are multiplied by the base
value as was explained before in the section on specification of the pressureload. Thetable
nameis specified by clicking on the NAME button followed by typing inwor khar d asthe
name of thetable. You will use this table name later. The values for the plastic strain and
stress are listed in Table 8-1. Note that based on the solution procedure (i.e. large
displacements, updated L agrange procedure, finite strain plasticity), thisdatamust be of the
form listed below.

Table 8-2 Stress Strain Definitions

Procedure Stress Strain
Default Engineering Engineering
Large Displacements 2nd Piola-Kirchhoff Green-Lagrange
Large Strain Plasticity True (Cauchy) Logarithmic
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8-28

The following button sequence is used to define the stress-strain data table.

MAIN

MATERIAL PROPERTIES

TABLES
NEW

Mentat User’'s Guide

TABLE TYPE
plastic_strain
OK

XMIN
0

XMAX
0.5

YMIN
0

YMAX
1. 0e5

NAME
wor khar d

label X-AXIS
| og_strain

label Y-AXIS
true_stress

ADD POINT

SHOW MODEL
RETURN

(Refer to plastic strain stress data in
Table 8-1 on page 8-5)
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Figure 8-16 Workhardening Slope

Plasticity may occur due to the extreme loading. Click on the PLASTICITY button which
shows the plasticity properties panel. Choose the defaults von Mises yield criteria and the
isotropic hardening rule. Theinitial yield stressisset to 1, which meansthat thetable values

are multiplied by afactor of 1.

MAIN
MATERIAL PROPERTIES
ISOTROPIC
PLASTICITY
INITIAL YIELD STRESS
1
initial yield stress TABLE 1
workhard
OK
OK
OK
elements ADD
all: EXIST.
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Step 9

Specify the element thickness for all elements using the following button sequence:

MAIN
GEOMETRIC PROPERTIES
AXISYMMETRIC
SHELL
THICKNESS
0. 025
OK
elements ADD
all: EXIST.

Step 10

Now that you have defined the individual loads and kinematic constraints, define aloadcase
that combines these boundary conditions.

A pop-up menu appears over the graphics area containing alist of available boundary
conditions and their status (selected or not). Combine these individual loads in aloadcase
that can be referred to by aname. The default namefor thisloadcaseis|casel. Clearly you
want al kinematic constraints and distributed loads (pressures) to be applied so all
boundary conditions must be selected. Use the SELECT and DESELECT buttonsto activate
and deactivate the boundary conditions respectively. Confirm the correctness of this
loadcase definition by clicking on the OK button.

MAIN
LOADCASE
mechanical analyses STATIC
LOADS
OK
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Thefollowing individual components for an analysis have already been specified:

1. You defined the topology and connectivity of the finite element model.

2. You assigned boundary conditions, material properties, and geometric properties.
3. You combined the boundary conditions in aloadcase.

Since snap-throughislikely to occur in this problem the user hasto instruct MARC to solve
a system of equations with a non-positive definite tangent stiffness matrix.

MAIN
LOADCASE
mechanical analyses STATIC
SOLUTION CONTROL
NON-POSITIVE DEFINITE (on)
OK

Furthermore, the default settings for convergence testing are not well suited for this
particular problem. Although the default type of testing, relative testing on residual forces,
IS appropriate, the relative force tolerance needs to be reduced. The necessity of thisaction
can be explained by looking at the boundary conditions: the constraint on the axial
displacement degree of freedom is found at a large radius (node 18). Due to the internal
pressure we will find alarge reaction-force at this node. Allowing a certain percentage of
this reaction-force to be present as residuals anywhere in the structure will result in
undesired interference of those residuals with the automatic load stepping process.

MAIN
LOADCASE
mechanical analyses STATIC
CONVERGENCE TESTING
RELATIVE FORCE TOLERANCE
0.05
OK
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Finally, the adaptive load stepping agorithm of MARC will be activated. This algorithm
alowsfor theanalysis of snap-through phenomenain which theload incrementation needsto
be scaled depending on the amount of nonlinearity that is occurring. Various parameters
control this procedure. In this case, we will alow for amaximum of 600 increments. In the
first increment 0.05 (5%) of thetotal load will be applied. Also, the user needsto specify that
the arc length will never exceed the value used in the first increment. The default MODIFIED

RIKS procedure will be used.

MAIN
LOADCASE
mechanical analyses STATIC
mech. load (arc length) PARAMETERS
MAX # INCREMENTS
600
INITIAL FRACTION
0.05
MAX ARC LENGTH MULTIPLIER
1.0
OK

Step 11

8-32

It istimeto prepare the loadcase for ajob and to submit it for finite element analysis.
Prior to defining the job parameters, the appropriate MARC element typeis set.

Next, the analysis class MECHANICAL is activated, resulting in a pop-up menu over the
graphics area. Click the SELECT button and pick the Icasel button from the available
loadcases list to select the only available |loadcase for this job.
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MAIN
JOBS
ELEMENT TYPES
mechanical elements AXISYMMETRIC SHELL
89
OK
all: EXIST.
RETURN
MECHANICAL
loadcases SELECT
Icasel

(LINE 3/ thick shell)

Aswe have indicated before, this analysis involves large displacements, finite strain
plasticity, updated Lagrange procedure, and follower forces. The finite element program
requires directives that indicate this. From the mechanical analysis pop-up menu, click on
the ANALYSIS OPTIONS button and activate the following options:

MAIN
JOBS
MECHANICAL
ANALYSIS OPTIONS
SMALL STRAIN-MEAN NRM
SMALL STRAIN-RADIAL R

(Switch on large strain radial return procedure)
NO FOLLOWER FORCE

(to switch to FOLLOWER FORCE)
OK

Theresults of the analysiswill appear in aresultsfile. Specify the results variablesyou are
interested in by clicking on the JOB RESULTS button from the mechanical analysis pop-up
menu. Select Equivalent Plastic Strain and Equivalent von Mises Stress variables. Finally,
set the numbers of layers used for integration through the shell thicknessto 5.
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MAIN
JOBS
MECHANICAL
JOB RESULTS
scalars
von_mises
ouT
tepl_strain
ouT
OK
JOB PARAMETERS
# SHELL/BEAM LAYERS
5

Thisanaysis may involve alarge number of increments. For this reason, you may want to
write the results every 10 increments using the FREQUENCY button. For this sample
session, however, write every increment which is the default value of the FREQUENCY
option and confirm the settings by clicking on the OK button.

The following button sequence submits the job. The job can be monitored using the
MONITOR option which, in case of automatically running the procedure file, prevents
Mentat from proceeding to Step 12 before the analysis has run to completion.

MAIN
JOBS
CHECK
SAVE
RUN
SUBMIT 1
MONITOR

Thisanalysis takes a few minutes, depending on the power of the host to which you are
submitting the job.
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Step 12

Theresults of the analysis step are stored in adisk file. To accesstheresults, it is necessary
to open thisfile and (selectively) extract datafromit. Use the following button sequence to
open thefile.

MAIN
RESULTS
OPEN DEFAULT

Click ontheFILL button located in the static menu areato scalethe model tofill the graphics
area. The following button sequence removes the node labeling and gives you a clearer
picture of the model shown in Figure 8-15.

MAIN
FILL
PLOT
draw NODES (off)
REGENERATE
RETURN

We are interested in the deformed shape as a function of the increasing/decreasing load. The
best way to obtain a good overview of the deformationsis to animate the deformed shape.
Sinceit isimpractical to incorporate the animated picturein thisguide, adetailed description
follows on how to obtain and play back the animation frames. Only 3 out of a sequence of 25
frames are shown in thisguide.

Before you collect the animation frames, click on the DEF & ORIG button so that the
deformed and original shapes of the model are shown simultaneously.
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Figure 8-17 Resulting Post File of the Container

MAIN
RESULTS

NEXT INC
DEF & ORIG
MORE
animate INCREMENTS
25
10

(Number of frames to save)
(Increment step size)

The program responds by scanning the results file and extracting the appropriate data.
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When replaying the sequence of animation files, you may have to scale the deformed and
original modelsto fit in the graphics area. Use the FILL button located in the static menu to
scale the models while still having the last increment of the animation sequence displayed.
Use the following button sequence to play the animation sequence.

MAIN
FILL
RESULTS
MORE
ANIMATION

FILL
PLAY
SHOW MODEL

The following two figures capture 3 of the 25 animation frames.

MAIN
RESULTS
SKIP TO INC
80
SKIP TO INC
160
SKIP TO INC
240

Figure 8-18 and Figure 8-19 show you that the bottom ridge first un-rolls and is followed

by a snap-through of the arch. Ultimately, the shape of the bottom of the can will become
spherical asis shown in Figure 8-20.
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Figure 8-18 Original and Deformed Model at Increment 80

The user can use the BEAM CONTOURS or BEAM VALUES plot option to display elemental
quantities. Alternatively, a path plot where the position of the nodesis plotted on the x-axis
and the equivalent plastic strain is plotted on the y-axis, can be created. The nodes are
logically connected though the connectivity of the elements. The plot shown in Figure 8-21
displays the equivalent plastic strain for increment 240 of this analysis.

Use the following button sequence on page 8-41 to plot the total equivalent plastic strain.
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Figure 8-19 Original and Deformed Model at Increment 160
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Figure 8-20 Original and Deformed Model at Increment 240
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MAIN
PLOT
draw NODES (on)
REGENERATE
RETURN
RESULTS
PATH PLOT
NODE PATH
(select nodes from lower |eft to upper right,
approximately each 10th node will do)
END LIST (#)
VARIABLES
ADD CURVE
Arc Length
Total Equivalent Plastic Strain Layer 3
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Figure 8-21 Path Plot of Equivalent Plastic Strain
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It is possible to monitor these diagrams and obtain an overview of the location and degree
of plastic strain as afunction of the loading.

Finally, adiagram is given that indicates how the bottom collapses as afunction of thetotal
load that was (adaptively) put onto the structure. The total load is represented by the
reaction force in x-direction of node 18 which is at the end of the line segment. The
displacements of the bottom are represented by the axial displacements of node 1 whichis
at radius 0.0.

The user can use the following button sequence to generate thisfigure:

MAIN
RESULTS
HISTORY PLOT
SHOW MODEL
SET NODES
18 (upper right)
1 (lower left)
END LIST (#)
COLLECT DATA
0 1000 1
NODES/VARIABLES
ADD 2-NODE CRV
1
Di spl acenent x
18
DOMN
Di st Load 1
FIT
RETURN
SHOW IDS
10
YMAX
5000. 0
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Figure 8-22 Axial Displacement of Bottom versus Applied Pressure Diagram

Conclusion

The loading path versus displacement has been successfully traced for the snap-through
analysis of the bottom of an aluminum container.
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Procedure File

| Version : Mentat 3.3

*alias action

*exec_p gen_i nage. proc

*action | figure 8.0 - dunmy

*action | figure 8.1 - dunmy

*action | figure 8.2 - dunmy
|

*action figure 8.3 - dumy
|@Op()

| step 1

}

|

@ush( nmeshgen)

@ush(curve_type)
*set_curve_type arc_craa
@op(1)

*add_curves

00O

2. 345

0 22

2.026 1 0

0. 063

129 265

2.01.2 0

0.125

296 334

2.3 1.127 0

0.18

90 162

*fill _view
@ush( pl ot _screen)
*set _point_|abels on
*regenerate

*action | figure 8.4
@op(1)
@ush(curve_type)
*set _curve_type arc_tra
@op(1)

*add_curves
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3

0. 05

50
*action | figure 8.5
I

| step 2

I

@ush(curve_type)
*set _curve_type line
@op(1)
*add_curves

11 14

4 9

8 17
*add_points

3.0 1.307 O
*fill _view
*add_curves

12 18
# | End of List
*action | figure 8.6

I
I
I
I
I
@ush(pl ot _screen)
*set _point_|abels off
*set _curve_l abel s on
*regenerate

@op(1)

@ush(convert)

*set _convert _divisions
81

*convert_curves

19

# | End of List

*set _convert _divisions
6 1

*convert _curves
4 2

step 3

generate el ements based on the geonetric entities
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# | End of List
*set _convert divisions
4 1
*convert _curves
6 3
# | End of List
*set _convert divisions

31

*convert _curves
758

# | End of List
@op(1)

*action | figure 8.7
@ush(sweep)

*sweep_nhodes

al | _existing

@op(1)
@ush(change_cl ass)

*set _change_cl ass |ine3
*change_el enent s

all _existing

@op(1)

@ush(attach)
*attach _nodes_curve

1

54 55 56 57 58 59 60 61
# | End of List
*zoom box
*zoom box( 1, 0.236961, 0. 286260, 0. 328798, 0. 430025)
*attach _nodes_curve
*attach_nodes_curve

5

92 91 90
# | End of List
*fill _view
*zoom box
*zoom box(1, 0.133787, 0. 161578, 0. 225624, 0. 344784)
*action | figure 8.8
*attach_nodes_curve

2

70 71 72 73 74 75
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# | End of List

*action | figure 8.9

*fill _view

*zoom box

*zoom box(1, 0.226757, 0. 006361, 0. 382086, 0. 199746)
*attach_nodes_curve

3
82 83 84 85

# | End of List
4

81 80 79 78 77 76
# | End of List

*fill _view

@op(1)

|@>0|0( 1)

| step 5

|

@ush( pl ot _screen)
*set _curve_ | abels off
*set _curves off
*set _points off
*regenerate

@op(1)

@ush(appl y)

@ush(appl y_nechani cal )
*apply_type fixed_di spl acenent
@et ($user subf v, FORCDT)
@opup(fixed disp_pm
*apply_dof y
*appl y_dof z
@opdown(fixed_di sp_pm
*add_appl y_points
*add_appl y_nodes

1
# | End of List
*fill _view
*action | figure 8.10
*new_apply
*apply_type fixed_di spl acenent
@et ($user subf v, FORCDT)
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@opup(fixed disp_pm
*apply_dof x
*appl y_dof z
@opdown(fixed _di sp_pm
*add_appl y_nodes

18
# | End of List
*action | figure 8.11
@ush(tabl e)
*set _table_type
@opup(tabl e_type_pn)
@ist(table_type_list,0)
tinme
@opdown(tabl e_type_pm
*set _table xnin
0
*set _tabl e_xmax
1
*set_table_ymn
0
*set _tabl e_ymax
500
*t abl e_nane
| oadi ng
*t abl e_add
00
1 500
*set _tabl e_xnane
tinme
*set _tabl e_ynane
pressure
*action | figure 8.12
*Fill _view
@op(1)
*new_apply
*apply_type edge_l oad
@et ($user subfv, FORCEM
@opup(appl y_edge_| oad_popnenu)
*apply_table p0
@et ($dof , p0)
@opup(appl y_sel ect _t abl e_poprenu)
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@ist(select table list,0)
| oadi ng
@opdown( appl y_sel ect _t abl e_popnenu)
@opdown( appl y_edge_| oad_popnenu)
*add_appl y_edges
all _existing
*action | figure 8.13
@op(1)
@op(1)
@ush(meshgen)
@ush(check_el enents)
*flip_elenents
90
88
89
66
67
64
65
63
62
# | End of List
72
73
70
71
69
68
# | End of List
*fill _view
*action | figure 8.14 - dummy
*action | figure 8.15
@op(1)
I@JOlO( 1)
| step 8
I
| material properties
I
@ush( mat _pr ops)
*materi al _type mechani cal :isotropic
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@opup(mat _i sotropi c)
*mat eri al _val ue isotropic: youngs_nodul us
11le6

*materi al _val ue i sotropic: poissons_ratio
.3
@opdown( mat _i sotropi c)
@ush(tabl e)

*new_t abl e

*set _table_type
@opup(tabl e_type_pn)
@ist(table_type list,0)
plastic_strain
@opdown(tabl e_type_pm
*set _table_xnin

0

*set _tabl e_xmax

0.5

*set_table_ymn

0

*set _tabl e_ymax

100000

*tabl e_nane

wor khar d

*set tabl e xnane

| og_strain

*set _tabl e_ynane
true_stress

*t abl e_add

0 42000

1.748e-3 44577
3.494e-3 45157

6. 766e-2 63665

9. 531e-2 70950

. 1570 81315

. 2070 88560

. 2623 95216

*action | figure 8.16
*show_nodel

@op(1)

*materi al _type mechanical ;i sotropic
@opup(mat _i sotropic)
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*material _type plasticity
@opup(iso_plastic_popnenu)

*material _value plasticity:yield stress
1

*material _table plasticity:yield stressO
@et ($dof , pl asticity:yield_stress0)
@opup(material _sel ect _tabl e_popnenu)
@ist(select table list,0)

wor khar d
@opdown(mat eri al _sel ect _tabl e_popnenu)
@opdown(i so_pl asti c_popnenu)
@opdown( mat _i sot r opi c)
*add_material el enents

al | _existing

|@>0|0( 1)

| step 9

|

| specify the thickness of the shell elenments
|

@ush(geom props)
@ush(geonetry_nech_axi sym
*geonetry_type nmech_axi sym shel
@opup(geom nmech_axi _shell _pn)
*geonetry_val ue thick

0. 0250

@opdown(geom nmech_axi _shel | _pm
*add_geonetry_el enents

all _existing

@op(1)

I@op( 1)

| step 10

I

@ush(| oadcase)

@ush( | case_nechani cal )

*| opadcase_type static

@opup(l case_static)
@opup(sel ect _| oads_poprenu)
@ist(lcase_apply_list,0)
@opdown(sel ect _| oads_popnenu)

Mentat User’'s Guide 8-51



w 8 Container Procedure File

@opup(mech_sol uti on_control)

*| oadcase_opti on nonpos: on
@opdown(mech_sol uti on_control)
@opup(mech_conver gence_popmrenu)

*| oadcase_option converge:force_only
*| oadcase_option converge:residuals
*| oadcase_val ue force

0. 05

@opdown( mech_conver gence_popmrenu)
*| oadcase_option stepping:arclength
*| oadcase_option stepping:arclength
@opup(arcl engt h_popmnenu)

*| oadcase_val ue nmaxi nc

600

*| oadcase_val ue initfraction
0.05

*| oadcase_val ue maxmul tiplier
1

@opdown( ar cl engt h_popmnenu)
@opdown(l case_static)

@op(1)

I@>0|0( 1)

| step 11

I

| define a nechanical analysis and subnit the job
I

@ush(j obs)

@ush(el emrent _types)

@opup(el type_axi sym pm

*el ement _type 89

@opdown(el type_axi sym pm

all _existing

@op(1)

*j ob_cl ass mechani cal

@opup(j ob_mechani cal)
@ist(job_remlcase_list,0)
@ist(job_add | case |ist,0)
*add_j ob_| oadcases | casel
@opup(j ob_an_opts_mech_popnenu)
*job_option plasticity:s_strn_rr
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*job_option plasticity:l_strn_m_add
*j ob_option follow on

@opdown(j ob_an_opts_nech_popnenu)
@ist(job_add I case_|ist,0)
@ist(job_remlcase_|ist,0)
@opup(tensor_scal ar _popmenu)

@i st(post_tensor listl,0)
@ist(post_var listl,0)
*add_post_var von_m ses

*add_post _var tepl _strain

*post _var_outer | ayers tepl _strain
*post _var_outer | ayers von_ni ses
@opdown(t ensor _scal ar _popnenu)
@ist(job_add_Icase_list,0)
@ist(job_remlcase_list,0)
@opup(j ob_param nech_popnenu)

*j ob_param | ayers

5

@opdown(j ob_param nech_poprenu)
@ist(job_remlcase_list,0)
@opdown(j ob_nechani cal)

@ush(fil e_screen)

@et ($file_browser_I| abel, SAVE AS FI LE)
@et ($fil e_browser _conmand, *save_as_nodel )
@opup(save_fil e_browser_popnenu)
@ist(save_file_browser_filelist,0)
@ist(save file_browser _dirlist,0)
*save_as_nodel c¢08. nud yes
@opdown(save _fil e _browser_ popnenu)
@op(1)

*update_j ob

@opup(j ob_run_popmenu)

*submit_job 1

*moni tor _j ob

@opdown(j ob_run_popmnenu)

@op()

@ush(results)

*post _open_defaul t
@ush(pl ot _screen)

*set _nodes off

*regenerate
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*action | figure 8.17

|

| animation sequence

I

@op(1)

@ush(resul ts2)

*post _ani mate_increnents
40

@op(1)

*set _def ormed both

*post _next
@ush(resul ts2)

*post _ani mate_i ncrenment s

40

10

*fill _view
@ush(ani mati on_screen)
*fill _view

*ani mati on_pl ay

*fill _view

*ani mati on_pl ay
*show_nodel

@op(1)

@op(1)

*post _skip_to

80
*action | figure 8.18
*post _skip_to

160
*action | figure 8.19
*post _skip_to

240
*action | figure 8.20
@ush(pl ot _screen)
*set _nodes on
*regenerate

@op(1)
@ush(post _pat hpl ot)
*set pat hpl ot _path

1

18
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# | End of List
@ush( pat hpl ot _vars)
@ist(path_var _|ist,0)
*pat hpl ot _add
Arc Length
Total Equivalent Plastic Strain Layer 3
*pathplot _fit
*action | figure 8.21
@op(1)
*show_nodel
@op(1)
@ush(post _hi story_pl ot)
*set _hi story_nodes

18 1
# | End of List
*hi story_col | ect
0 1000 1
@ush(hi story_nodes_vars)
@i st (hist_node_list,0)
@ist(hist_var_list,0)
*hi story_add
1
Di spl acenent x
Di st Load 1
*history_fit
@op(1)
*set _history_ increnment _id
10
*action | figure 8.22

Mentat User’'s Guide 8-55



w 8 Container Procedure File

8-56 Mentat User’'s Guide



oofe

Manhole

Chapter Overview

This chapter demonstrates the analysis of aregion where one cylinder penetrates another
cylinder of alarger radius and where the structure isloaded by an internal pressure. The
radius thickness ratio of the structure warrants the use of shell theory instead of afull
three-dimensional analysis using hexahedral elements.

The objective of this chapter is to highlight the following three Mentat capabilities.
m  Generation of acylinder-cylinder intersection.
m  Application of face loads.

m  Display of resultsin acontour plot.
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Background Information

Description

In this session you analyze a cylindrical pressure vessel penetrated by an off-centered
manhole. The diameter of the vessel is 168 inches and the plate thickness is 0.54 inches.
The manhole has a diameter of 48 inches and a plate thickness of 1.0 inches. The
dimensions of the structure are shown in Figure 9-1.

MANHOLE

Thickness = 1.0 inches

Radius = 24.0 inches

45 inches off center

Internal pressure = 100 psi \

VESSEL

Length = 116 inches

Radius = 84.0 inches

|
|
Thickness = 0.54 inches ‘
|

Figure 9-1  Vessel Dimensions
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The manhole is positioned 45 inches from the center line as indicated by Figure 9-2.

45 Inches

S

Manhole

Figure 9-2  Side View of Vessel
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Idealization

Only a portion of the vessel needs to be modeled due to symmetry and to the way arched
structures respond to localized loads. The thickness/radius ratio is small enough that it
allows you to use the shell approximation instead of afull three-dimensional analysis. As
the focus of this analysisis on the response in the vicinity of the penetration, the mesh can
be limited to the portion of the structure shown in Figure 9-3.

It can be theoretically proven that for a material with a Poisson’s ratio of 0.3, when

measured at a distan@e5./rt  removed from the edge, the influence of the penetrati
reduced to 4% of the value at the edge. Hesehe radius antthe thickness. For this
particular case, the decay distance is 16.84 inches.

Therefore, the boundary conditions can be applied at the shell edge without affecting
stresses at the vessel-manhole intersection. Due to symmetry it is sufficient to analyze
the vessel section shown in Figure 9-3.
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Figure 9-3  Section to be Analyzed
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Requirements for a Successful Analysis

The anaysisis considered successful if thelocalized stresses are known at the intersection
of the two cylinders. The decay distance of 16.84 inchesis assumed to be valid and
therefore, the stresses at the edge of the analyzed structure should be less than 4% of the
peak value.

Full Disclosure

m  AnalysisType
Linear static.

m Element Type
MARC element type 75, four-noded shell element.

m  Material Properties
Stedl
Young's Modulus = 30e6 ps
Poisson’s Ratio = 0.3
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Background Information

Overview of Steps

Step 1
Step 2
Step 3

Step 4

Step 5
Step 6
Step 7
Step 8
Step 9

Step 10
Step 11
Step 12
Step 13
Step 14
Step 15

Create two cylindrical surfaces: one for the vessel and one for the manhole.
Convert the surface of the vessel into afinite element mesh.

Removethe elementsin the vicinity of the manhole, creating aholein the surface
of the vessdl.

Attach the nodes of the circumference of the hole to the intersection of the vessel
and the manhol e surfaces.

Redistribute the nodes on the perimeter of the hole.

Add line elements to the circumference of the circular hole.
Drag the line into shell elements thus creating the manhole.
Attach the rim of the manhole to aflat surface.

Subdivide the top row of elements of the manhole to improve the element aspect
ratio of these elements.

Sweep the entire mesh to remove duplicate nodes.
Apply boundary conditions.

Apply material properties.

Apply geometrical properties.

Submit the analysis.

Postprocessing: contour the equivalent von Mises stress on the structure.
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Detailed Session Description

Asmentioned in earlier sample sessions, thefirst step isto establish a coordinate system. It
seems natural to orient the z-axis of the global coordinate system in the direction of the
axial axis of the vessel.

Step 1

Choose an origin that liesin the plane of the end cap of the vessel. Thisway the x- y axes
of the global coordinate system span a plane that coincides with the plane of the end cap.
See page 9-4 on Idealization which mentions the need to model only a quarter section in
circumferential direction. It isin this quarter section of the hull of the vessel that the
manhol e is model ed.

Make use of the ruled surface to create the quarter section of the vessel. The two curves
necessary for ruled surfaces are arcs of equal radius extending 90 degrees at a z-coordinate
of 0 and 116 respectively. Click on the following button sequence to use the Center/Radius/
begin Angle/end Angle arc type (CRAA) and to enter the data for the two curves.

MAIN
MESH GENERATION

CURVE TYPE
CENTER/RADIUS/ANGLE/ANGLE
RETURN

crvs ADD
0O 0 O (Center point)
84 (Radius)
0 (Beginning angle)
90 (Ending angle)
0 0 116 (Center point)
84 (Radius)
0 (Beginning angle)
90 (Ending angle)

PLOT
label CURVES (on)
RETURN

FILL
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To makethetwo arcsvisible you need to deviate from the default viewpoint of 00 1. There
are two ways to do this: you can change the view (and the viewpoint) by clicking the

appropriate view number on the view menu, or you can rotate the picture by an increment
of 45 degrees about the y-axis.

Use the latter method and set the rotate increment in the VIEW menu using the following
button sequence:

MAIN
VIEW
VIEW SETTINGS
model increments ROTATE
45
RETURN

rotate Y+ (in the static menu next to ROTATE+)
FILL

Now that both curves can be distinguished, add the surface by first specifying the surface
type:

MAIN
MESH GENERATION
SURFACE TYPE
RULED
RETURN
srfs ADD
1

(Pick first curve)
2

(Pick second curve)

To pick the two previously defined curves, use the <ML > with the <t> in the vicinity of
the curve. The program displaysthe surface. Similar to the button sequence outlined above,
set the surface type to CYLINDER to add the surface of the manhole. The surface of the

manhole is only used here to determine the intersecting curve; it is not used as a primitive
entity to be converted to elements.
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MAIN
MESH GENERATION
SURFACE TYPE

CYLINDER
RETURN

srfs ADD
45 40 58 (1st point on the axis of the cylinder)
45 120 58 (2nd point on the axis of the cylinder)
24 24 (Radii at 1st and 2nd point)

The basic geometry of the model is now complete. Rotate the picture about the y-axis over
-45 degrees. Switch off the drawing of points and display four views of the model. Fill the
graphic areafor all views after activating them.

MAIN
rotate Y- (in the static menu next to ROTATE -)
PLOT
draw POINTS (off)
RETURN
VIEW
SHOW ALL VIEWS
ACTIVATE ALL
FILL

Step 2

Usethe CONVERT processor to convert the surface of the vessdl to finite elements. Click
on the following button sequence to create a mesh of 20x20 elements on the quarter
cylinder surface.

MAIN
MESH GENERATION
CONVERT

DIVISIONS
20 20

SURFACES TO ELEMENTS
1 (Pick the ruled surface)
END LIST (#)
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Detailed Session Description

| smwnn cenous
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Figure 9-4  Four Views of Completed Model Geometry

To get a better overview of the model, change the view option to 2 and deactivate the face
identification option to unclutter the picture. Display curves and surfaces using a high
accuracy. Figure 9-5 illustrates where the manhole cylinder penetrates the surface of the

vessal.

PLOT
draw element FACES
MORE
DIVISIONS
HIGH
REGENERATE
VIEW
show 2
RETURN

(off)

(Below SHOW ALL VIEWS)
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Figure 9-5 Elements Generated on Vessel Surface

Step 3

Remove agroup of 6x6 elementsfrom the vessel surface that occupy the hole caused by the
penetrating manhole. Next, all unused nodes must be removed.

MAIN
MESH GENERATION
elems REM
(Box pick the elements)
END LIST (#)
SWEEP
remove unused NODES
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UL EH EERERETHIN [ T
HOOES  ALD | BEM | FOT |
eenil| S| B EI - = L TR e B L3 =
P A | | o |
anvs o | e | eor |
SIS ADD | MEM | EOT | 5B
SOUDS AL | BEM
BEPAVEEH HOEE | BEPWEEH POInd
HLEER CLARE | Ol il
AN TP ARC_CRSA
SURFACE TVPE | CVLRDER
WOUD TARE | BLOEE 1
CONDERNTE TYSTTIE F |
ST | BECTAMGULAR | GEin | -
CLLAN b5 CLLAN GIO L]
ATTACH e L
CHAHGE CIASS ~| CHECK |
CEHVERT 7| e
LRHT | mrensECr
WITVE | L
BEHIRIETR BEN VE
JIHITS '| ymEn
SR TenEm
SVRRIETHY
S| e | e ] =+
— |
BETIRH Uy oo | s o | reL nemtvew | Tee | e | TEe | W | W | e | mooe (@ | e
JumE| rues | mor ) ees | Cove e | e | rEIIIHI'Em mp | EFHED

Figure 9-6  Vessel with Elements Removed

Step 4

The surface of the vessel now has a square hole. The nodes on the perimeter of the square
hole must now be attached to the intersection of the vessel and manhole surfaceswhichis
done using the following button sequence:

MAIN
MESH GENERATION
ATTACH
attach nodes INTERSECT

2 (Pick the manhole surface)

1 (Pick the vessel surface)
(Box pick the nodes on the perimeter of the hole)

END LIST (#)
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Relax the nodes while keeping the outline of the mesh fixed, using the button sequence
given below. The resulting mesh is shown in Figure 9-7.

MAIN
MESH GENERATION
RELAX
NODES
all: EXIST.
BELSH ST S S S S S S S S SR e m
L] ek R s B i T e k]
HIEF AT
ToneE | SEN ENNIINEL NiEl RER LN NEE [REL AR i i)
ML —— 1T LR DR IR R B R SRR S EE i
1G4 FRAC E ot T T T i e R
OO BESET | i l'} IR as T (U A
Lt
4 e '_ - .I-_‘.‘I'-I...a.q-—-l-i-
AR = ._.- 3.4 =g
| [ i *®
a b =g e
| &
1 At et
--—|—|—|-l :1-| LR
1
|
o T 1=t
+ l ..|._'_".\, iA1=+
X A
e * LR TR ]
B A
' S— -|-....._|_:"'I_' 1 I-.Tl PRI R Y
- 1---1--1-.1._ } alligil .i--} LS ER et o
e ] T — ....+.I.+ FURIR 0 1. Y
e A e iR Bt i ] f
R R S L s A St e it et e L
L -
L s s - . T T IO T -
| mELEca 1 SN ISR N SN ELE NN IRIF RN AR IR A Y
METLHH e 00 [ S8 [onaw [FLL [REsTveM | T [T [T | M6 [MEe [N [2oou [ [umen
UILE | HLUEE | Ll \“lﬁ'l'".'-‘?ﬂ". ||“ ||"" |||" |'?‘ HF- | HE I:'.ﬂ'l

Figure 9-7  Peripheral Nodes Attached to Cylinder

Step 5

Figure 9-7 clearly indicates that the mesh pattern around the hole is not optimal. The
primary cause of thisisthe irregular node distribution around the hole. In order to
redistribute the nodes, you must STRETCH the nodesin groups so that the nodes are evenly
distributed as indicated in Figure 9-8.
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Figure 9-8  Evenly Distributed Nodes
The following button sequence is used to stretch the nodes:
MAIN
MESH GENERATION
STRETCH
NODES
226 (Pick the first node of the stretch node path)
161 (Pick the last node of the stretch node path)
END LIST (#)

Repeat this operation for the other nodes on the perimeter of the hole asindicated in
Figure 9-8.

It isobviousfrom the picture, the stretch operation no longer preservesthe requirement that
the perimeter of the hole is on the intersection of the two main surfaces.
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To re-attach the nodes, use a directed attach method which will guarantee that the nodes
will be moved to theintersection along aspecified direction. Thefollowing button sequence
demonstrates the steps required to apply the directed attach method.

MAIN
MESH GENERATION
ATTACH
DIRECTED
DIRECTION
-1 0 1
attach nodes INTERSECT
2
1
247 268 289 288
END LIST (#)

(Pick the surface)
(Pick the surface)
(Pick the nodes)

Repeat this processfor al four sidesthat have been stretched using adifferent direction for
each side. The result of the first attach operation is shown in Figure 9-9.
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Figure 9-9  Using the Directed Attach Method to Re-Attach the Nodes

Asnoted before, it is sufficient to create only half of the model shown in Figure 9-10 due
to symmetry. The reason for generating the entire model isthat the nodes on the boundary
of amesh remain at their location during relax operation and only interior nodes are moved.
Had we generated only half the model, the nodes on the line of symmetry (inthe XY plane)

would have required a manual redistribution.

MAIN
MESH GENERATION
elems REM

END LIST (#)
SWEEP

remove unused NODES

(Box pick all elements below the symmetry line)
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Figure 9-10 Removing Unused Nodes

There are several waysto create the manhole. The user isto follow the same steps used for
the vessel. The cylindrical surface isfirst converted to el ements. The bottom edge of the
manhol e elementsisthen attached to the intersecting line of the vessel and manhol e surface.
Instead you will use a different approach that involves the use of line elements. The edge
of the existing holein the vessel is plated with line elements that serve as the generating
elementsin an expand operation. Use thefollowing button sequenceto create line elements
to the exposed side of the quadrilateral elements:

MAIN

MESH GENERATION

CONV

ERT

EDGES TO ELEMENTS
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Use the following button sequence to select and store the line elements generated by this
operation into a set name for later reference.

MAIN
MESH GENERATION
SELECT

select by: ELEM CLASS
LINE(2)
OK

elems STORE
sticks
all: SELECT.

CLEAR SELECT

The EXPAND processor drags line elements into shell elements and shell elementsinto
volume elements, effectively increasing the dimensionality of the element type by one. Use
the EXPAND operation to drag the line elements equidistantly over 10 inches for 3 layers.
The rim of the manhole created in this manner has the same shape as the intersection line
of the two cylinders.

Use the following button sequence to perform the expand operation.

MAIN
VIEW
SHOW ALL VIEWS
RETURN
MESH GENERATION
EXPAND
TRANSLATIONS
0O 10 O
REPETITIONS
3
ELEMENTS
sticks
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9-20

Use the SWEEP processor and click on NODES from the SWEEP panel to eliminate the
duplicate nodes created by the expand operation. Click on the all: EXIST. button of the static
menu to indicate that you want to rid the entire mesh of duplicate nodes. You can verify the

elimination of the nodes by only drawing the outline of the mesh.

MAIN
MESH GENERATION
SWEEP
sweep NODES
all: EXIST.
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Figure 9-11 Manhole with Nearly Correct Coordinates
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Step 8

Attach the doubly curved rim of the manhole to a patch. To create the patch, select QUAD
as the current surface type. Use the coordinates given below to add the patch in alocal
coordinate system. Create the local coordinate system by rotating 90 degrees about the
global x-axis and tranglating it 112 inches in the global y-direction.

MAIN
MESH GENERATION
SURFACE TYPE
QUAD
RETURN

coordinate system SET

U DOMAIN
-100 100
U SPACING
10
V DOMAIN
-100 100
V SPACING
10
grid ON
ROTATE
90 0 O
TRANSLATE
0 112 O
RETURN
PLOT
draw POINTS
RETURN
pts ADD
-10 O
100 O
100 1
-10 1
FILL
srfs ADD
29 30 31 32
GRID
FILL

00 O

(on)

(on)

(pick the four points generated above)
(off)
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Figure 9-12 Creating the Patch

The nodes on the cut-off boundary of the manhole need to be attached to the intersection of
the two surfaces. Use the following button sequence to attach the nodes:

MAIN
MESH GENERATION
ATTACH
attach nodes INTERSECT
2 (Pick the cylinder)
3 (Pick the quad)

(Use the Polygon Pick Method to
pick the nodes fromview 1)

Figure 9-13 shows the results of the attach operation.
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Figure 9-13 Attached Nodes to Patch

Subdivide the top row of elements in the second direction of connectivity to improve the
aspect ratio. Once again, it ismost convenient to use the Polygon Pick Method to select the

elements.

MAIN
MESH GENERATION
SUBDIVIDE
DIVISIONS
1 2 1
ELEMENTS

END LIST (#)

(Pick the top row of elements)

Mentat User’'s Guide 9-23



w 9 Manhole Detailed Session Description

LT | £ =
AFEE i
e
—I !
mwsracams o T
TLIEERTS LIS I
ey
BT f
g
L S ——_. - ==
o S S T
i R R -
e 1 -t ow
- - - -8
bW o
- h o -
[ -
PR -
[ * L] i o
...........  bidee 8 bt E(
¥ ¥ ¥ - |
BELESA 1 ]
BETIRH Uy [woo | s peaww | rel nesTaes T | T | TEe | R | A | e oM (M |umn
JurmE'| euks | mor ) wew | Coveoumoe | | v | | B | BEC | RE o

Figure 9-14 Improved Aspect Ratio for Top Row Elements

Step 10
Sweep the mesh to eliminate duplicate nodes after each operation that generates elements.
MAIN
MESH GENERATION
SWEEP
NODES
all: EXIST.

You have now completed the topological part of the mesh.

For subsequent tasks, it is no longer required to use the geometric entities points, curves,
and surfaces and therefore, the plotting of these items will be switched off.
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PLOT
draw POINTS (off)
draw CURVES (off)
draw SURFACES (off)
REGENERATE
FILL

Step 11

There aretwo types of symmetry conditionsacrossthe edgethat cut the vessel and manhole
in half:

1. Zero displacement in z direction,
2. Zerolocal rotations aong the edge.

The first boundary condition (1) is expressed in global coordinates. To apply the second
boundary condition, it isnecessary to apply atransformation to the nodes of the vessel such
that the boundary conditions can be expressed as a function of the global d.o.f.’s. Use the
following button sequence to create the transformations.

MAIN
BOUNDARY CONDITIONS
MECHANICAL
VIEW
show 2
RETURN
TRANSFORMS
CYLINDRICAL
0 0 O
0 0 100 (center line)
(Pick the nodes along the curved
and straight edges of the vessel;

not those of the manhole)
END LIST (#)
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The boundary conditions (1) and (2) mentioned above are then applied through the following
button sequence:

MAIN
BOUNDARY CONDITIONS
MECHANICAL
FIXED DISPLACEMENT
ON z displace (on)
ON y rotation (on)
OK
nodes ADD
(Pick the nodes along the symmetry
plane of the vessel and manhol€)
END LIST (#)
VIEW
show 4
RETURN
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Figure 9-15 Boundary Conditions Applied
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The other curved edge of the vessel has an edge load applied in the direction of the center
line.

MAIN
BOUNDARY CONDITIONS
MECHANICAL
NEW
EDGE LOAD
PRESSURE
-4200
OK
edges ADD
(Pick the edges on the curved side
of the vessel)
END LIST (#)
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Figure 9-16 Edge Loads Applied in Direction of Center Line
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The vessel is under internal pressure which is applied through the following button

sequence:
MAIN
BOUNDARY CONDITIONS
MECHANICAL
NEW
FACE LOAD
PRESSURE
-100.0
OK
faces ADD
all: EXIST.
Note that the definition of a positive pressureis one that is directed towards the face of the
element.
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Figure 9-17 Internal Pressure Applied
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Figure 9-17 shows that the pressure on the manhole is applied as an external pressure. Two
methods can be used to correct the direction in which the load is applied: either the sign of
the applied pressure load for the manhole elementsis changed or the direction of the
connectivity of the elements of the manhole is changed. The latter method, used in the
container sample session described in Chapter 8, is also used in this session and invoked

with the following button sequence:

MAIN
MESH GENERATION
CHECK
VIEW
show 2
RETURN

FLIP ELEMENTS
(Use the Polygon Pick Method to select

the elements of the manhole)
END LIST (#)
VIEW
show 4
RETURN
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Figure 9-18 Corrected Load Direction

Thefollowing two types of symmetry conditionsexist a ong the straight edges of the vessel:
displacement in tangential direction is zero, rotation in axial direction is zero.

Due to the previously defined transformations, these boundary conditions can be applied
using the following button sequence:

MAIN
BOUNDARY CONDITIONS
MECHANICAL
NEW
FIXED DISPLACEMENT
ON y displace (on)
ON z rotation (on)
OK
nodes ADD
(Pick the nodes on the straight
edges of the vessel)
END LIST (#)
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Figure 9-19 Boundary Conditions Applied to Vessel Edges

Finally, an edge load is applied to the top perimeter of the manhole.
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MAIN
BOUNDARY CONDITIONS
MECHANICAL
NEW
VIEW
show 1
RETURN
EDGE LOAD
PRESSURE
-1200
OK
edges ADD
(Pick the edges at the top rim of the manhole)
END LIST (#)
VIEW
show 4
RETURN
—
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Figure 9-20 Edge Load Applied to Top Rim of Manhole
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Step 12

The material propertiesfor both the vessel and the manhole are specified on page 9-6. Use
the following button sequence to apply steel properties to the two structures.

MAIN
MATERIAL PROPERTIES
ISOTROPIC
YOUNG’'S MODULUS
30. Oeb
POISSON'’'S RATIO
0.3
OK
elements ADD
all: EXIST.

Step 13

The manhole is manufactured out of a steel plate with athickness of 1 inch. The thickness
of the vessel is 0.54 inches. Click on the GEOMETRIC PROPERTIES button of the main
menu and go to the "mechanical elements 3-D" submenu. Enter the SHELL pop-up menu,
click on the THICKNESS button and type in 0.54. To confirm the correctness, click on the
OK button. Assign the thickness to the elements of the vessel only. Repeat this processfor
the manhole using the following button sequence:

MAIN
GEOMETRIC PROPERTIES
mechanical elements 3-D
SHELL
THICKNESS
1.0
OK
VIEW
show 2
RETURN
elements ADD
(Pick the elements of the manhole)
END LIST (#)
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Confirm the correctness of the thickness application using the ID GEOMETRIES button. The
resulting figureis not shown here.

You have now completed the modeling process, Step 2 of the Analysis Cycle. Continue
with the preparatory steps for the finite element analysis.

Thisanaysisisalinear static in which case you do not need to create aloadcase. The
INITIAL LOADS option in the JOBS menu is used to specify the loading pattern.

Step 14

Use the following button sequence to define the MARC element type, to verify that the
appropriate initial loads have been activated, to specify the desired result variables, and to
submit the job.
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MAIN
JOBS
ELEMENT TYPES
3-D MEMBRANE/SHELL
75
OK
all: EXIST.
RETURN
MECHANICAL
JOB RESULTS
tensors
stress
ouT
scalars
von_mises
ouT
OK
INITIAL LOADS
OK
JOB PARAMETERS
#SHELL/BEAM LAYERS
3
OK
OK
CHECK
SAVE
RUN
SUBMIT 1
MONITOR

Step 15

The screen is updated periodically to report the progress of the job. If the job has been
successfully completed, the exit message on the panel will be 3004.

To display the results of the analysis for interpretation, use the following button sequence:
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MAIN

RESULTS
OPEN DEFAULT
NEXT INC
PLOT
draw NODES
RETURN
SCALAR

Equivalent von Mises Stress Layer 1

OK
CONTOUR BANDS
DEF & ORIG
FILL

(off)

Figure 9-21 shows the resulting model contoured with von Mises stresses.
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Figure 9-21 Model with von Mises Stress Contours
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Conclusion

Due to reproduction constraints, Figure 9-21 does not give you aclear representation of the
actual resulting stress distribution that appears in the graphics area on your screen. The
results indicate that, due to the penetration of the manhole into the vessel, the localized
stress concentrations occur near the intersection.
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Procedure File

| Version : Mentat 3.3
*alias action

*exec_p gen_i nage. proc
@op()

*action | imge 0 - dummy
*action | figure 9.1 - dunmy
*action | figure 9.2 - dunmy
*action | figure 9.3 - dunmy
@ush( meshgen)
@ush(curve_type)

*set _curve_type arc_craa
@op(1)

*add_curves

000

84

0

90

0 0 116

84

0

90

@ush(pl ot _screen)

*set curve_l|l abels on
*regenerate

*fill _view
@ush(vi ewi ng_screen)
@ush(vi ew_settings_screen)
*rot _nodel _i ncrenent

45

@op(1)

*rot _nodel _cspace_y_for

*fill _view

I

| create a ruled surface between curves
I

@op(1)

@op(1)

@ush(surface_type)

*set _surface_type rul ed
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@op(1)
*add_surfaces
1
2
I

| create cylindrical surface
I

@ush(surface_type)

*set _surface_type cylinder
@op(1)

*add_surfaces

45 40 58

45 120 58

24 24

*rot _nodel cspace_y rev
@ush(pl ot _screen)

*set _points off

@op(1)
@ush(vi ewi ng_screen)
*show_vi ew 4

*fill _view
*show al | _vi ews

*Fill _view

*action | figure 9.4

I@)op( 1)

| step 2

I

| convert surface 1 to a 20x20 mesh
I

@op(1)

@ush( nmeshgen)
@ush(convert)

*set _convert _divi sions

20 20

*convert surfaces
1

# | End of List
@op(1)

@ush(pl ot _screen)
*set faces off
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9-40

@ush(pl ot 1l screen)
@ush(di vi si ons_screen)
*set _pl ot _divisions_high
*regenerate
@ush(vi ewi ng_screen)
*show vi ew 2

@op(1)

*action | figure 9.5
@op(1)

@op(1)

I@JOIO( 1)

step 3

I
I
| renove elenents to create a hole
I
*renove_el enent s

151 152 153 154 155 171 172 173 174 175 191 192 193 194 195 211 212
213 214 215

231 232 233 234 235 251 252 253 254 255

150 170 190 210 230 250
# | End of List
*action | figure 9.6

I
| step 4
I
| remove unused nodes, left after deleting the elenments and attach
| nodes on the perineter of the hole to intersection of surface 2
and 1
I
@ush(sweep)
*renove_unused_nodes
@op(1)
@ush(attach)
*attach_nodes_i nt er sect
2
1
158 159 160 161 162 163 184 205 226 247 268 284 285 286 287 288 289
157 178 199 220 241 262 283
# | End of List

@op(1)
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@ush(rel ax)
*rel ax_nodes
al | _existing
*action | figure 9.7
I

| stretch the four diagonal sides of the hole
I

@op(1)
@ush(stretch)
*stretch_nodes

226

161
# | End of List

160

220
# | End of List
*stretch_nodes

220

286
# | End of List

287

226
# | End of List
*action | figure 9.8

@op(1)
I

| performa directed attach in each quadrant
I

@ush(attach)
*set _attach_direction
-1 01
*attach_nodes_i nt ersect
2

1

247 268 289 288
# | End of List
*action | figure 9.9
*set _attach_direction
101
*attach_nodes i ntersect
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N

285

284

283

262

241
# | End of List
*set _attach_direction
-10 -1
*attach_nodes_i nt er sect
2
1

205

184

163

162
# | End of List
*set _attach_direction
10-1
*attach_nodes_i ntersect
21

159

158

157

178

199
# | End of List
I@JOlO(l)

| cut away half of the nodel

*renove_el ement s

123456789 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25

26 27 28 29

30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51

52 53 54 55

56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77

78 79 80 81

82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100 101 102

103 104 105
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106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 121 122
123 124 125

126 127 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142
143 144 145

146 147 148 149 156 157 158 159 160 161 162 163 164 165 166 167 168
169 176 177
178 179 180 181 182 183 184 185 186 187 188 189 196 197 198 199 200

# | End of List

*action | figure 9.10

@ush(sweep)

*renove_unused_nodes

|@>0|0( 1)

| step 6

I

| generate line elements on the edges on the perineter of the hole
I

@ush(convert)

*edge_lines
216:
236:
256:
275:
274
273:
272:
271:
270:
249:
229:
209:

# | End of List

I@JOIO( 1)

| select the line elements and store them as set sticks
I

@ush(sel ect _screen)

@ush(sel ect _by_screen)

*sel ect _el ements_cl ass

@opup(sel _elemclass_pm
line2

PRPOOOOO0OO0OWWW

[EEN
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@opdown(sel el emclass_pm
@op(1)

*store_el ements

sticks

all _sel ected
*sel ect _cl ear
@ush(vi ewi ng_screen)
*show al | _vi ews

|@>0|0( 1)

| expand the line elements to formthe boot of the manhol e
|

@op(1)

@ush(nove)

@op(1)

@ush( expand)

*set _expand_transl ati ons
0 100

*set _expand_repetitions
3

*expand_el ement s

sticks

@op(1)

@ush(sweep)
*sweep_nodes

al | _existing

*action | figure 9.11
I@JOlO( 1)

| generate an additional surface at the future top |ocation
| of the manhol e

I

@ush(surface_type)

*set _surface_type quad
@op(1)

*set _grid on
@ush(coord_systen)
*grid_u_domain

-10 10

*grid_u_spacing

10
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*grid u_domain

-100 100
*grid_v_domain
-100

100
*grid_v_spacing
10

*systemrotate

90 0 O
*systemtransl ate
0 112 0

@ush(fil e_screen)
@op(1)

@ush( pl ot _screen)
*set _points on
@op(1)
@op(1)
*add_points
-10 0 0
100 0 O
100 100 O
-10 100 O
*Fill _view
*add_surfaces
29 30 31 32
*set _grid off
*fill _view
*action | figure 9.12
I
| attach the nodes at the top
@ush(attach)
*attach_nodes_i nt er sect
2
3
448 455 462 469 476 483 490 497 504 511 518 525 532
# | End of List
*action | figure 9.13

@op(1)

I
| step 9
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|

@ush(subdi vi de)

*sub_di vi si ons

121

*subdi vi de_el enent s

415 418 421 424 427 430 433 436 439 442 445 448
# | End of List

*action | figure 9.14

F@Op(l)

| sweep the nodes

@ush(sweep)
*sweep_nodes
al | _existing
@ush( pl ot _screen)
*set _points off
*set _curves off
*set _surfaces off
*regenerate
@ush(vi ewi ng_screen)
*show vi ew 2
*Fill _view
@op(1)
@op(1)
@op(1)
FDOD(l)
| step 11
I
@ush(apply)
@ush(appl y_mechani cal )
@ush(vi ewi ng_screen)
*show vi ew 2
@op(1)
@ush(transformations)
*transformcylindrical
000
0 0 100
252 273 294 315 336 357 378 399 420 441
227 228 229 230 231
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211 212 213 214 215 216 217 218 219
232 253 274 295 316 337 358 379 400 421
# | End of List
@op(1)
*apply_type fixed_displ acenent
et ($user subf v, FORCDT)
@opup(fixed disp_pm
*apply_dof z
*apply_dof ry
@opdown(fixed _di sp_pm
*add_appl y_nodes
211 212 213 214 215 216 217 218 219 220 226 227 228 229 230 231 444
446 448 451
453 455 534 543
# | End of List
@ush(vi ewi ng_screen)
*show_vi ew 4
@op(1)
*fill _view
*action | figure 9.15
*new_apply
*apply_type edge_| oad
@et ($user subf v, FORCEM
@opup(appl y_edge_| oad_popnenu)
*apply_value p
-4200
@opdown( appl y_edge_| oad_popnenu)
*add_appl y_edges
381:2 382:2 383:2 384:2 385:2 386:2 387:2 388:2 389:2 390:2 391:2
392:2 393:2
394:2 395:2 396:2 397:2 398:2 399:2 400: 2
# | End of List
*action | figure 9.16
*new_apply
*apply_type face_l oad
@et ($user subf v, FORCEM
@opup(appl y_face_l oad_popnenu)
*apply_val ue p
-100

@opdown( appl y_face_I| oad_popnenu)
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*add_appl y_faces

all _existing

*action | figure 9.17
@op(1)

@op(1)
@ush(meshgen)
@ush(vi ewi ng_screen)
*show vi ew 2

@op(1)
@ush(check_el enents)
*flip_elenents

413 414 416 417 419 420 422 423 425 426 428 429 431 432 434 435 437

438 440 441

443 444 446 447 449 450 451 452 453 454 455 456 457 458 459 460 461

462 463 464
465 466 467 468 469 470 471 472
# | End of List
@op(1)
@ush(vi ewi ng_screen)
*show_vi ew 4
*action | figure 9.18
@op(1)
@op(1)
@ush(appl y)
*new_apply
@ush(appl y_nechani cal )
*apply_type fixed_di spl acenent
@et ($user subf v, FORCDT)
@opup(fixed disp_pm
*apply_dof y
*apply_dof rz
@opdown(fixed_di sp_pm
*add_appl y_nodes
211 232 253 274 295 316 337 358 379 400 421
231 252 273 294 315 336 357 378 399 420 441
# | End of List
*action | figure 9.19
@op(1)
*new_apply
@ush(appl y_mechani cal)
*appl y_type edge_l oad

Mentat User’'s Guide



w 9 Manhole Procedure File

@et ($user subf v, FORCEM
@opup(appl y_edge_| oad_popnenu)
*apply_value p
-1200
@opdown( appl y_edge_| oad_popnenu)
@ush(vi ewi ng_screen)
*show view 1
@op(1)
*add_appl y_edges
450: 0 452: 0 454: 0 456: 0 458: 0 460: 0 462: 0 464: 0 466: 0 468:0 470: 0
472: 0
# | End of List
@ush(vi ewi ng_screen)
*show_vi ew 4
@op(1)
*action | figure 9.20
@op(1)
I@)OID( 1)
| step 12
I
@vush( mat _pr ops)
*materi al _type mechanical :isotropic
@opup(mat _i sotropic)
*mat eri al _val ue i sotropic: youngs_nodul us
30e6
.3
@opdown( mat _i sotropi c)
*add_material el enents
al | _existing
I@bop( 1)
| step 13
I
@ush(geom props)
*geonetry_nane
vessel
@ush(geonetry_nech_t hree)
*geonetry_type mech_t hree_shel

@opup(geom shel |l _pm
*geonetry_val ue thick
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0.54

@opdown(geom shel |l _pm

@ush(vi ewi ng_screen)
*show_view 1

@op(1)
*add_geonetry_el enents

201 202 203 204 205 206 207 208 209 216 217 218 219 220 221 222 223
224 225 226

227 228 229 236 237 238 239 240 241 242 243 244 245 246 247 248 249
256 257 258

259 260 261 262 263 264 265 266 267 268 269 270 271 272 273 274 275
276 277 278

279 280 281 282 283 284 285 286 287 288 289 290 291 292 293 294 295
296 297 298

299 300 301 302 303 304 305 306 307 308 309 310 311 312 313 314 315
316 317 318

319 320 321 322 323 324 325 326 327 328 329 330 331 332 333 334 335
336 337 338

339 340 341 342 343 344 345 346 347 348 349 350 351 352 353 354 355
356 357 358

359 360 361 362 363 364 365 366 367 368 369 370 371 372 373 374 375
376 377 378

379 380 381 382 383 384 385 386 387 388 389 390 391 392 393 394 395
396 397 398

399 400
# | End of List
*new _geonetry
*geonetry_nane

manhol e
*geonetry_type mech_t hree_shel

@opup(geom shel | _pm
*geonetry_val ue thick

1.

@opdown(geom shel |l _pm
*add_geonetry_el ements

@ush(vi ewi ng_screen)
*show vi ew 2

@op(1)
*add_geonetry_el enents

413 414 416 417 419 420 422 423 425 426 428 429 431 432 434 435 437
438 440 441
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443 444 446 447 449 450 451 452 453 454 455 456 457 458 459 460 461
462 463 464

465 466 467 468 469 470 471 472
# | End of List
@ush(vi ewi ng_screen)

*show vi ew 4

@op(1)

*identify _geonetries *regen
@ush(pl ot _screen)

*el ements_solid

*regenerate
*el enents_wireframe
*regenerate

@op(1)
*identify_none *regen

@op(1)

|@»op( 1)

| step 14

|

@ush(j obs)

@ush(el ement _types)

@opup(el type_nmenbrane_shel |l _pm
*el ement _type 75
@opdown( el type_nenbrane_shel | _pnm
al | _existing

@op(1)
*j ob_cl ass nechani cal

@opup(j ob_nechani cal)
@ist(job_remlcase_list,0)
@ist(job_add_Icase_list,0)
@opup(tensor_scal ar _popnenu)

@i st(post_tensor _listl,0)

@i st(post_var _listl,0)
*add_post _tensor stress
*post _tensor_outer_| ayers stress
*add_post _var von_m ses
*post _var_outer | ayers von_m ses
@opdown(tensor_scal ar _popnenu)
@ist(job_add | case |ist,0)
@ist(job_remlcase_list,0)
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@opup(j ob_param nech_popnenu)

*j ob_param | ayers

3

@opdown(j ob_param nech_popnrenu)
@ist(job_remlcase_|ist,0)
@opup(init_| oads_popmrmenu)
@ist(job_apply list,0)
@ist(job_icond_list,0)
@opdown(i nit_| oads_popnenu)
@ist(job_remlcase_|ist,0)
@opdown(j ob_mechani cal )

@ush(fil e_screen)

@et ($fil e_browser_| abel , SAVE AS FI LE)
@et ($fil e_browser _conmand, *save_as_nodel )
@opup(save_fil e _browser_popnenu)
@ist(save file_ browser filelist,0)
@ist(save file browser _dirlist,0)
*save_as_nodel ¢09.nmud yes
@opdown(save_fil e_browser_popnenu)
@op(1)

*updat e_j ob

@opup(j ob_run_popnenu)

*submit_job 1

*nmoni tor _job

@opdown(j ob_run_popnenu)

@op(1)

@ush(results)

*post _open_defaul t

*post _next

@ush( pl ot _screen)

*set nodes off

@op(1)

*post _val ue

Equi val ent Von M ses Stress Layer 1
*post _cont our _bands

*set deformed both

*action | figure 9.21

@op()
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Tire

Chapter Overview

This chapter describes the analysis of the cross section of an automobiletire. The model is
loaded by aninternal pressure and the contact between thetire and therimisto be analyzed.

The method used in this chapter to obtain a solution is typical for tackling an engineering
problem. This chapter demonstratesthat it isuseful to approach a problem by using simple
modelsfirst before going on to large complicated structures. This approach not only gives

you a better understanding of your problem, but it also enables you to better analyze the
results.
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Background Information

Description

10-2

An automobile tire is a complex composite structure, consisting of (nonlinear) materials,
that comes into contact with the road.

Figure 10-1 identifies the different materials and parts of an automobile tire by part name.

Sidewall

Steel belts

Figure 10-1 Cross-Section of Automobile Tire
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Idealization

The material properties of the tread, side wall, chafer, and apex are isotropic. The carcass
is characterized by an orthotropic material property. The steel belts and beads behave as
isotropic materials in the circumferential direction of thetire. In this analysis, both the
carcass on the steel belts and beads have been given the same properties as the rubber and
thus no special elements are required in modeling these parts. The tire comes into contact
at the chafer with the wheel rim. The wheel rim is modeled as an infinitely stiff body.

170 mm

300 mm

100 mm

210 mm

Figure 10-2 Overall Dimensions of the Tire
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Level of Analysis Detail

This section describes the different stages of idealization that are observed in thisanalysis.
Aswas noted in the chapter overview, the best approach for analyzing a complicated
structure isto start with smple models. This approach allows you to gain knowledge and
confidencein problem-solving asyou progress through the analysis process. This approach
also helps you to predict behaviors and to identify potential problems.

In this sample session, you will only analyze the inflation process using a crude and easy
to generate mesh. The analysis presents some of the main components of detailed analysis.
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Analysis

The purpose of thisinitial analysisis to describe the inflation process by means of an
idealization of the real structure.

Idealization

For purposes of thissimplified analysis, assume all materialsto be identical and ignore the
treadsin thetire. An axisymmetric model is used and because of symmetry, you only need
to analyze half of the cross-section.

Requirements for a Successful Analysis

The analysisis considered successful if the closing behavior at the rim/chafer interface of
this smplified model can be shown.

Full Disclosure

m  Typeof analysis
Contact

m  Materials
The rubber material for this structure is characterized by three Mooney constants for
which the following values are chosen:

Cy = 965kPa
C, = 193kPa
Cy = 193kPa

m Elements
MARC Element Type 82, four-noded axisymmetric Herrmann formulation.
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Analysis

Overview of Steps

10-6

Step 1
Step 2
Step 3
Step 4
Step 5
Step 6
Step 7

Create the boundary using Bezier curves.

Use automatic meshing (OVERLAY) to create a mesh.

Create the rim as arigid die and identify the contact bodies.

Add boundary conditions.
Apply internal pressure.
Submit the job.

Postprocess the results.
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Detailed Session Description

The description of the tire boundary geometry iswell suited for the use of Bezier curves.
The defining polygon of a Bezier curve can easily be changed which results in a smooth
changein the entire curve. To demonstrate the versatility of this curve type, we will
generate the boundary of the tire using Bezier curves exclusively.

Step 1

Before entering the Bezier curves, however, first establish an input grid using the following
button sequence.

MAIN
MESH GENERATION
SET

U DOMAIN
-17 0

U SPACING
1

V DOMAIN
0 17

V SPACING
1

grid ON (on)

FILL

Observe that the dimension of the grid size is specified in centimeters. The material

constants specified in |dealization on page 10-3 require a conversion from kPainto N/cm?,
in order to be consistent with the units used here. For agood resolution of the Bezier curve
drawing, set the plotting of curveswith high accuracy. Note that when drawing, the number
of subdivisionsis merely adrawing resolution. Theinformation on every point on the curve
Is preserved. Use the following button sequence to change the resolution and to set the
curvetypeto Bezier.
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MAIN
PLOT
MORE
DIVISIONS
HIGH
RETURN
RETURN
MESH GENERATION
CURVE TYPE
BEZIER

The curvesare added by clicking on the ADD button of the crvspanel and entering the points
for the defining polygon vertices of each curve. The beginning and end points of the Bezier
curve are determined by the first and last point specified. The tangent at either end is
defined by the neighboring points.

MAIN
MESH GENERATION
crvs ADD (Pick the appropriate grid points)
poi nt (0, 14, 0)
poi nt (-11,13,0)
poi nt (-11, 6, 0)
poi nt (-5, 4, 0)
poi nt (-5, 0, 0)
END LIST (#)
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L H CEREREION R . . e . . w

&
m-:l éﬁ- [
L e | oo |
TNVE  ADD | REM | EOT |
SIS ADD | MEM | TOT | @ : ’ C—
SOHIE AN | BER o
EPWEEH HOSE | BEPWEEN POl .
ELEENT CLATE | Gl i) d ral
CLFYE TSP ELFRN . .
SUATALF TVPE |-DI|.I|H'.'¢ ."
MU TAE | B {
T DEHNTT SYEITE
SiT Illl:rhl-m |'IH|

CLLA S CLL& G §

ATTACH ALTOHESS |

CHAHGE CIASE | CHICK

TOHWERT "| A

EEHT HILRELCT

Ty °| mELa

BEHIRIEER | BRI .

SIHHTE FHEICH . *,

A Feren M v

ENHRITTY : ' 0
........... e B l o
] ] 1

BELECH a ] = u a ! Al

BETURH bl oo | semw | oaw | rel | nemrans e | T | 1 | K9 | s | e | oo (M0 | s

JumE'| mmes | mor ) vew | Covaoumie | | v | | R | A RE N | quy | BEFERD

Figure 10-3 Interior Tire Wall

Increase the resolution of the grid to 0.5 units:

MAIN
MESH GENERATION
SET
U SPACING
0.5
V SPACING
0.5

Create the exterior side of the wall of the tire by adding the following curve, the result of
which is shown in Figure 10-4.
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MAIN
MESH GENERATION
crvs ADD (Pick the appropriate grid points)
poi nt (-9, 16, 0)
poi nt (-9, 14, 0)
poi nt (-10.5, 13, 0)
poi nt (-10.5, 8.5,0)
END LIST (#)

UEEH ERERANON | SCHofcoDDED oS- Eos-cocteoboaEena w

AL

ELELE gﬁ- | . [
" e | o | : |
e L :
SWS  ADD | MW | O | @ T : et
SOUNES AL | BRI . . =

ETWEEH HOBE | REPWEEH PoRaT | :

ELEENT CLATE | G e d | el

AN THPE BEIEN ’ | ’
SURFACE TVPE | Dy
FOH TYRE || mRE
DO DEHATE SYSTEM ' | {
ST | BECTANGLRAR | *GRID | . ] |

CLLAN IS CLLAN GEO . b

ATTHCH ALTOESS |

CHANGE Ciasa ©| CHELH

TOHWERT "|

EEHT HILRELCT

nirsg A

SEHIBIEER | BT ) ) )

AU | FmETH X :

LTS | Femr A

NI THY | . | [ 0
........... A B o
] ] ] 1 .

MRl 0 + v s a4 8 & @ a4 & & 4 B N & 4 N & 4 kOB & K OB @ |l gogocooaoao Al

BETURH bl oo | mew | omaw | rl nemmwany | | T | 1 | R | Fes | Res | oo (M n

Jus" | rmes [ ror | wew "o | T | v | e | mse | A | he N | oy | ETERD

Figure 10-4 Part of Exterior Tire Wall Added

Switch on the labeling of pointsin order to facilitate creating the curves as specified in the
button sequences below.

MAIN
PLOT
label POINTS (on)
REGENERATE
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Addthefollowing curveto create the lower part of the exterior wall of thetire. Even though
severe changesin curvature occur in this part, the overall curve remains smooth. Theresults
are shown in Figure 10-5.

MAIN
MESH GENERATION
crvs ADD
9 (Pick paint)
poi nt (-10.5, 4, 0) (Pick grid point)
point(-9.5.3.5,0) (Pick grid point)
point(-8.5,1.5,0) (Pick grid point)
poi nt (-8, 0, 0) (Pick grid point)
point(-7.5,0.5,0) (Pick grid point)
5 (Pick paint)
END LIST (#)
|l.lln1|:lrlu|.l.rruu .................................
EOOES  ADD | RER EI A %
B Al | RN | O | I
P NS (08 | | f
) S| ) S ; )
— EIEIEDE . / o
soes o s | s5/
WETAE EH HOEE | T P z ¥ -
HLEER CLARE | Ol il g Iy -~
CANTE THPE N ' i ’
SURFACE TYPE | o !
IOUDTE | Bk I'
| coonomwr sveTou . | |
SET II.IETHEI.IJI. |-nu- = M |
CLLAR SN CLEAN GEOaE ;
AITACH ALTEESS
IMEI-I.'H 7| CHELE 3 II
EHWERT B T |
EEHD | mEnEmCr !
[ | mELax §
BEHIBIEER BEW VE ) i e
BT FHLEICH 5
SLEDICEIE TR . i3 ll'
SYHMETAY .-,m ’ .
1 ] _:,.
i o BT " :
N TclEEEme el 0 - 0 s 4 v s s a4 s s o4 ok s os o4 o oa - - di=l
EETLIHH L Il.l'l:'l:l T AN FEL MESET V9w Te | T | Tfa | Fese | WF= | AEs | SO0 | 1=
Juns mes T ror | wew | Cov o | [T |12 | me | A e BN [ | REFMED

Figure 10-5 Exterior Tire Wall Completed
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Figure 10-5 clearly indicates that the shape of the portion of the tire that comesinto contact
with the rim of the wheel isincorrect. This can be remedied by relocating some of the
support points of the Bezier curve.

Points 13, 10, and 11 are relocated using the pts EDIT button on the mesh generation panel,
the results of which are shown in Figure 10-6.

MAIN
MESH GENERATION
pts EDIT
13 (Pick point)
-9.5 -0.5 0 (Pick grid paint)
10 (Pick point)
-11.0 -0.5 O (Pick grid paint)
11 (Pick point)
-7 5 0 (Pick grid paint)
END LIST (#)
| @rmanny
wocs | s | o | ' P B
. El“_“lil : . :
P || | |
avs Ao | wew | vor | : .
S5 AID | BEM | DT | ) il et
SOULS ADe | B | v ' Ja ) !
AETWEEH HOBE | REDWEEH PO
HLERERT CLASE " | LR )
CUIRYE TPE [
SURFACE TVPE | Dy
FOUDTE | BLOEE
COONDATE SYSTIM ) |
SET Il.ll:rm = GEID = M
CLLAN WS | CLLAN GEOM
ANTA&CH I.'I.Il'l'.'dul-_
| EHANGE C1a53 | £HECK xl
CHWERT | A : ' I.
[ | mmenseCr . 1 L
LI s k
BEHBIEEH EE A
U SETCH .
SUTIWEH [T . ¥
SHRBETHY = :
1 £ K
| " :
T T o Ty i o - U T
BETUNH ] oo [ s (o [rol [nesevaew [ ne [ ra | | e e ne [mooe (s [umn
UTLE"| FLER | FLor | veew | T ove oo | T | 1ve | 1 | s | AR | Re jm an | EFRED

Figure 10-6 Correction of Tire Geometry
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To add the tread, use a Bezier curve made up of point 6 and three new points. The exact
location of these points are shown in Figure 10-7. The following button sequence specifies
where these points are located in the local u-v-w coordinate system. Refrain from entering
the points by typing in their coordinates; instead, always use the mouse to pick the points
asit isamuch easier method.

MAIN
MESH GENERATION
crvs ADD
6 (Pick point)
point(-7.5,16,0) (Pick grid point)
point(-1.5,17,0) (Pick grid point)
poi nt (0, 17, 0) (Pick grid point)
END LIST (#)

e . PR
mna Ao [ s | | .

P | | o
Vs ADD | REM | EDT ;
L] EIW{F{H : F - teienrtd
SOULS ADe | B | ' xa.t - !
REDWEEH HEEE | REPWEEH PO
BLERERT CLASE " | SR )
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Figure 10-7 Tire Tread
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10-14

Finally, to complete the boundary, add a straight line between points 1 and 17 which form
the symmetry boundary. A Bezier curve is used here simply to demonstrate how it
degenerates into a straight line when only two points are specified. The completed
boundary is shown in Figure 10-8.

MAIN

MESH GENERATION

crvs ADD
17

[N

END LIST (#)

ST |u|:r.um.|-.u. |'|H.E

CLLARN SN

| LA GEoas

ANTHCH
| EHANSE Ciasa

|.'l.||'l'.'-t
EHECE

LG

HILASECT

BFLA

RV

FHEICH

Ja

(Pick point)
(Pick point)

|

URDD | BT DAY FEL

UTLE | FLER | POl | aew

L=
EFmED

Figure 10-8 Completed Boundary
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Step 2

Use the automatic overlay meshing option to create the mesh. This automatic mesh
generator requires aclosed boundary. The only input needed from the user isthe number of

subdivisions in the x- and y-direction respectively, and the identification of the closed

boundary.

MAIN
MESH GENERATION
GRID
FILL
OVERLAY
DIVISIONS
20 20
CURVE MESH
all: EXIST.

| aurrcis 20 FLaaR

AUMLHILATEAL B WY FRNT)
TN T

CUADILATIRUALE ALY
e In
i FaC RS
0
DAY METHE

TARSEIES LA AT
THIRIETH

TARRIGLES PRI FRMT)
TIRILSHE

AT TV BT D T RRIT)
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DR S

T T
CHECE RS
CLEAR bESH
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(off)
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i
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ULE | HLER | POl

s

FEEET s Te= | T¥s | T | Bds | W¥F= | HEs w
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Figure 10-9 Mesh Generated by OVERLAY
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It should be clear from the visual inspection that the mesh israther coarse in the lower area
where the tire comes into contact with the wheel rim. A local refinement is necessary and
can be accomplished by using the SUBDIVIDE and REFINE processors.

MAIN
SUBDIVIDE
DIVISIONS
2 1 1
ELEMENTS
52 3 5 7 61 (Pick elements)
END LIST (#)
|um\-'nt B
e [ A gt T "_'__:_.; 4 :m
i T N W S, Ly, L A
| Sanenafdbas
mAs rncms o g | - i
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LTS CURT S | ;' T . ..'_,.-"
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f—# "':'fl
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[ -I- : l
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e
L - q:-:. LT
L
L S .
R * *
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v 5 ¥
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HETIRH e KOO | S | DAY | FL | MESTTVEW | THe | e | TR | Bde | W | REs | mooe [0 s
WILE | PLER | FLOT | WEw T oL | Te | 1v | e | R | A | REs | P [ | PEFRED

Figure 10-10 Step 1 of Mesh Refinement
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The REFINE option can be used to effectively create atransition between layers or rows of
elements. It requires two sets of information:

m  The node about which the refinement is made;
m  Theelementsthat will participate in the refinement.

Note that only those elements that have the refined node as part of the connectivity are
eigible.

MAIN
MESH GENERATION
SUBDIVIDE
REFINE
1 (Pick refine node)
1 (Pick element)
END LIST (#)

Complete this action by subdividing two more elements according to Figure 10-12.

MAIN
MESH GENERATION
SUBDIVIDE
48 47 (Pick elements)
END LIST (#)

Remember that some processors such as SUBDIVIDE, EXPAND, SYMMETRY, and
DUPL I CATE may create duplicate nodes. Although the nodes are in the same position,
they are not connected. The node that is picked as the refine node may be part of one
element’s connectivity but not of the neighboring element. The REFINE processor can, in
such an instance, produce unexpected and undesired results. To prevent this, it is usually
prudent to activate the SWEEP processor before a refine operation is performed.
Compression of all nodes|ocated within a specified distance is accomplished by activating
the NODES button in the SWEEP menu followed by alist of nodes that you want to sweep.
Generally, you will use the all: EXIST. list button to sweep all existing nodes. Finally,
renumber all items in the database in order to obtain a sequential node and el ement
numbering.
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MAIN
MESH GENERATION

SWEEP

sweep NODES
all: EXIST.

remove unused NODES
RETURN

RENUMBER
ALL

BTSN

........... } it
BELECH &
BETLHH L) oo | s o | reL nemtvew | Tee | e | TEe | W | W | e | mooe (@ | e
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Figure 10-11 Local Refinement Around a Node
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Figure 10-12 Completion of Local Mesh Refinement

Step 3

The rim of the wheel is considered to be arigid body and is constructed using a Bezier
curve. Use the following button sequence to add the rim.

MAIN
MESH GENERATION
FILL
ZOOM BOX
(Zoomin on the lower area)

GRID (on)

crvs ADD
5 (Pick point)
poi nt (-12, 0, 0) (Pick grid point)
point(-5.5,2.5,0) (Pick grid point)
poi nt (-11, 3.5,0) (Pick grid point)
point(-11,1.5,0) (Pick grid point)
END LIST (#)
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10-20
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Figure 10-13 Wheel Rim Added

The mesh has been conveniently generated so that the origins coincide with the center line
and the bottom of the tire. Use the following button sequence to move the entire mesh and
rim over adistance that is equivalent to the radius of the wheel:

MAIN
MESH GENERATION
GRID (off)
MOVE
TRANSLATIONS
0 13 0
ELEMENTS
all: EXIST.
CURVES
all: EXIST.
RETURN
FILL
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Not all elements of the tire will come into contact with the rim. You can drastically
minimize the analysis time by identifying the elements that make up the deformable body
that is expected to come into contact with the rim.

MAIN
CONTACT
CONTACT BODIES
NEW
DEFORMABLE
OK
elements ADD
(Pick the elements that may come
into contact with therigid body)
END LIST (#)

To identify the rim (curve) as arigid contact body, use the following button sequence:

Note: Itis important to use NEW in the following button sequence.
If NEW is not used, you will overwrite the contact body just entered.

MAIN
CONTACT
CONTACT BODIES

NEW

RIGID
OK

CURVES ADD
6 (Pick curve)
END LIST (#)

PLOT
label POINTS (off)
draw POINTS (off)
elements SOLID
RETURN

ID CONTACT (on)
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10-22
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Figure 10-14 Identification of Contact Bodies

The contact bodies are identified on the graphics screen by clicking on the ID CONTACT
button of the contact bodies panel. The curve that representsthe rigid body is enhanced by
cross-hatching the side where the body islocated. If the display indicates that the body is
located on the incorrect side, use the FLIP CURVES option to flip the curve. Refer to
Chapter 8 for a detailed description on using the FLIP CURVES option.

Now switch off the identification of contact bodies.

MAIN
CONTACT
CONTACT BODIES
ID CONTACT (off)
PLOT
elements WIREFRAME
FILL
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Step 4

Symmetry conditions are applied to the nodes along the symmetry line using the following
button sequence:

MAIN
BOUNDARY CONDITIONS
MECHANICAL
FIXED DISPLACEMENT
ON x displace
OK
nodes ADD
131 139 143
END LIST (#)

(on)

(Pick the three nodes at the right)

The symmetry boundary conditions are displayed in Figure 10-15.
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Figure 10-15 Symmetry Boundary Conditions Applied

Mentat User's Guide  10-23



w 1 O Tire Detailed Session Description

Step 5
Thetireisloaded by aninternal pressure. Use the following button sequence to specify the
loading history through atable.
MAIN
BOUNDARY CONDITIONS
MECHANICAL
TABLES

NAME
| oadi ng

TABLE TYPE
time
OK

XMAX
300

YMAX
220

ADD POINT
0 0
300 214

SHOW MODEL

It isimportant to specify the table type because a table will only be applied if the
appropriate type is assigned. For boundary conditions, only table typetimeisvalid.

Apply thisload to the interior of the tire using the following button sequence:

MAIN
BOUNDARY CONDITIONS

NEW

EDGE LOAD
pressure TABLE
loading
OK

edges ADD

(Pick the edges on the inside)

END LIST (#)
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The results of the applied internal pressure are depicted in Figure 10-16.

-l
—_—

A | FLES

[ A

Far

FRL
WY

Figure 10-16 Internal Pressure Applied

The material for this mesh is assumed to be uniform over the entire mesh. Specify the
material properties using the following button sequence:

MAIN

MATERIAL PROPERTIES

MORE

MOONEY

ele

C10

96. 5
C20

-19.3
C30

19. 3
OK
ms ADD
all EXIST.

Mentat User’'s Guide
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Step 6
Use the following button sequence to prepare aloadcase.

MAIN
LOADCASE
mechanical analyses STATIC

LOADS
OK

TOTAL LOADCASE TIME
300

# STEPS
300

OK

Thisloadcase isto be used in the job that ultimately is submitted for analysis. Use the
following button sequence to specify the job.

MAIN
JOBS
MECHANICAL
loadcases SELECT
Icasel
ANALYSIS OPTIONS
LARGE DISPLACEMENT (on)
NO FOLLOWER FORCE
(to switch to FOLLOWER FORCE)
OK
JOB RESULT
tensors
ecauchy
OK
AXISYMMETRIC
OK
ELEMENT TYPES

AXISYMMETRIC SOLID
82 (FULL & HERRMANN FORMULATION/

QUAD (4))

OK
all: EXIST.
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Use the following button sequence to submit the job.

MAIN
JOBS
SAVE
RUN
SUBMIT 1
MONITOR

The analysis stopswith an exit number 2004, indicating that arigid body motion is present.
(Thetire separates from the rim).

Step 7

The purpose of the preliminary analysisis to gain experience in completing arelatively
simple analysis. The following results will be displayed:

1. Animation of the deformation. Only the first and last frame are shown here.

2. Contouring of the von Mises stress on the tire cross section.
Use the following button sequence to open the resultsfile.

MAIN
RESULTS

OPEN DEFAULT
NEXT INC

To focus on the geometry, it is necessary to turn the node labeling and face identification
off asis shown in Figure 10-17.

Use the button sequence given below to turn the node labeling and face identification off.

MAIN
FILL
PLOT
draw NODES (off)
draw FACES (off)
REGENERATE
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Figure 10-17 Mesh without Node Labeling and Face Identification

Click on DEF & ORIG to request the original and deformed structure to be shown. The
animation buttons are in the second part of the postprocessing results menu and can be

reached by clicking on the MORE button. To create the animation frames, use the following
button sequence:
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MAIN
RESULTS
MORE

animate INCREMENTS
100
1

The numeral 100 is entered here as aresponse to the number of increments that need to be
processed.

From the analysis, we know that the results stretch out over approximately 13 increments.
Hence, 100 is a safe upper limit. The program will now prepare the frames for animation.
Figure 10-18 and Figure 10-19 show the second and last of the animation frames.
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Figure 10-18 Second Animation Frame
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Figure 10-19 Last Animation Frame

To animate the sequence of frames use the following button sequence:

MAIN
RESULTS
FILL
MORE
ANIMATION
FILL
PLAY

The equivalent Cauchy stress can be displayed by using the following button sequence:

MAIN
RESULTS
SCALAR

Equivalent Cauchy Stress

CONTOUR BANDS
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Figure 10-20 shows the results of the model with equivalent stress contour bands.
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Figure 10-20 Mesh with Equivalent Cauchy Stress Contours
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Conclusion

This example demonstrates that it is relatively easy to complete a contact analysis using a
simple to generate geometry and an incompressible material. The tire looses contact with
therim. Thisis caused by the fact that the steel belt isnot present in thisanalysis. Although
the results shown in this analysis have little engineering value, the analysisis valuablein

reassuring that the available toolsin MARC will enable you to solve a more complex
problem.
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Procedure File

| Version : Mentat 3.3
*alias action

*exec_p gen_i nage. proc
*action | figure 10.0 - dunmy
*action | figure 10.1 - dummy
*action | figure 10.2 - dummy
|@0|0()

| step 1

I

@ush( neshgen)
@ush(coord_systen)
*grid_u_domai n

-17 0

*grid_u_spacing

1

*grid_v_domain

0 17

*grid_v_spacing

1

*set _grid on

*Till _view

@op(1)
@ush( pl ot _screen)
@ush(plotl _screen)
@ush(di vi si ons_screen)
*set _pl ot _divisions_high
*regenerate

@op(1)

@op(1)

@op(1)

@ush(curve_type)

*set _curve_type bezier
@op(1)

*add_curves

poi nt (0, 14, 0)
point(-11, 13, 0)

poi nt(-11, 6,0)
point(-5,4,0)
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poi nt(-5,0,0)
#
*action | figure 10.3 -
@ush(coord_systen)
*grid_u_spacing
0.5
*grid_v_spacing
0.5
@op(1)
*add_curves
poi nt (-9, 16, 0)
poi nt (-9, 14, 0)
poi nt (-10.5, 13, 0)
poi nt (-10.5, 8.5, 0)
#
*action | figure 10.4 -
@ush(pl ot _screen)
*set _point _| abels on
*regenerate
@op(1)
*add_curves
9
poi nt(-10.5, 4,0)
point (-9.5,3.5,0)
point(-8.5,1.5,0)
poi nt (-8,0,0)
point(-7.5,0.5,0)
5
#
*action | figure 10.5
*edi t _points
13
-9.5-0.50
10
-11.0 -0.5 0
11
-750
#
*action | figure 10.6
*add_curves
6
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point(-7.5,16,0)
point(-1.5,17,0)
poi nt (0, 17, 0)
#
*action | figure 10.7
*add_curves

17

1
# | End of List
*action | figure 10.8

| step 2: automatic neshing
|

*set_grid off
@ush(aut onesh)
@ush(aut omesh_pl anar)
*set _overl ay_di vi si ons
20 20

*over | ay_nesh

al | _existing

*action | figure 10.9
@op(1)

@op(1)
@ush(subdi vi de)
*sub_di vi si ons

211
*subdi vi de_el enent s
52 3 57 61

# | End of List
*action | figure 10.10
*zoom box
*zoom box(1, 0.399093, 0. 703562, 0. 717687, 0. 986005)
*refine_node

1

1
# | End of List
*action | figure 10.11
*subdi vi de_el enent s

48 47
# | End of List
*action | figure 10.12
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@op(1)

@ush(sweep)
*sweep_hodes

al | _existing
*renove_unused_nodes

@op(1)

@ush(renunber)

*renunber _al

@op(1)

@op(1)

I

| step 3: create the rimas a rigid body and identify the contact
bodi es

|

@ush( meshgen)

*set _grid on
*add_curves

5

poi nt (-12, 0, 0)

poi nt(-5.5,2.5,0)
point(-11, 3.5,0)
point(-11,1.5,0)
#

*action | figure 10.13
*set_grid off
@ush(nove)

*set _nove_translations
0130

*move_el enent s

al | _existing
*nmove_curves

al | _existing

*Fill _view

@op(1)

@op(1)

@ush(cont act)
@ush(cont act _bodi es)
*new_cont act _body
*cont act _def or mabl e
@opup(cont act _deform pm
@opdown(cont act _def orm pm
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*add_contact _body_el enents
1234567 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 104
105 106
107 108 109 110 111 112 113 114 115 116 117 118 119 103 43
# | End of List
*new_cont act _body
*contact _rigid
@opup(contact _rigid pnm
@opdown(contact _rigid pm
*add_cont act _body_curves
6
# | End of List
@ush( pl ot _screen)
*set _point _| abel s off
*set _points off
*el ements_solid
@op(1)
*identify_contact *regen
*action | figure 10.14
@op(1)
I@JOlO( 1)
| step 4: add boundary conditions
I
@ush(cont act)
@ush(cont act _bodi es)
*identify_none *regen
@op(1)
@op(1)
@ush(appl y)
@ush( pl ot _screen)
*el ements_wiref rame
*regenerate
@op(1)
@ush(appl y_nechani cal )
*apply_type fixed_di spl acenent
@et ($user subf v, FORCDT)
@opup(fixed disp_pm
*appl y_dof x
@opdown(fixed disp_pm
*add_appl y_nodes
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131 139 143
# | End of List
*action | figure 10.15
I

| internal pressure
|
*new_apply
@ush(tabl e)
*t abl e_nane
| oadi ng
*set _table_type
@opup(tabl e_type_pnm
@ist(table_type_list,0)
tinme
@opdown(tabl e _type pm
*set _tabl e_xmax
300
*set _tabl e_ymax
220
*t abl e_add
00
300 214
*show_nodel
@op(1)
*apply_type edge_l oad
@et ($user subf v, FORCEM
@opup(appl y_edge_| oad_popnenu)
*apply_table p0O
@et ($dof , p0)
@opup(appl y_sel ect _t abl e_popnenu)
@ist(select_table_list,0)
| oadi ng
@opdown( appl y_sel ect _t abl e_popmrenu)
@opdown( appl y_edge_ | oad_popnenu)
*add_appl y_edges
43:2 44:2 45:2 47:2 48:2 49:2 53:2 56:2 58:2 59
66: 2 68:2 70: 2
73:2 74:2 77:2 78:2 80:2 81:2 82:2 84:2 85:2 86
111:2 112:2
# | End of List
*action | figure 10.16
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@op(1)

@op(1)

@ush(mat _pr ops)

@ush(mat _props2)
*mat eri al _type nmechani cal : nooney
@opup( mat _nmooney)

*mat eri al _val ue noboney: cl10
96. 5

-19.3

*mat eri al _val ue nooney: c01
0

*mat eri al _val ue noboney: c20
-19.3

*mat eri al _val ue nooney: c30
19.3

@opdown( mat _nooney)

*add _nmaterial _elenents

al | _existing

@op(1)

@op(1)

@ush( | oadcase)

@ush( 1 case_nechani cal)

*| oadcase_type static
@opup(l case_static)

*| oadcase_val ue tine

300

*| oadcase_val ue nsteps

300

@opdown( | case_static)
@op(1)

@op(1)

@ush(j obs)

*j ob_cl ass nechani cal
@opup(j ob_nechani cal)
@ist(job_remlcase_list,0)
@ist(job_add_Icase_list,0)
*add_j ob_| oadcases | casel
@opup(j ob_an_opts_mech_popnenu)
*job_option | arge: on

*j ob_option fol |l ow on
@opdown(j ob_an_opts_nech_popnrenu)
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@ist(job_add I case |ist,0)
@ist(job_remlcase |ist,0)
@opup(tensor_scal ar _popnenu)

@i st(post_tensor _listl,0)

@i st(post_var _listl,0)

*add_post _tensor cauchy
@opdown(tensor_scal ar _popnmenu)
@ist(job_add | case |ist,0)
@ist(job_remlcase_list,0)

*j ob_option di nen: axi sym

@opdown(j ob_mechani cal )
@ush( el ement _t ypes)
@opup(mech_el type_axi sym solid_pm
*el ement _type 82
@opdown(mech_el type_axi sym solid_pm
al | _existing

@ush(fil e_screen)

@et ($fil e_browser _| abel , SAVE AS FI LE)
@et ($fil e_browser _conmand, *save_as_nodel )
@opup(save_fil e_browser_popnenu)
@ist(save file_ browser filelist,0)
@ist(save file_browser _dirlist,0)
*save_as_nodel c¢10.nud yes
@opdown(save_fil e_browser_popnenu)
@op(1)

@op(1)

*updat e_j ob

@opup(j ob_run_popnenu)

*submit _job 1

*moni tor _j ob

@opdown(j ob_run_popmnenu)

@op(1)

@ush(resul ts)

*post _open_defaul t

*post _next

@ush(pl ot _screen)

*set nodes off

*set faces off

*regenerate

@op(1)

*action | figure 10.17
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*set deformed both
@ush(resul ts2)

*post _ani mate_i ncrenents
100

1

@op(1)

*action | figure 10.18
*action | figure 10.19
*post _val ue
@opup(post _scal ar_pm
Equi val ent Cauchy Stress
@opdown( post _scal ar_pm
*post _cont our _bands
*action | figure 10.20

@op(1)
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Transmission Tower

Chapter Overview

This chapter describes a sample session that illustrates the functionality of the Mentat
program through the modeling and analysis of atower structure. The goa of thischapter is
to give you hands-on experience with the following Mentat capabilities.

m  To show you how to create a mesh of linear beam elements using the following mesh
generation features:

— user-defined local coordinate systems
— node and element creation,
— element subdivision and duplication.
m  Todemonstrate a static and amodal analysis of a model.

m  Toview and examine the results of an analysis.
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Background Information

Tower Description

Thetower is68 feet high, 18 feet square at the base, 4 feet square at the top, and has 6 cable-
arms, each 6 feet wide. The tower is made of steel angles (L3x3x1/4 and L2x2x1/4) and is
loaded by member self-weight, wind, and cable loads. Thefeet at the base of the tower are
fixed. A sketch of the tower isdepicted in Figure 11-1.
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Figure 11-1 Transmission Tower
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Idealization

By virtue of the element type used in this model, MARC Element Type 52, the sketch in
Figure 11-1 and the finite element model itself are identical. Thismay not be truein al
cases. Members of the tower are idealized as beam elements with 6 degrees of freedom at
each node (ux, uy, uz, rxx, ryy, rzz).

The wind loads are applied as distributed |oads along the main vertical members of the
tower. Cable loads are applied as point loads at the end of the cable-arms. Self-weight is
applied as distributed loads on all members.

Requirements for a Successful Analysis

The anaysisis considered successful if the displacements of the structure, asaresult of its
external loading, can be determined. The second part of the analysis (modal analysis) is
successful if the eigenmodes of the structure can be predicted.

Full Disclosure

Analysis Types
Linear static
Modal

Material
Steel, Young’'s modulus = 4.176e9 psf, Poisson’s ratio = 0.3.

Mass density = 15.217 slug§lft

Elements
MARC Type 52, three-dimensional, two-noded beam element.

Element Properties

Those obtained from the AISC steel manual.
L3x3x1/4

Weight = 4.9 Ibs/ft.

Area = 0.01 f.

Ixx = lyy = 6.0e-5 ff.
L2x2x1/4
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Weight = 3.19 Ibg/ft.
Area= 0.00651 ft2.
Ixx = lyy = 2.0e-5 ft,

Overview of Steps

11-4

Step 1

Step 2

Step 3
Step 4

Step 5

Step 6

Step 7
Step 8
Step 9
Step 10

Create thefirst face of the main tower structure by adding nodes and elementsand
using user-defined coordinate systems, subdivision, and symmetry.

Duplicate the first face to create the remaining faces of the main tower structure.
Itiscrucia to sweep nodes and elements after using symmetry and duplicate.

Create one cable arm by adding nodes and elements and using subdivide.

Use symmetry on thefirst arm to create the second arm. Then use duplicate on the
first two to create the remaining cable arms.

Add boundary conditions. Specify fixed displacements at nodes to constrain the
nodes at the tower base. Apply agravity load to the elements. Group the elements
in setsso that you can easily refer to them later. Add distributed wind loads. Apply
cable loads as point loads on the nodes at the ends of the cable arms.

Define the material and apply it to al elements. Define the geometric properties
and apply them to the appropriate elements.

Job submission of the static analysis.
Static analysis results processing.
Job submission of the modal analysis.

Modal analysis results processing.
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Detailed Session Description

When modeling a structure, it is very important to define a coordinate system that can be
referred to as you create different parts of the structure. The global coor dinate system,
called the x-y-z system, is the coordinate system attached to the earth and can be used for
this purpose. The global coordinate system may not always be the optimal choicein Mentat
because the design of the program restricts the orientation of the model, particularly when
graphical input is desired.

A local coordinate system isaset of three independent directions and an origin, defined
with respect to the global coordinate system. For easy reference we refer to the local
coordinate system as the u-v-w system. The nature of this system may be cartesian,
cylindrical or spherical according to the commonly accepted definitions. Initialy the local
coordinate system coincides with the global x-y-z system. We emphasize once again that
the position and orientation of the local coordinate system is defined in terms of the global
coordinate system. Everything else, except viewpoint, is defined in terms of the local
coordinate system.

A Note on Grid Space

If you are using the mouse to input entities such as nodes, you need to relate the two-
dimensional space of your screen to three-dimensional reality. Choose the u-v plane of the
local coordinate system as aplanethat is sensitive to mouse picks. You can orient the input
grid anywhere in space ssimply by trandlating and rotating the local coordinate system. By
virtue of the fact that the local u-v-w coordinate system initialy lines up with the global
coordinate system, the input grid also initially liesin the global x-y plane.
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Figure 11-2 Local Coordinate System (u-v-w)

A Note on Viewpoint

Theability to orient thelocal coordinate system anywherein space does not necessarily mean
that itisoptimal for graphical input. The best resolution of the grid is obtained by viewing the
grid plane with the eye positioned aong the normal to that plane. Use VIEWPOINT in the
MANIPULATE CAMERA (ABSOLUTE) menu - which can be entered viathe VIEW menu - to
define the appropriate eye position measured with respect to the global coordinate system.
Once again, we emphasize that viewpoint and the position of the local coordinate system are
the only two exceptionsto the rule that everything in Mentat ismeasured in local coordinates.

Keep the following three points in mind with respect to viewpoint.
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m  Changing the viewpoint is not the same as rotating the object that you are viewing.
Although the end result may appear to be the same, there is afundamental difference.
Changing the viewpoint does not change the position of the model, while a
transformation of the object permanently changes the position of that object.

m  Changing the viewpoint is not related to changing the local coordinate system. These
are two independent actions.

m  Changing the position and sense of thelocal coordinate system only affectsthe position
of entities that have yet to be defined. It does not influence or change the position of
entities, such as nodes or points, that have already been defined.

Asdescribed in previous sample sessions, the first step in building afinite element meshis
to establish an input grid. Activate the grid and set the grid spacing to 1 unit and the grid
sizeto 10 units.

The best approach to use for creating the transmission tower isto align the center line of
the structure with the global z-axis. Rotate the local coordinate system about the global
x-axisover 90 degrees, and trandateit over 9 unitsinthe global y-direction. Set and activate
view 2.
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11-8

MAIN
MESH GENERATION
SET
U DOMAIN
-10 10
U SPACING
1
V DOMAIN
-10 10
V SPACING
1
grid ON
ROTATE
90 0 O
TRANSLATE
0 9 O
VIEW
activate 2
show 2
FILL
PLOT
label NODES
label ELEMENTS

(on)

(on)

(on)
(on)

Prior to adding elements, the user has to change the default element class for newly
generated elementsfrom QUAD(4) to LINE (2). Use the ADD button from the ELEMS panel to
add the first three elements to form atriangle that will constitute the base of the tower:

MAIN
MESH GENERATION

ELEMENT CLASS
LINE (2)
RETURN

elems ADD
node(-9, 0, 0)
node(-9, 10, 0)
node( 0, 10, 0)
1
2
3
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Figure 11-3 First Three Elements of Tower Base

Having obtained Figure 11-3, continue to subdivide the vertical side and the hypotenuse,

and add the two cross members. Notice how you have started to create to the left of thelocal
v-axis. Although this does not look at all like the base yet, you will continue to add to the
left side of the tower face and use symmetry to complete the first face. Figure 11-4 shows

the results of this operation.

MAIN
MESH GENERATION
SUBDIVIDE
ELEMENTS
1 2
END LIST (#)
RETURN
elems ADD
5

8
8
6

(pick node)
(pick node)
(pick node)
(pick node at upper left position)
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Figure 11-4 Left Base of Tower

The next step isto establish anew local coordinate system with agrid spacing of 2 and a
grid size of 20 to create the head of the tower that is parallel to the local coordinate system
of the base but shifted 50 unitsin z-direction. Figure 11-5 showsthe new coordinate system

relative to the part of

the base that you have already defined. Use the SHOW ALL VIEWS

option to view the model from the four default angles. View 2 shows that the new local

coordinate systemis
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MAIN
MESH GENERATION
SET

U DOMAIN
-20 20

U SPACING
2

V DOMAIN
-20 20

V SPACING
2

TRANSLATE
0 -7 50

VIEW
activate 1 (off)
activate 2 (off)
activate 4 (on)
PERSPECTIVE
ACTIVATE ALL
SHOW ALL VIEWS
FILL
show 2
RETURN
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Figure 11-5 Four Views of New Local Coordinate System

Use the technique of generating one master element and subdividing it into 6 equally sized
elements to generate the | eft side of the head. Keep the bias factor equal to zero but change
the number of subdivisionsto 6 in the first direction of the element.

Since line elements are one-dimensional elements, it is not necessary to define the number
of elements in the second and third direction. In general, the direction in which the
subdivisions are made is dependent on the connectivity; that is, the order in which nodes
are entered to create an element.
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MAIN
MESH GENERATION
elems ADD (Pick fromthe grid)
node(- 2, 0, 0)
node( -2, 18, 0)
SUBDIVIDE
DIVISIONS
6 2 2
ELEMENTS
10 (the newly generated el ement)
END LIST (#)
| sumorene — 1 ;..':-?I ......... m
] L
F
S Fcrms o L ol
[0 . pi :
INNENENI e i
TLFEERTS CURT S | .......... L o oooooadt ]
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Figure 11-6 Creating the Left Side of the Tower Head

The next step isto generate the sloping mid-section. Set the grid spacing to 1 and the grid
size to 50 to define yet another local coordinate system to connect the two coordinate

systems that were already defined.
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11-14

Use ALIGN to line up the local u and v axes so that the plane spanned by these two axes
contains the origins of both previous coordinate systems. Thisway you can use the grid to
define the mid-section elements.

MAIN
MESH GENERATION
SET

ALIGN
0 9 10 (upper right of lower section)

-9 9 10 (upper left of lower section)
-2 2 50 (bottom node of top section)
U DOMAIN
-50 50
U SPACING
1
V DOMAIN
-50 50
V SPACING
1
VIEW
show 3
RETURN

Mentat User’s Guide



w 1 1 Transmission Tower Detailed Session Description

COOHEETE SVETEM - m
® G | L] | ST AFS '”
UGN [= ‘“

o &
WSFACEG [ b
g
o HIAGN = '_._l:-
Ery i
W SPACHG [Eei ]
L n

P =

 frC il n Ak FEw
CrLEHRICA] FECW

DRI FIEW

& TE i |

(s romrs Jroma
| T omacas ey
- - = F: —_— .’w ,"
L] -] L] 11
Al ST A A. -
| TRAbE ETATE '-'_
e = o
BETLRH W URD) | ST | LAY | PR [ PEsETvew | T | TV | T s | As | REs | TG4 I‘-I_ll.Ell'l
LE" | Fes | Ean || aes | AL LR IIH |nl ||.r e | e | R | T (=11 |"“-”'

Figure 11-7 Local u and v Axes Aligned

The subdivisions aong the mid-section are not equally spaced. Thisiswhere the biasfactor
can be used to successfully generate a weighted subdivision. The following example
illustrates the theory behind the bias factor.

Suppose you want to subdivide the line element in Figure 11-8 so that the length of the
elements are biased towardstheright. The desired number of subdivisonsisassumed to be

4 and alocal coordinate t isintroduced, which ranges from -1 at the first node to +1 at the
second node. An unbiased subdivision would produce 4 elements with their respective

nodeslocatedatt = —-1,t = -1/2,t = 0,t = +1/2 andt = +1. A biased subdivision
relocates these nodes using the formula
t = t+b(1-t°)

where b isthe bias factor and t* isthe biased local coordinate.
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Using abiasfactor b = 0.5 will result in nodes at { = -1, { = -1/8, { = +1/2,

t = +7/8andt = +1.The unconditionally valid range of the bias factor is

—-05<b<+05.
—> t . .
original
® ® element
-1 +1
t biased
unbi
o o ® o ® subdivision
-1 -1/2 0 +1/2 +1
—t
o0 subdivision
® ® ® with bias 0.5
-1 -1/8 +1/2 +7/8+1

Figure 11-8 Subdivision of Line Element (Biased to the Right)
The mid-section consists of abiased and an unbiased part (L O-mid-section and HI-mid-

section). Continue to generate the tower creating two el ements and subdividing them, once
using a bias factor of 0.2 and once using a bias factor of 0.0.
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MAIN
MESH GENERATION
VIEW
show 2
RETURN
nodes ADD
0 13 0 (pick grid point)
elems ADD
6 (pick upper left node of lower section)
12 (pick bottom node of top section)
SUBDIVIDE
DIVISIONS
2 1 1
BIAS
-0.2 0 O
ELEMENTS
17
END LIST (#)
DIVISIONS
5 1 1
BIAS
0.2 0 O
ELEMENTS
19
END LIST (#)
DIVISIONS
4 1 1
BIAS
0 0 O
ELEMENTS
18
END LIST (#)

Mentat User's Guide  11-17



w 1 1 Transmission Tower Detailed Session Description

CAFER A m
1
1
— - - - —
i
i
LIRS DTS | ;
BT ;
BEFEE :
H
i '
=
o o
¢ :
21 E
f :
-] :
! .
B SR i {
| i i R
q o
! i [
BELECT o :
BETIRH Lo URDD | B | AW FEL [ MESTTVIRW | TEs | TV | TR | R | AR MLIE M |umn
ANTLE" | FLES | P07 || v T v uoe | T8 | e | e | e | R | Bi- | o

Figure 11-9 Subdivided Elements in the Mid-Section

As anext step, the lower-mid-section is completed and cross members are added in this
part.

MAIN
MESH GENERATION
elems ADD

33 (pick middle node of mid-section)
19 (pick auxiliary node at u= 0)
19 (pick auxiliary node at u= 0)

29 (pick upper left node of base)
SUBDIVIDE

DIVISIONS
3 1 1
ELEMENTS
30
END LIST (#)
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MAIN
MESH GENERATION
elems ADD
34 (pick auxiliary node at u= 0)
32 (almost horizontal to the left)
32 (work the diagonals)
35
35
31
31
36
36
30
PLOT
label ELEMENTS (off)
REGENERATE
RETURN
UEEH ERERATN | Puannr
EOOES  ADD | BER | LT
s 0o o
L e ]
TS A Elﬂl ............................................................................
SWS A00 | BEW | CLNT
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Figure 11-10 Completed Mid-Section
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Step 2

The stage is now set for a symmetry operation. Please note that this operation is aways
carried out in the local coordinate system. The point with coordinates (0,0,0) and the
normal vector (1,0,0), both in the U,V,W coordinate system, define the symmetry plane.

These are the default settings for Mentat.

MAIN
MESH GENERATION
SYMMETRY
ELEMENTS
all: EXIST.
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Figure 11-11 Cross Section of Tower Member
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The object of the symmetry operation is to establish the key pointsin space so that you can
complete one face of the tower. Use the existing points and click on the nodesin succession

to add the cross members. Note that the program assumes you want to add new elements until
you instruct it otherwise. Note also that it is not necessary to activate the ‘elems ADD’ bu
every time you enter a new element.

MAIN
MESH GENERATION
elems ADD
(first generate the horizontal cross
member between nodes 33 and 64,
then work the diagonals
in the high-mid-section)
PLOT
label NODES (off)
REGENERATE
RETURN
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Figure 11-12 Tower Face Completed
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The next step isto duplicate the geometry of one tower face three times to complete the
structure. There are some remarks to be made prior to executing this step:

m  Perform a sweep operation on al nodesin order to remove the duplicate nodes from
the model.

m  Thecurrent local coordinate system is not ideal to use for specification of the point
about which to duplicate nor for specification of the rotation vector. Reset the
coordinate system so that it lines up with the global coordinate system: make sure the
u-direction isparallé to the x-direction, the v-direction parallel to they- direction, and
the w-direction parallel to the z-direction.

Now duplicate the face you just created. The rotation duplication vector should be 90
degreesin the z-direction and the point of duplication O, 0, 0. Figure 11-13 showstheresults
of the duplication operation from 4 different viewpoints.

MAIN
MESH GENERATION
SWEEP
sweep NODES
all: EXIST.
RETURN
SET
RESET
grid ON (to switch off grid)
RETURN
DUPLICATE
ROTATIONS
0 0 90
REPETITIONS
3
ELEMENTS
all: EXIST.
VIEW
SHOW ALL VIEWS
FILL
RETURN
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Figure 11-13 Four Views of Tower Face Duplication

The various operations you have just executed may have left duplicate nodes, that is nodes
with different identification numbers but occupying the same space. In finite element terms,
these nodes are not connected which may introduce undesirable mechanismsin the structure.

Use the SWEEP processor to eliminate the duplicate nodes that occupy the same location
into one node with a single identification number. Since thisinvolves a comparison of real
coordinates that cannot be done exactly in a computer, nodes are swept together if they are
within a certain tolerance from each other. This tolerance can be changed from its default
value. Be careful when adjusting the tolerance astoo large a tol erance can collapse the entire

structure into a single point.
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11-24

MAIN
MESH GENERATION
SWEEP
sweep NODES
all: EXIST.
sweep ELEMENTS
all: EXIST.

Now that you have generated the gross anatomy of the tower structure, it is useful to
identify parts of the structure by name. The concept of set naming isavery powerful tool;
it can be used in any place where alist isrequired and allows you to manipulate a group of

entities rather than individual entities.
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Figure 11-14 Boxes Used for Element Set Selection
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You have aready defined the base, mid-section, and head of the tower. Use the Box Pick
Method to fence off the different portions of the mesh. The STORE ELEMENTS command in
the SELECT menu prompts for a set namefirst, followed by alist of elements. Position the
cursor at one corner of the portion of el ementsto be fenced off. Depressthe left mouse button.
Drag the cursor to the opposite corner of the box and release.You havejust selected every item
that isinsde the box, indicated by achangein color. The extent of thebox are+c and - in
the direction perpendicular to the screen.

MAIN
MESH GENERATION
VIEW
show 2
RETURN
SELECT
elements STORE
base
(Box Pick the elementsin the base of
thetower, see Figure 11-14)
END LIST (#)
MAIN
DEVICE
picking PARTIAL
SELECT
elements STORE
m d_sect _|o
(Box Pick the elements, realizing
that all elements partially within
the box will also be included)
END LIST (#)
RETURN
picking COMPLETE
SELECT
elements STORE
m d_sect _hi
(Box Pick the elements)
END LIST (#)
elements STORE
head
(Box Pick the elements)
END LIST (#)
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Figure 11-15 Element Sets Created

The current structure still contains a number of mechanisms that need to be eliminated by
adding members. For example, the legs of the base contain mechanismsthat are eliminated

by adding cross members. In order to accomplish this, limit the visible elementsto the base.
Proceed to the SELECT submenu and click SELECT SET, activate the desired set and click
MAKE VISIBLE. Only the elements contained in the set 'base’ and their nodes remain visi
The base only occupies a small portion of the screen. Select view 4 for disptay.ahd
screen.
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The current view point is perhaps not optimal. Nodes may overlap, making it impossibleto
pick nodes at some locations. Use dynamic viewing to change the position of the mesh so
that you can add the additional cross-members.

Dynamic viewing can be switched on by clicking DYN. VIEW in the static menu. Next,
position the cursor in the middle of the graphics area and hold down <MM >. Move the
mouse to the left or right and see how the mesh rotates about the screen axis.

Asan alternative, in the button sequence the model isrotated around its z-axis using one of
the buttons in the MANIPULATE MODEL menu.

Use the basic element ADD command to add the cross members. Repeat thisfor partsin the
lower mid-section.

Note:

Elements can only be added when dynamic viewing is off. If you try to add an element with
dynamic viewing on, the result will be a null operation.
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Figure 11-16 Elements to be Added in the Base of the Tower
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MAIN
MESH GENERATION
PLOT
label NODES (on)
RETURN
SELECT
SELECT SET
base
OK
MAKE VISIBLE
RETURN
VIEW
show 4
FILL
activate 1 (off)
activate 2 (off)
activate 3 (off)
MANIPULATE MODEL
rotate in model space Z-
RETURN
RETURN
elems ADD
(add elements as indicated in Figure 11-16)
SELECT
elements STORE
base
all: VISIBLE
SELECT SET
m d_sect _|o
OK
MAKE VISIBLE
RETURN
FILL
elems ADD
(add elements as indicated in Figure 11-17)
SELECT
elements STORE
m d_sect _|o
all: VISIBLE
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Step 3

11-30
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Figure 11-17 Elements to be Added in the Lower Mid-Section

The next step isto generate the arms of the tower from which the high voltage cables are
suspended. Make the head of the tower visible so that you can easily pick nodes with the
mouse. The position of the node at the extreme end of the arm is known and added through
the node ADD command. Use the mouse pick to create the elements between the node at the
extreme end and the different portions of the head.
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Figure 11-18 Elements to be Added
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MAIN
MESH GENERATION
SELECT
SELECT SET
head
OK
MAKE VISIBLE
RETURN
FILL
ZOOM BOX
(zoomin on top section)
VIEW
MANIPULATE MODEL
rotate in model space Z- (click 7 times)
RETURN
RETURN
nodes ADD
-8 0 63
elems ADD
(Add 4 elements according to Figure 11-18)
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Figure 11-19 Elements to be Added

MAIN
MESH GENERATION
SUBDIVIDE
DIVISIONS
2 1 1
ELEMENTS

END LIST (#)
RETURN
elems ADD

VIEW
ACTIVATE ALL
FILL
show 2
RETURN

(Pick the 4 elements just created)

(Add 9 elements according to Figure 11-19)
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Figure 11-20 Box Pick of Transmission Tower Arm

Store the e ements of the arm in an e ement set called arm for |ater reference.

MAIN
DEVICE
picking PARTIAL
SELECT
elements STORE
arm
(Box Pick the elementsin the arm)
END LIST (#)
RETURN
picking COMPLETE
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Step 4
Use symmetry and duplicate to reproduce the arm on either side of the tower head.

MAIN
MESH GENERATION
DUPLICATE
RESET
ROTATIONS
0 0 180
ELEMENTS
arm
FILL
RESET
TRANSLATIONS
0O 0 -6
REPETITIONS
2
ELEMENTS
arm
RETURN
SWEEP
sweep NODES
all: EXIST.
SELECT
ELEMENTS
all: EXIST.
MAKE VISIBLE
FILL
RETURN
PLOT
label NODES (off)
MORE
IDENTIFY
SETS
REGENERATE
NONE

You have now completed Steps 1 through 4 outlined in Overview of Stepson page 11-4. The
goal of these four steps was to show you the importance of defining alocal coordinate
system and using it to add, duplicate, and symmetry parts of the tower structure.
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Figure 11-21 Completed Transmission Tower Model

This section outlined the advantage of using the symmetry of a structure in two-
dimensional before creating a three-dimensional structure using the duplication process.

You have been using the direct meshing technique described in Chapter 3 to model the
transmission tower. At thispoint, you have only completed the geometrical part of thefinite
element mesh. The next step isto specify the correct boundary conditions and loads.
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Step 5

There are basically two types of boundary conditions for this model: kinematic and load.
1. Kinematic: The base of the structure is attached to the ground.

2. Load: Gravity
Point loads are applied to the cable armsto simulate the
weight of the cables.
Wind loads are applied as distributed |oads perpendicul ar
to the tower.

Chapter 3 discussed how the application of boundary conditionsis equal to the process of
finding the answer to the question: “Appifnat, where, andwhen”

First concentrate owhat.

TheBOUNDARY CONDITIONS button in the main menu reveals a submenu that allows y«
to specify mechanical boundary conditions.

Kinematic Boundary Conditions

Click onFIXED DISPLACEMENT. A pop-up appears over the graphics area. Constrain thi
first three degrees of freedom by clicking the button.

Note that while the pop-up is activated your view of the graphics area is obstructed an
other buttons of the regular menu are inactive. You must confirm the values entered ir
pop-up, by clicking on the OK button, before you can access the regular menu again.

Now that you have answergdhat, you can concentrate ovhere.

If you limit your view to the base, you can easily pick on the nodes that attach the struc
to the ground. This operation completeswinere and ties it to th&hat portion of the
equation. Since the problem is time independent, the equation is complete because tf
no need to answeavhen. The application ofvhat is confirmed by the display of arrows in
the direction it was applied.
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MAIN
BOUNDARY CONDITIONS
MECHANICAL
NAME
bolts
SELECT
SELECT SET
base
OK
MAKE VISIBLE
FILL
RETURN
FIXED DISPLACEMENT
ON x displace
ON y displace
ON z displace
OK
nodes ADD

END LIST (#)

Mentat User’s Guide
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Figure 11-22 Boundary Conditions
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For future reference, it is useful to group elements and store them in a set that can be
referenced later by name. We aready mentioned that not all members are of the same
geometry. Usethe SELECT option to group all elementsthat are L 3x3 angles. Storethisgroup
inaset called L3x3. All other members are L2x2 angles. Generate alist of these elements by
inverting the previouslist and storing them in a set called L2x2.

|1ec

IS
IET ]
ECOLY
_FALET

FONTS
BT
|SimFAcEs

UM

_WERIKCES
_EDAGES
FaiEd
| sTamE FomE FATH SPORE onpeRED #
SELECT 5T BERKAT ST
SELECT CORMLACT B0 EHITTIES
| SELECT B

=

STCHE
ET
FICHE
SronE
STOAE
STCE |
ATcnE |5
ATCHE
STONE
TRk [
E 1= 13 Iu

.

R IR IR
£

. i

B T .

-
L

FLTTA e L,
(o | smF £
(SEEET o | ane |

FLAME 101 g

KE W E
TLERH BELECT

EEEED

Fosm | iy

UNDD | S | DAY | TEL | NESCTWDY

UFE T L]

- “""]',:""'i;"_';.‘i

L

i
"
=}

K

-{-l-l-n.

WTLE" | FUER" [ Foor | vew | ™ o uoL | T

Figure 11-23 Elements to be Contained in Set L3x3
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MAIN
MESH GENERATION
SELECT
elements STORE
L3x3
(pick elements from base)
END LIST (#)
SELECT SET
md sect _|lo
OK
MAKE VISIBLE
FILL
elements STORE
L3x3
(pick elements frommid_sect_|o)
END LIST (#)
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MAIN
MESH GENERATION
SELECT SET
m d_sect _hi
OK
MAKE VISIBLE
FILL
elements STORE
L3x3
(pick elements from mid_sect_hi)
END LIST (#)
SELECT SET
head
OK
MAKE VISIBLE
FILL
elements STORE
L3x3
(pick elements from head)
END LIST (#)
SELECT SET
arm
OK
MAKE VISIBLE
FILL
elements STORE
L3x3
(pick elements from arm)
END LIST (#)
ELEMENTS
all: EXIST.
MAKE VISIBLE
FILL
ELEMENTS
all: EXIST.
select mode AND (to switch to EXCEPT)
L3x3
elements STORE
L2x2
all: SELECT.
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MAIN
MESH GENERATION
SELECT
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RESET
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Figure 11-24 Identify Sets
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11-44

Load (Gravity)

Similar to the FIXED DISPLACEMENT button, when you activate the GRAVITY LOAD button,
a pop-up appears over the graphics area where you can enter appropriate values of the
gravity load. The program expects the magnitude of the gravity acceleration in the negative
z direction here. This answers the what portion of the equation. Use the all: EXIST. button
to answer the where part of the equation.

MAIN
BOUNDARY CONDITIONS
MECHANICAL

RESET VIEW

FILL

NEW

NAME
gravity

GRAVITY LOAD
Z ACCEL.

-32.2

OK

elements ADD
all: EXIST.

Wind Load

Assumethat the transmission tower is subjected to awind load with astronger load applied
to the upper part of the tower and aweaker load to the lower part of the tower. Simulate the
wind loads by applying a distributed load in y-direction. Assume that only one face of the
tower isloaded by thiswind load.

Prior to applying the loads element sets of all elementsin the lower and upper frontal face
of the tower will be generated. The upper portion is stored in an element set called hi_front
while the lower portion is stored in aset called [o_front.
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Figure 11-25 Gravity Load for the Structure
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Figure 11-26 Box Pick from base for lo_front
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Figure 11-27 Polygon Pick from mid_sect_lo for lo_front
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Figure 11-28 Polygon Pick from mid_sect_hi for hi_front
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Figure 11-29 Box Pick from head for hi_front
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Figure 11-30 Box Pick from arm for hi_front
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MAIN
BOUNDARY CONDITIONS
MECHANICAL
SELECT
VIEW
show 1
RETURN
SELECT SET
base
OK
MAKE VISIBLE
elements STORE
| o_front
(select according to Figure 11-26)
END LIST (#)
SELECT SET
m d_sect _|o
OK
MAKE VISIBLE
elements STORE
| o_front
(select according to Figure 11-27)
END LIST (#)
SELECT SET
m d_sect _hi
OK
MAKE VISIBLE
elements STORE
hi _front
(select according to Figure 11-28)
END LIST (#)

Complete the set hi-front by processing the sets ‘head’ and ‘arm’ in an identical way.
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Now actualy apply the loads:

MAIN
BOUNDARY CONDITIONS
MECHANICAL
NEW
NAME
hi _w nd
GLOBAL LOAD
Y FORCE
-120
OK
elements ADD
hi _front
ECHANCA] BTy e —
L L TMARD
ol e
HTHROANT COHGTICH TYTE
" IR0 ESLACT WY |
“ PEED ACCELE ARG H |
el Gk |
B LoD |
T RACE LOWAO |
& GEAR O
(T | () [
T CERMENNLL | TAD .
- o
................ A )
T
i s
HLrEERTY f el
CLIRWES el
SIRFACEE  ADN f
{iwL. | R S -__.' '-_“_ll
BELEE
BETLRH Ly oo | s onaw | ral | nemeTvew [T | T | TR | R | W | e | Do (0 | uen
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Figure 11-31 Strong Wind Load

Inanidentical way, aY FORCE of -80 can be applied to all elements contained inlo_front.
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Figure 11-32 Weak Wind Load

Point Loads

The cables are suspended from the arms of the tower and are smulated as point |oads
hanging from each tip of the arm. A load of -500 in this direction is applied to each of the
six arm extremities. The boundary conditions menu allows you to enter these point loads
through the POINT LOADS option. The already familiar pop-up appears over the graphics
area. Enter the values in the appropriate fields.

Use the mouse to pick the nodes that are to receive aload. Enter the end of list character (#)
after you have picked the 6 nodes.
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MAIN
BOUNDARY CONDITIONS
MECHANICAL
NEW
NAME
cabl e | oad
POINT LOAD
Z FORCE
-500
OK
nodes ADD
(pick the 6 nodes on the tip of the arms)
END LIST (#)
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ww  |aa R
|
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Figure 11-33 Cable Loads
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Step 6

Geometric Properties

Thefiniteelement analysis program requiresyou to specify the properties such asthe material
typeand areaof themembers. Usethe GEOM ETRIC PROPERT I ES processor to enter the
area. So far, you have already separated the L3x3 angles from the L2x2 angles and can refer
to them by set name. The L3x3 angles have an area of 0.01 while the L2x2 angles have an
areaof 0.00651. The moments of inertiaabout the x and y axis are equal and must be entered
here. Thedataislisted under Element Propertieson page 11-3 of thischapter. However, beam
elements require some additional geometric data defining the direction of the local x and y
axis. Thisdata can a so be entered through the GEOM ETRIC PROPERTI ES processor.

Thelocal x andy axisof all elements not exactly pointing in z-direction can be defined using
areference vector (0, 0, 1). For al elements pointing in z-direction we will use areference
vector (1, 0, 0), although the reality may be more complex. This requires the definition of a

set of elements called “upright” that contains all elements pointing in z-direction. As
demonstrated previously, the user can make the sets base, mid-sect-lo, mid-sect-hi, he:
arms visible one after the other, select the upright elements and add those to the storec
There is a total of 44 such elements to be found. (8 in base, 24 in head and 12 in arm).

MAIN
MESH GENERATION
PLOT
draw NODES (off)
RETURN
SELECT
SELECT SET
base
MAKE VISIBLE
FILL
elements STORE
upri ght
(pick the 8 elements pointing in z-direction)
END LIST (#)
SELECT SET
head
(etc., etc.)

After having selected all 44 elements, make all elements visible again.
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MAIN
GEOMETRIC PROPERTIES
3-D
NEW
NAME
L3x3_z
ELASTIC BEAM
AREA
0.01
6. 0e- 05 (for 1xx)
6. 0e- 05 (for lyy)
0 (for direction)
0 (for direction)
1 (for direction)
OK
SELECT
SELECT SET
L3x3
OK
select mode AND (to switch to EXCEPT)
SELECT SET
upri ght
OK
RETURN
elements ADD
all: SELECT.
ID GEOMETRIES (on)

11-56 Mentat User’s Guide



w 1 1 Transmission Tower Detailed Session Description

MAIN
GEOMETRIC PROPERTIES
3-D
NEW
NAME
L3x3_Xx
ELASTIC BEAM
AREA
0.01
6. Oe- 05 (for Ixx)
6. Oe- 05 (for lyy)
1 (for direction)
0 (for direction)
0 (for direction)
OK

SELECT
CLEAR SELECT
RESET
SELECT SET
upri ght
OK
select mode AND (to switch to EXCEPT)
SELECT SET
L2x2
OK
RETURN
elements ADD
all: SELECT.
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Figure 11-34 Geometric Properties Assignment for L3x3 Angles
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MAIN
GEOMETRIC PROPERTIES
3-D
NEW
NAME
L2x2_z
ELASTIC BEAM
AREA
0. 00651
2. 0e-05
2. 0e-05
0
0
1
OK
SELECT
CLEAR SELECT
RESET
SELECT SET
L2x2
OK
select mode AND
SELECT SET
upri ght
OK
RETURN
elements ADD
all: SELECT.

(for Ixx)

(for lyy)
(for direction)

(for direction)
(for direction)

(to switch to EXCEPT)
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MAIN

GEOMETRIC PROPERTIES

3-D
NEW
NAME
L2x2_X
ELASTIC BEAM
AREA
0. 00651
2. 0e-05
2. 0e-05
1
0
0
OK
SELECT
CLEAR SELECT
RESET
SELECT SET
upri ght
OK
select mode AND
SELECT SET
L3x3
OK
RETURN
elements ADD
all: SELECT.
SELECT
CLEAR SELECT
RESET

11-60 Mentat User’s Guide

(for 1xx)
(for lyy)
(for direction)
(for direction)
(for direction)

(to switch to EXCEPT)



w 1 1 Transmission Tower Detailed Session Description

| s 35
[T
| gasee | e |nE | i

e

T
4

E
S
- e
e
N WS = T T

TECHE TR FROFERTY FEFE
muss
CARLE

o Fah i R AR
TR HAL B0
FLBTN ¥
o L [
EHEE, FRHEL
FHELL rieg
L
SO FRELAT
A LA AR i [
S5 CEmAFTATE

e -
b

ERAM SECTHORS | TAdIES ]

kel P ATTHG DG I 4 L 4

i GO TRES |
e ILT . f

=< -
|E1Ec |
ALTLRH g D0 | B D |FIL | NESLTAEN | TR | T | T | R

| UILE | US| FLOT | AEW T o Ui | e | v | e | R

uen
EFmED

z|z
8"

Figure 11-35 Geometric Properties Assignment for L2x2 Angles

Material Properties

The last step isto assign material properties. The members of this tower are made out of
stedl. For this analysis, you need to specify the Young’s Modulus and Poisson’s Ratio and
mass density, all located in tRATERIAL PROPERTIES menu. Assign this material to all
existing elements.
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MAIN
MATERIAL PROPERTIES
NEW
NAME
st eel
ISOTROPIC
YOUNG'S MODULUS
4.176e9
0.3 (for Poisson’s Ratio)
15. 217 (for mass density)
OK
elements ADD
all: EXIST.
ID MATERIALS (on)
ID MATERIALS (off)
L TERLE] FHOFER RS
Sl el
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Figure 11-36 Material Properties Assignment
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Step 7

Job Submission of the Static Analysis

Finally, you submit the job. Thisis easily done in the JOBS menu. SUBMIT submits the job
in the background. The status of the job can be checked or monitored continuously. Once
you have successfully submitted the job, you must carefully analyze the results.

MAIN
JOBS
NEW
NAME
static
MECHANICAL
INITIAL LOADS (default: all loads selected)
OK
OK
ELEMENT TYPES
mechanical elements 3-D TRUSS/BEAM
52 (LINE(2), THIN ELASTIC BEAM)
OK
all: EXIST.
RETURN
CHECK
SAVE
RUN
SUBMIT 1
MONITOR

Static Analysis Results Processing

The static analysis considers the wind load, gravitational load, and point loads. The structure
will undergo a bending out of the x-z plane as aresult of the wind load. Figure 11-37 shows
the results. We switched on the automatic defor mation scaling option resulting in an
exaggerated display of the displacements.
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MAIN
RESULTS
OPEN DEFAULT
VIEW
show 3
RETURN
DEF & ORIG
NEXT INC
deformed shape SETTINGS
AUTOMATIC
FILL
b L 9
L o
3
S LT S WY - i
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Figure 11-37 Deformation of Tower under Combined Load
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Step 9

Job Submission of the Modal Analysis

To run the modal analysis, it is necessary to restore the model file. After anew, dynamic,
loadcase has been defined, anew job is created and submitted.

MAIN
RESULTS
CLOSE
deformed shape OFF
RETURN
FILES
RESTORE
RETURN
LOADCASE
NEW
NAME
dynani c
DYNAMIC MODAL
# MODES
15
OK
RETURN
JOBS
NEW
NAME
dynam ¢
MECHANICAL
loadcases SELECT
dynamic
OK
CHECK
SAVE
RUN
SUBMIT 1
MONITOR
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Step 10

Modal Analysis Results Processing

Open theresultsfile by clicking the RESULTS button from the main menu, followed by the
OPEN DEFAULT button. The modal shapes are stored in subincrements and can be accessed
through the NEXT INC button. Asis demonstrated in previous chapters, it is useful to
animate the different modal shapes. Figure 11-38 and Figure 11-39 display examples of

mode shapes found during this analysis.

The postprocessing can be carried out as follows:

MAIN

RESULTS

OPEN DEFAULT
VIEW
show 4
RETURN
DEF & ORIG
NEXT INC
NEXT INC

deformed shape SETTINGS

AUTOMATIC
FILL
RETURN
DEF ONLY
MORE
animate MODE
15
ANIMATION
FILL
REPEAT
PLAY
STOP
SHOW MODEL
RETURN
PREVIOUS
SKIP TO INC
0:15
DEF & ORIG
FILL
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Figure 11-38 Eigenmode of Tower, f = 5.366 Hz
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Figure 11-39 Eigenmode of Tower, f = 20.64 Hz
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Conclusion

This structure is an example where automatic mesh generators cannot be utilized to create
afinite element model. It is demonstrated in this chapter that by using the 'conventional’
toolsavailablein Mentat, afairly complicated mesh can be generated without any difficulty.

The displacements, as aresult of aload in negativey direction, shown in Figure 11-37 are
as expected. Theresults of the modal analysis can be fully appreciated by animation of the
different modes.
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Procedure File

| Version : Mentat 3.3
*alias action
*exec_p gen_i nage. proc
*action | figure 11.0 - dunmy
*action | figure 11.1 - dummy
*action | figure 11.2 - dummy
|@0|0()
| step 1
I
@ush( neshgen)
@ush(coord_systen)
*grid_u_domai n
-10 10
*grid_u_spacing
1
*grid_v_domain
-10 10
*grid_v_spacing
1
*set _grid on
*systemrotate
90 0 O
*system transl ate
090
@ush(vi ewi ng_screen)
*show vi ew 2
*fill _view
@ush( pl ot _screen)
*set node_| abel s on
*set _el ement _| abel s on
@op(1)
@op(1)
@op(1)
@ush( el ement _cl ass)
*set _el ement _cl ass |ine2
@op(1)
*add_el enent s
node( -9.000000000000e+00, 0.000000000000e+00,
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0. 000000000000e+00)
node( -9.000000000000e+00, 1.000000000000e+01,
0. 000000000000e+00)
node( 0.000000000000e+00, 1.000000000000e+01,
0. 000000000000e+00)

1

2

3
*action | figure 11.3
@ush(subdi vi de)
*subdi vi de_el enent s

1

2
# | End of List
@op(1)
*add_el enent s

5

8

8

6
*action | figure 11.4
@ush(coord_system
*grid_u_domain

-20 20

*grid_v_domai n

-20 20
*grid_u_spacing

2

*grid_v_spacing

2

*systemtransl ate

0 -7 50
@ush(vi ewi ng_screen)
*show vi ew 4

*fill _view

*vi ew_per spective
*show_al | _vi ews

*fill _view

@op(1)

*action | figure 11.5
@ush(vi ewi ng_screen)
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*show vi ew 2
@op(1)
@op(1)

*add_el enent s

node( -2.000000000000e+00, 0.000000000000e+00,

0. 000000000000e+00)

node( -2.000000000000e+00, 1.800000000000e+01,

16)

@ush(subdi vi de)

*sub_di vi si ons

6 2 2

*subdi vi de_el enent s
10

# | End of List

*action | figure 11.6
@op(1)
@vush(coord_systen)

*system al i gn

0 9 10

-9 9 10

-2 250

*grid_u_spacing

1

*grid_v_spacing

1

*grid_u_domai n

-50 50

*grid_v_domain

-50 50
@ush(vi ewi ng_screen)

*show_vi ew 3

@op(1)

*action | figure 11.7

*action | figure 11.8 - dummy
@ush(vi ewi ng_screen)

*show vi ew 2

@op(1)

@op(1)

*add_nodes

0 130

*add_el enents
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6

12
@ush(subdi vi de)
*sub_bias_factors

-.200
*sub_di vi si ons
211
*subdi vi de_el enent s
17
#
*sub_di vi si ons
511
*sub_bias_factors
.200
*subdi vi de_el enent s
19

# | End of List
*sub_di vi si ons

411

*sub_bias _factors

000

*subdi vi de_el enent s
18

# | End of List
*action | figure 11.9
@op(1)

*add_el enent s

33

19

19

29

@ush(subdi vi de)
*sub_di vi si ons
311
*subdi vi de_el enent s
30

#

@op(1)

*add_el enent s

34

32
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32

35

35

31

31

36

36

30
@ush(pl ot _screen)
*set _el ement _| abel s off
*regenerate
@op(1)

*action | figure 11.10
|

| step 2

I

@ush(symretry)
*synmetry_el enents
al | _existing
*action | figure 11.11
@op(1)

*add_el enent s

33

64

64

24

24

56

56

26

26

58

58

28

28

47

47

14

14

49

49
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16
16
51
51
18
18
52
52
17
17
50
50
15
15
48
48
13
13
59
59
27
27
57
57
25
25
55
55
33
@ush( pl ot _screen)
*set node_| abel s off
*regenerate

@op(1)
*action | figure 11.12
@ush(sweep)

*sweep_nodes

al | _existing
@op(1)
@ush(coord_system
*system reset

*set _grid off
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@op(1)
@ush(duplicate)
*set _duplicate_rotations

0 0 90
*set _duplicate_repetitions
3

*duplicate_el enents
all _existing
@ush(vi ewi ng_screen)
*show_ al | _vi ews

*fill _view

@op(1)

*action | figure 11.13
*action | figure 11.14 - dunmy
@op(1)

@ush(sweep)
*sweep_nhodes

al | _existing

*sweep_el ement s

al | _existing

@op(1)
@ush(vi ewi ng_screen)
*show vi ew 2

@op(1)
@ush(sel ect _screen)

| create a set of elements contained in the base of the structure

I
*show vi ew 2
*store_el ements

base

3456789 39 40 41 42 43 44 45 94 95 96 97 98 100 101 103 104
105 106 107

108 109 110 111 112 113 114 187 188 189 196 197 198 199 200 201 202
203 204 205

206 207
# | End of List

I

| create a set of elenments contained in the | ower m d-section of the
structure
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*pi ck_inside partial
*store_el enents

md_sect _|lo

25 26 27 28 29 31 32 33 34 35 36 37 38 57 58 59 60 61 62 63 64 65
66 67 68 69

148 149 151 152 154 155 157 158 160 161 162 163 164 165 166 167 168
169 170 171

172 173 174 175 176 177 178 179 180 181 182 183 184 185 186 253 254
255 256 257

258 259 260 261 262 263 264 265 266 267 268 269 270 271 272 273 274
275 276 277

278 279
# | End of List

I

| create a set of el ements contained in the higher md-section of the
structure

I
*pi ck_i nside_conpl ete
*store_el enents

m d_sect hi

20 21 22 23 24 52 53 54 55 56 70 71 72 73 74 75 89 90 91 92 93 133
134 136 137

139 140 142 143 145 146 280 281 282 283 284 285 286 287 288 289 290
291 292 293

294 295 296 297 337 338 339 340 341 342 343 344 345 346 347 348 349
350 351
# | End of List

I

| create a set of elenments contained in the head of the structure

I
*store_el ements

head

11 12 13 14 15 16 46 47 48 49 50 51 76 77 78 79 80 81 82 83 84 85
86 87 88 115

116 118 119 121 122 124 125 127 128 130 131 298 299 300 301 302 303
304 305 306

307 308 309 310 311 312 313 314 315 316 317 318 319 320 321 322 323
324 325 326

327 328 329 330 331 332 333 334 335 336
# | End of List
*identify_sets *regen
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*action | figure 11.15
*identify_none *regen
@ush(pl ot _screen)
*set _node_| abel s on
@op(1)

*sel ect _sets
@opup(sel ect _set popmrmenu)
@ist(select_set list,0)
base
@opdown(sel ect _set _popnenu)
*vi si bl e_sel ect ed
@ush(vi ewi ng_screen)
*show_vi ew 4

*fill _view

@op(1)

@op(1)

*action | figure 11.16
@ush(vi ewi ng_screen)
*activate_view 1
*activate_view 2
*activate view 3
*deactivate view 3
*deactivate_view 2
*deactivate_view 1
*rot _nodel _cspace_z_rev
@op(1)

*add_el enent s

146 8

80

147

81

148

82

44

74

3

3

76

76

75

75
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74

3

75

74

76
@ush(sel ect _screen)
*store_el enents
base

all _visible
*sel ect _sets
@opup(sel ect _set _popnenu)
@ist(select_set list,0)
md_sect_lo
@opdown(sel ect _set _popnenu)
*vi si bl e_sel ect ed
*fill _view

@op(1)

*action | figure 11.17
*add_el enent s

134

198

197

36

67

136

135

199

194

35

131

195

132

196

133

66

104

19

19

106

106

105
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105

104

104

106

19

105
@ush(sel ect _screen)
*store_elenents
md_sect _|o

all _visible
*sel ect _sets
@opup(sel ect _set _popnenu)
@ist(select_set list,0)
head
@opdown(sel ect _set _popnenu)
*vi si bl e_sel ect ed

*fill _view
@ush(vi ewi ng_screen)
@ush(man_nodel _scr een)
*rot _nodel _nmspace_z_rev
*rot _nodel _nspace_z_rev
*rot _nodel _nepace_z_rev
*rot _nodel _nepace_z_rev
*rot _nodel _nspace_z_rev
*rot _nodel _nmspace_z_rev
*rot _nodel _nspace_z_rev
@op(1)

@op(1)

@op(1)

*add_nodes

-8 0 63

*action | figure 11.18
*add_el enent s

200

101

200

17

200

86

200

11
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@ush(subdi vi de)
*sub_di vi si ons

21

*subdi vi de_el enent s

378
379
377
376

1

#
@op(1)

*action |
*add_el enent s

202
208
211
205
202
209
211
206
202

@ush(vi ewi ng_screen)
*show vi ew 2
*fill _view

208
211
205
202
209
211
206
202
211

@op(1)
@op()

@ush(device)
*pi ck_inside_partial

@op(1)

@ush( neshgen)
@ush(sel ect _screen)
*action | figure 11.20

*store_el enents

arm

figure 11.19

380 381 382 383 384 385 386 387 388 389 390 391 392 393 394 395 396

#

End of Li st

@op(1)
@op(1)

@ush(devi ce)
*pi ck_i nside_conpl ete

@op(1)
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@ush( meshgen)

|

| step 4

I
@vush(duplicate)
*dupl i cate_reset

*set _duplicate rotations

0 0 180

*set _duplicate_repetitions
1

*duplicate_el enents

arm

#

*fill _view

*duplicate_reset

*set _duplicate_transl ations

00 -6

*set _duplicate_repetitions

2

*duplicate_el enents

arm
@op(1)

@ush(sweep)
*sweep_nodes
al | _existing

@op(1)

@ush(sel ect _screen)

*sel ect _el enments
all _existing

*vi si bl e_sel ected

*fill _view

@ush(pl ot _screen)
*set _node_| abel s of f
@ush(pl ot 1l _screen)
@ush(identify_screen)

*identify_sets
*regenerate

*action | figure 11.21

*identify_none
@op(1)
@op(1)
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@op(1)
@op(1)
|@OD( 1)
| step 5
|
@ush(appl y)
@ush(appl y_nechani cal)
*appl y_nane
bol ts
@ush(sel ect _screen)
*sel ect _sets
@opup(sel ect _set _popnenu)
@ist(select_set _list,0)
base
@opdown(sel ect _set _popnenu)
*invisible_sel ected
*undo
*sel ect _sets
@opup(sel ect _set _popnenu)
@ist(select_set list,0)
base
@opdown( sel ect _set _poprenu)
*vi sible_sel ected
*fill _view
@op(1)
*apply_type fixed_di spl acenent
@et ($user subf v, FORCDT)
@opup(fixed disp_pm
*appl y_dof x
*apply_dof vy
*appl y_dof z
@opdown(fixed disp_pm
*add_appl y_nodes

1 40 68 69
# | End of List
@ush(vi ewi ng_screen)
*show vi ew 4
*reset _view
*fill _view

@op(1)
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*action | figure 11.22

first select fromset base then mid_sect |lo, nmid_sect_hi,

|
| Select all elements that will be heavy L3x3 profiles
I
| head and arns.

@ush(sel ect _screen)
*store_elenents
L3x3
201
198
105
108
43
42
6
7
199
196
103
106
200
197
104
107
40
41
4
5
97
100
98
101
189
95
188
94
187
3
39
96
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# | End of List
*sel ect _sets
md_sect _|lo
*vi si bl e_sel ect ed
*fill _view
*store_elenents
L3x3

264

261

258

165

168

171

64

63

62

31

32

33

262

259

256

163

166

169

263

260

257

164

167

170

149

152

155

158

148

151

154

157

60

59
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58

57

25

26

27

28
# | End of List
*sel ect _sets

m d_sect _hi
*vi si bl e_sel ect ed
*fill _view
*store_el enents
L3x3

134

137

140

143

146

24

23

22

21

20

70

282

281

280

52 53 54 55 56 133 136 139 142 145
# | End of List
*sel ect _sets

head
*vi sible_sel ected
*Fill _view
*store_el enents
L3x3

116 119 122 125 128 131
46 47 48 49 50 51 115 118 121 124 127 130

11 12 13 14 15 16
# | End of List
*sel ect _sets

arm
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*vi sible_sel ected

*store_el enents

L3x3
404
403
399
401
397
398
402
400
448
456
460
452
461
453
457
449
451
459
455
463
450
458
462
454
419
415
427
423
421
417
429
425
420
418
414
426
422
424
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416
428
383
381
387
385
384
386
380
382
82
316
317
318
# | End of List
*sel ect _sets

L3x3
*vi si bl e_sel ected
*fill _view

*action | figure 11.23
*sel ect _cl ear

*sel ect _el ements
all _existing

*vi sible_sel ected
*fill _view

*sel ect _el enents
all _existing

*sel ect _node_except
L3x3

I

| Al other elements will be L2x2 profiles
I

*store_el enents

L2x2

all _sel ected
*sel ect _cl ear
*sel ect _reset
*identify_sets

*regen

*action | figure 11.24
*identify_none
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*regen

@op(1)

*new_apply

*appl y_nane

gravity

*apply _type gravity | oad
@opup(apply_gravity | oad_popmnenu)
*apply_val ue z

-32.2
@opdown(apply_gravity_ | oad_popnenu)
*add_appl y_el enent s

all _existing

*action | figure 11.25
@ush(vi ewi ng_screen)
*show_vi ew 1

*fill _view

@op(1)

@ush(sel ect _screen)
*sel ect _sets
@opup(sel ect _set _popnenu)
@ist(select_set list,0)
base
@opdown( sel ect _set _poprenu)
*vi sible_sel ected

*action | figure 11.26
*store_el ements

| o_front

34567 89 39 40 41 42 43 44 45
#

*sel ect _sets
@opup(sel ect _set _popnenu)
@ist(select_set list,0)
md_sect _lo
@opdown(sel ect _set poprenu)
*vi si bl e_sel ected

*action | figure 11.27
*store_el ements

| o_front

25 26 27 28 29 31 32 33 34 35 36 37 38 57 58 59 60 61 62 63 64 65 66
67 68 69

#
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*sel ect _sets
@opup(sel ect _set popmrmenu)
@ist(select_set l|ist,0)

m d_sect _hi
@opdown(sel ect _set _popnenu)
*vi sible_sel ected

*action | figure 11.28
*store_elenents

hi _front
20 21 22 23 24 52 53 54 55 56 70 71 72 73 74 75 89 90 91 92 93
#

*sel ect _sets

@opup(sel ect _set _popnenu)

@ist(select_set _list,0)

head

@opdown(sel ect _set _popnenu)
*vi si bl e_sel ect ed
*action | figure 11.29
*store_el ements

hi _front

11 12 13 14 15 16 46 47 48 49 50 51 76 77 78 79 80 81 82 83 84 85
86 87 88
# | End of List
*sel ect _sets

@opup(sel ect _set _popnenu)

@ist(select_set list,0)

arm

@opdown(sel ect _set poprenu)
*vi sible_sel ected
*action | figure 11.30
*store_el ements

hi _front

382 383 386 387 390 394 397 398 401 402 405 409 418 419 420 421 426
427 428 429 434 435 442 443 448 449 450 451 456 457 458 459 464
465 472 473
# | End of List

*sel ect _cl ear

*sel ect _el ements

all _existing

*visible_sel ected

@ush(vi ewi ng_screen)
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*show vi ew 4
@op(1)
@op(1)
*new_apply
*appl y_nane
hi _wi nd
*apply_type gl obal | oad
et ($user subf v, FORCEM
@opup(appl y_gl obal _| oad_popnenu)
*apply_val ue y
-120
@opdown( appl y_gl obal _I oad_popnenu)
*add_appl y_el enent s
hi _front
*action | figure 11.31
*new_apply
*appl y_nane
| o_wind
*appl y_type gl obal _I oad
@ et ($user subf v, FORCEM
@opup(appl y_gl obal | oad_popnenu)
*apply_value y
-80

@opdown( appl y_gl obal _I oad_popnenu)
*add_appl y_el enent s

| o_front
*action | figure 11.32
*new_apply
*appl y_nane
cabl e_| oad
*appl y_type point_| oad

@ et ($user subf v, FORCDT)
@opup(appl y_poi nt _| oad_popnenu)
*apply_val ue z

- 500
@opdown( appl y_poi nt _| oad_poprenu)
*add_appl y_nodes

213

249

250

226

Mentat User's Guide  11-91



w 1 1 Transmission Tower Procedure File

225

200
# | End of List
*action | figure 11.33
@op(1)

@op(1)

@ush( pl ot _screen)
*set _nodes off

@op(1)

| step 6

I

@ush(geom props)
@ush(geometry_nech_t hr ee)
@ush(sel ect _screen)
*sel ect _sets
@opup(sel ect _set _popnenu)
@ist(select_set |ist,0)
base
@opdown(sel ect _set _popnenu)
*vi si bl e_sel ected
*fill _view
*store_el enents

upri ght
97 100
98 101
40 41
45
#
*sel ect _sets
@opup(sel ect _set _popnenu)
@ist(select_set list,0)
head
@opdown(sel ect _set _poprenu)
*vi sible_sel ected

*fill _view
*store_el ements
upri ght

116 119 122 125 128 131
46 47 48 49 50 51
11 12 13 14 15 16
115 118 121 124 127 130
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# | End of List
*sel ect _sets
@opup(sel ect _set _popnenu)
@ist(select_set l|ist,0)
arm
@opdown(sel ect _set popmenu)
*vi si bl e_sel ected
*store_elenents

upri ght

407

405

468

464

469

465

431

430

388

390

434

435

#

*sel ect _cl ear
*sel ect _reset

*sel ect _el enents

al | _existing

*vi sible_sel ected

*Fill _view

@op(1)

*new_geonetry
*geonetry_nane

L3x3_z

*geonetry _type nmech_three_beam el a
@opup(geom el _beam pm
*geonetry_val ue area
0.01

6. 0e-5

6. 0e-5

0

0

1

Mentat User's Guide  11-93



w 1 1 Transmission Tower Procedure File

@opdown(geom el _beam pm
@ush(sel ect _screen)
*sel ect _sets
@opup(sel ect _set _popnenu)
@ist(select_set l|ist,0)
L3x3
@opdown(sel ect _set popmenu)
@ush(sel ect _net hod_screen)
@op(1)
@ush(sel ect _node_scr een)
*sel ect _node_except

@op(1)

*sel ect _sets
@opup(sel ect _set _popnenu)
@ist(select_set l|ist,0)
@ist(select_set list,1)
upri ght
@opdown(sel ect _set _popnenu)
@op(1)
*add_geonetry_el ement s

all _sel ected
*identify_geometries *regen
*new _geonetry
*geonetry_nane

L3x3_x

*geonetry_type mech_three_beam el a
@opup(geom el _beam pm
*geonetry_val ue area

.01

6. 0e-5

6. 0e-5

1

0
0

@opdown(geom el _beam pm
@ush(sel ect _screen)
*sel ect _cl ear
*sel ect _reset

*sel ect _sets
@opup(sel ect _set _popnenu)
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@ist(select_set list,1)
upri ght
@opdown(sel ect _set _popnenu)
@ush(sel ect _node_scr een)
*sel ect _node_except

@op(1)

*sel ect _sets
@opup(sel ect _set popmrmenu)
@ist(select_set list,1)
L2x2
@opdown(sel ect _set _popnenu)
@op(1)
*add_geonetry_el ement s

all _sel ected

*action | figure 11.34
*new_geonetry
*geonetry_nane

L2x2 z

*geonetry_type mech_three_beam el a
@opup(geom el _beam pm
*geonetry_val ue area

0. 00651
2e-5
2e-5

0

0

1

@opdown(geom el _beam pm
@ush(sel ect _screen)
*sel ect _cl ear
*sel ect _reset

*sel ect _sets
@opup(sel ect _set _poprenu)
@ist(select_set list,1)
L2x2
@opdown(sel ect _set _popnenu)
*sel ect _node_except
*sel ect _sets
@opup(sel ect _set _poprenu)
@ist(select_set list,1)
upri ght

Mentat User's Guide  11-95



w 1 1 Transmission Tower Procedure File

@opdown(sel ect _set popmrmenu)
@op(1)

*add_geonetry_el enents

all _sel ected
*new_geonetry
*geonetry_name

L2x2_x

*geonetry type nmech_three _beam el a
@opup(geom el _beam pm
*geonetry_val ue area

0. 00651

2.0e-5

2.0e-5

1

0

0
@opdown(geom el _beam pm
@ush(sel ect _screen)
*sel ect _cl ear
*sel ect _reset

*sel ect _sets
@opup(sel ect _set _poprenu)
@ist(select_set list,1)
upri ght
@opdown(sel ect _set _popnenu)
*sel ect _node_except
*sel ect _sets
@opup(sel ect _set _poprenu)
@ist(select_set list,1)
L3x3
@opdown(sel ect _set _popnenu)
@op(1)

*add_geonetry_el enents

all _sel ected
@ush(sel ect _screen)
*sel ect _cl ear
*sel ect _reset

@op(1)

*action | figure 11.35
@op(1)

@op(1)
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@ush(mat _props)

*mat eri al _nane

st eel

*materi al _type mechanical :isotropic
@opup(mat _i sotropic)

*mat eri al _val ue isotropic: youngs_nodul us
4.176e€9

0.3

*material _val ue isotropic: mss_density
15. 217

@opdown( mat _i sot ropi c)
*add_material el enents

all _existing

*identify_materials *regen

*action | figure 11.36
*identify_none *regen

|@»op( 1)

| step 7

|

@ush(j obs)

*j ob_cl ass mechani cal

@opup(j ob_mechani cal )
@ist(job_remlcase_list,0)
@ist(job_add_Icase_list,0)
@opdown(j ob_nechani cal )

*j ob_nane

static

*j ob_cl ass nechani cal

@opup(j ob_mechani cal)
@ist(job_remlcase_list,0)
@ist(job_add_Icase_list,0)
@opdown(j ob_nechani cal)
@ush(el emrent _types)

@opup(el type_truss_beam 3d_pm

*el enent _type 52

@opdown(el type_truss_beam 3d_pm
all _existing

@op(1)

@ush(fil e_screen)

@et ($fil e_browser _| abel , SAVE AS FI LE)
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@et ($fil e_browser _conmand, *save_as_nodel )
@opup(save_fil e _browser popnenu)
@ist(save file_browser filelist,O0)
@ist(save file browser _dirlist,0)
*save_as_nodel cl1.nud yes
@opdown(save fil e browser_ popnenu)
@op(1)

*updat e_j ob

@opup(j ob_run_popmnenu)
*submit_job 1

*noni tor _job

@opdown(j ob_run_popmnenu)

@ op()

@ush(results)

*post _open_def aul t
@ush(vi ewi ng_screen)

*show_vi ew 3

*Fill _view

@op(1)

*set deformed both

*post _next

@ush(def ornmed_settings)

*set _aut omag on

*action | figure 11.37

@op(1)

*fill _view

I

| step 9

I

*post _cl ose

@op(1)

@ush(| oadcase)

*new_| oadcase

*| oadcase_nane

dynani c

@ush( | case_nechani cal )

*| oadcase_t ype dynani c_nodal
@opup(l case_dynam c_nodal )

*| oadcase_val ue nnodes

15

@opdown(| case_dynam c_nodal )
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@op(1)

@op(1)

@ush(j obs)

*new_j ob

*j ob_nane

dynam ¢

*j ob_cl ass nechani cal
@opup(j ob_nechani cal)
@ist(job_remlcase_list,0)
@ist(job_add I case_l|ist,0)
*add_j ob_| oadcases dynanic
@opdown(j ob_nechani cal)
*update_j ob

@opup(j ob_run_popnenu)
*submit_job 1
*noni tor _job

@opdown(j ob_run_popnmenu)
|@>0|0( 1)

| step 10

I

@ush(results)

*post _open_defaul t
@ush(vi ewi ng_screen)
*show_vi ew 4

@op(1)

*set _defornmed both

*post _next

*post _next

@ush(def ornmed_settings)
*set _aut omag on

@op(1)

@ush(results2)
*post _ani nmat e_node

15
@ush(ani mati on_scr een)
*ani mati on_pl ay
@ush(vi ewi ng_screen)

*fill _view
*show vi ew 4
*fill _view
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@op(1)

*ani mati on_pl ay

*action | figure 11.38

*show_nodel
@op(1)
@op(1)

*post _skip_to
0:15

*action | figure 11.39
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Importing a Model

Chapter Overview

This chapter describes the process of importing ageometric or finite element model from a
supported CAD or FEM program. The processisillustrated through a sample session that
involves importing and meshing a geometric model specified in IGES format.
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Background Information

Description

The structure you are importing is a seal made out of rubber that will undergo large
deformations caused by coming into contact with other parts. The structure is modeled
using a boundary representation of straight lines and curves.

After reading the IGES file, you will select a portion of the model and transform it into a
finite element mesh. This processis described in the steps listed bel ow.

The IGES file will be found in the Mentat installation directory, in the subdirectory
examples/userguide and is named c12.igs.
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Detailed Session Description

Step 1

Assumeyou are already in Mentat and in the directory where thefile you wish to import is
located.

Use the following button sequence to read the IGESfile. Click on the FILL button located
in the static menu area to scale the model to fill the graphics area. The scaled model that
appears in the graphics areais shown in Figure 12-1.

MAIN
FILES
IMPORT
IGES
cl2.igs (Select file)
OK
FILL

Step 2

Prior to manipulating the model in any way, you are advised to eliminate all duplicate

pointsand curves using the SW EEP processor. Usethefollowing button sequence to sweep
the model of all duplicate entities.

MAIN
MESH GENERATION
SWEEP
sweep POINTS
all: EXIST.
sweep CURVES
all: EXIST.

Mentat responds by sweeping all duplicate points and curves, respectively.
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Figure 12-1 Scaled Model of Imported IGES File

To improve the quality of the display, change the default plot settings to a higher accuracy.

MAIN
MESH GENERATION
PLOT
MORE
DIVISIONS
HIGH
RETURN
RETURN
RETURN
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Step 3

Assume you only need to mesh thelower part of themodel shownin Figure 12-1. Itisuseful
to store the upper and lower parts of the model in two separate sets as it makes it much
easier to reference when working with only part of themodel. An optionin Mentat that aids
you in focusing on the part of the model you want to mesh isthe VISIBLE option which is
used to hide extraneous information.

You are going to use the automatic overlay meshing feature which requires a closed
boundary description. The lower part of the geometry therefore needs an additional line
segment. Create thislinein the vicinity of thelower neck of the model using the following
button sequence.

MAIN
MESH GENERATION
ZOOM BOX
(Zoomin on the base of the neck)
crvs ADD (Use the default curve type)
235 (Pick point)
188 (Pick point)

Use the following button sequence to create the two sets. onefor the upper part of the modd,
the other for the lower part. Due to the awkward shape of the modd!, it is best to use the
polygon pick method (CTRL key + <ML >) described in List Specification of Chapter 2 to
select the members for each set.

MAIN
PLOT
draw POINTS (off)
REGEN
RETURN
FILL
SELECT
crvs STORE
upper part (The curve set name)
(Use the Polygon Pick Method to
select the curves)
END LIST (#)
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Figure 12-2 Curved Added at Base of Neck

Repeat this operation for the lower part of the model and savethe set as| ower part. A
suggestion for the contour of the polygon pick is depicted in Figure 12-3 and Figure 12-4.

To verify that you have created two sets, click on the sets SELECT SET button. A pop-up
menu appears over the graphics area listing the currently defined sets. Both lowerpart and
upperpart should be listed. Click on OK to return to the SELECT menu.

Mentat User’'s Guide



w 12 Importing a Model

Detailed Session Description

STCAE Ff
ATCAE

AwonE @

sTone |9

sTonr |

STCAE
WF*
archE @

srone [

SBGES | STORE Ff
FALER ATCHE

STOME R FATH STORLE ON LD
SEIECTERET | BEROWE RT

SELECT CORMACT B0 LHITTIES:
SFIECT BV

iy

mar

I

2|2
EE
HE

.
g!

Figure 12-3 Polygon Pick Contour for Upper Part

Step 4

To focus on the lower part of the structure, use the following button sequence to hide the

upper part of the model.

MAIN
MESH GENERATION
SELECT

SELECT SET
lowerpart
OK

MAKE VISIBLE

FILL
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Figure 12-4 Polygon Pick Contour for Lower Part

The upper part of the model is hidden and the |
isshown in Figure 12-5.

ower part scaled to fill the graphics areaas

A closer look at Figure 12-5 reveals there is an extra curve in the geometry that interferes
with the boundary description of the part. This curve must be removed before the automatic
meshing feature is invoked. The curveislocated in the inner part of the seal on the right
hand side of the model. Use the following button sequence to remove this curve.

MAIN
MESH GENERATION
crvs REM
180
END LIST (#)
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Figure 12-5 Lower Part of Model Scaled to Fill the Graphics Area

The model isready to be meshed using the 2D PLANAR MESHING from the AUTOM ESH
processor from the MESH GENERATION menu. First, the overlay mesher will be used. Due
to the intricate shape of the model, it is necessary to use a density of 70 elementsin both
theX and Y direction. A setting of lessthan 70 will cause holesto appear in the mesh. Make
sure you specify all: VISIBLE curvesfor theEnt er overlay curve |ist: prompt.
Use the following button sequence to mesh the model. Keep in mind that it will take the
program some time to generate the model due to the number of divisions specified.

MAIN
MESH GENERATION
AUTO MESH
2D PLANAR MESHING
quadrilaterals (overlay) DIVISIONS
70 70
quadrilaterals (overlay) QUAD MESH!
all: VISIBLE
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Figure 12-6 Lower Part of Model with Curve Removed

It is helpful to turn off some of the plot entities to produce a cleaner view of the mesh.

MAIN
PLOT

draw NODES (off)
draw ELEMENT FACES (off)
draw CURVES (off)
REGENERATE
RETURN
SAVE

Figure 12-7 shows the resulting mesh that should appear in the graphics area.
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Figure 12-7 Mesh Generated with OVERLAY Mesher

In order to demonstrate the use of the other 2D planar meshers, the element mesh will be
removed and the display of the curves and points will be activated.

MAIN
MESH GENERATION
AUTO MESH
2D PLANAR MESHING

CLEAR MESH

PLOT
draw POINTS (on)
draw CURVES (on)
REGENERATE
RETURN
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Since we have already assured that a closed loop exist for the curves, we do not have to enter
the REPAIR GEOMETRY menu in AUTOMESH. Instead we go to CURVE DIVISIONS directly.
Meshers other than the overlay mesher require a curve division. We first determine the

distance between the two parallel curves. Based on this distance, aproper curve division will
be set. Note that the Advancing Front QUAD mesher requires an even division on the loops.

MAIN
MESH GENERATION
AUTO MESH
CURVE DIVISIONS
UTILS
MORE
DISTANCE
(Click two points on the parallel curves)
RETURN
RETURN
AVG LENGTH
0.3
restriction FORCE EVEN DIV
apply restriction LOOPS
APPLY CURVE DIVISIONS
ALL VISIBLE
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Figure 12-9 Curve Divisions

The mesh based using the Advancing Front QUAD mesher is now obtained with:

MAIN
MESH GENERATION
AUTO MESH
2D PLANAR MESH
quadrilaterals (adv frnt) QUAD MESH!
ALL VISIBLE
PLOT
draw CURVES (off)
draw POINTS (off)
REGENERATE
RETURN
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Figure 12-10 Mesh Generated with Advancing Front QUAD Mesher

Clear the mesh and repeat the meshing with the Delaunay triangular mesher.

MAIN
MESH GENERATION
AUTO MESH
2D PLANAR MESHING

CLEAR MESH

PLOT
draw CURVES
REGENERATE
RETURN

triangles (delaunay) TRI MESH!

ALL VISIBLE

PLOT
draw CURVES
REGENERATE
RETURN
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Figure 12-11 Mesh Generated with a Delaunay Triangular Mesher

Clear the mesh and repeat the meshing with the Advancing Front triangular mesher.

MAIN
MESH GENERATION
AUTO MESH
2D PLANAR MESHING

CLEAR MESH

PLOT
draw CURVES
REGENERATE
RETURN

triangles (adv frnt) TRI MESH!

ALL VISIBLE

PLOT
draw CURVES
REGENERATE
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Figure 12-12 Mesh Generated with a Advancing Front Triangular Mesher
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Procedure File

| Version : Mentat 3.3

*alias action

*exec_p gen_i nage. proc

@op()

*action | figure 12.0 - dummy

| read iges file

I

@ush(fil e_screen)
@ush(i nmport _screen)

@et ($i ges_browser _| abel , | MPORT | GES)
@et ($i ges_browser _conmand, *i nport i ges)
@opup(read_i ges_browser _popnenu)
@ist(read_iges_browser filelist,0)
@ist(read_iges _browser _dirlist,0)
*inmport iges cl2.igs

@opdown(read_i ges_browser _popnenu)

*fill _view

@op(1)

*action | figure 12.1
@op(1)

| renmove duplicate points and curves
I

@ush( nmeshgen)
@ush(sweep)
*sweep_points

all _existing
*sweep_curves

al | _existing

@op(1)
@ush(sel ect _screen)
@ush(pl ot _screen)
@ush(plotl _screen)
@ush(di vi si ons_scr een)
*set _pl ot _divisions_high
*regenerate

@op(1)

@op(1)
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*zoom box
*zoom box(1, 0. 339587, 0. 651685, 0. 515947, 0. 768539)
@op(1)
@op(1)
*add_curves
235
188
*action | figure 12.2
@ush(pl ot _screen)
*set _points off
*regenerate
*Fill _view
@ush(sel ect _screen)
*store_curves
upper part
8 16 17 18 102 103 104 105 106 107 111 112 139 140 141 142 209 213
2 92 93
1345679 10 11 12 13 14 15 91 94 95 96 97 98 99 100 101 108 109
110 113
114 115 116 117 118 119 120 121 124 125 126 127 128 129 130 131 132
133 134 135
136 137 138
122 123
*action | figure 12.3
# | End of List
*fill _view
*store_curves
| ower part
19 20 29 30 41 52 78 85 87 88 153 156 158 174 175 203 211
210
21 22 23 24 25 26 27 28 31 32 33 34 35 36 37 38 39 40 42 43 44 45
46 47 48 49
50 51 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72
73 74 75 76
77 79 80 81 82 83 84 86 89 90 143 144 145 146 147 148 149 150 151
152 154 155
157 159 160 161 162 163 164 165 166 167 168 169 170 171 172 173 177
178 179 180
181 182 183 184 185 186 187 188 189 190 191 192 193 194 195 196 197
198 199 200
201 202 204 205 206 207 208 209 212 213
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176
# | End of List
*action | figure 12.4
*sel ect _sets
@opup(sel ect _set _popnenu)
@ist(select_set list,0)

| ower part
@opdown(sel ect _set popmrenu)
*vi si bl e_sel ect ed
*fill _view
*action | figure 12.5
*sel ect _curves
@op(1)
@op(1)
*renove_curves

180
# | End of List
*action | figure 12.6

| automatic overlay mesher
I

@ush(aut onesh)
@ush(repair_geonetry)
*check_curves

all _visible

*action | figure 12.7
@op(1)

@ush(aut onmesh_pl anar)
*set _overl ay_divisions
70 70

*over| ay_nesh

all _visible
@ush(pl ot _screen)
*set _nodes off

*set faces off

*set _curves off
*regenerate

@op(1)

*action | figure 12.8
@ush(fil e_screen)
@et ($fil e_browser _| abel , SAVE AS FI LE)
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@et ($fil e_browser _conmand, *save_as_nodel )
@opup(save_fil e _browser popnenu)
@ist(save file_browser filelist,O0)
@ist(save file browser _dirlist,0)
*save_as_nodel c¢l12.nud yes
@opdown(save fil e browser_ popnenu)
@op(1)
@op(1)
l@op( 1)
| other planar neshers
|
*cl ear _nesh
@ush( pl ot _screen)
*set _curves on
*set _points on
*regenerate
|@>0|0( 1)
| auto mesh menus
I
| | @ush(aut onmesh)
| @ush(repair_geonetry)
| *cl ean_2d_| oops
|all _visible
I @op(1)
| set curve divisions
I
@ush(curve_di vi si ons)
@ush(utility_screen)
@ush(utilityl screen)
*di st ance
-1.618117982359e+001 -1.010336052905e+001 0. 000000000000e+000
-1.619734125936e+001 -9.803796165359e+000 0. 000000000000e+000
*action | figure 12.9
@op(1)
@op(1)
*set _curve_div_type fix_ avgl *set curve_div_avg
.3
*set _curve_div_rest_evn
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@opup(curve_div_apply_pm
*set _curve_div_applyrest | ps
*action | figure 12.10
@opdown(curve_div_apply_pm
*appl y_curve_di vi si ons

all _visible

@op(1)

@ush(aut onesh_pl anar)

*af _pl anar _quadnesh

all _visible
@ush(pl ot _screen)

*set _curves off

*set _points off
*regenerate

@op(1)

*action | figure 12.11

*cl ear _nesh
@ush( pl ot _screen)

*set _curves on

*regenerate

I@JOlO( 1)

| delaunay triangul ar nesh
I

*dt _pl anar _trinesh

all _visible
@ush(pl ot _screen)

*set _curves off
*regenerate

@op(1)

*action | figure 12.12

*cl ear _nesh
@ush(pl ot _screen)

*set _curves on

*regenerate

I@JOlO( 1)

| advancing front triangular nesh
I

*af _planar_trinmesh

all _visible
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@ush(pl ot _screen)
*set _curves off
*regenerate

*set _curves on
*regenerate

@op(1)

*action | figure 12.13
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Punch

Chapter Overview

The sample session described in this chapter analyzes the process of punching. A tool with
arigid dimpleis pushed into acircular plate. The object of this processisto produce a
circular plate with spherical indentation. The goal of the static analysis described in this

chapter isto determine the residual stresses and plastic strains in the workpiece after the
operation.
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Background Information

Description

This problem demonstrates the preparation of a contact analysis involving multiple rigid
bodies (the tool) and a deformable body (the workpiece). The top of the tool is a sphere
blended in with aflat rigid plate. The workpiece is supported such that radial displacements
are constrained at the outer diameter while axial displacements are constrained at the node
positioned at the corner of the outer diameter and the backing plate. The bottom part of the
tool isaflat backing plate with ahole at the same location as the dimple of the top part of the
tool. The plate of the tool supports the entire workpiece, except for the region of the hole.

Idealization

13-2

Because of the axisymmetric nature of the geometry and the loading, this process can be
idealized to an axisymmetric model. The edge of the workpiece is clamped which prevents
rigid body motion of the workpiece. The backing plate that backs the workpiece is modeled
asarigid body and remainsin place during the analysis. The punch ismodeled asarigid body
and moves during the analysi stowards the stati ¢ backing plate, whileindenting the workpiece.

Thetool is stopped when the flat surfaces of both parts of the tool are in full contact with
the workpiece. This occurs when the total displacement of the punch is 0.1488 inches,
which isreached in 0.4 seconds. Hence, the velocity of the top part of the tool (i.e. punch)
is 0.372 inch per second. The friction between tool and workpiece is assumed to be
negligible and is therefore not taken into consideration in this analysis.
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Figure 13-1 Punch, Workpiece, and Backing Plate

Requirements for a Successful Analysis

The analysisis considered successful when the punch becomes flush with the workpiece

and is released afterwards to determine the residual stresses.

Full Disclosure

The workpiece is constructed out of steel with a Young's Modulus of 30.0e6 psi and a
Poisson’s Ratio of 0.3. It hasayield stress of 39,000 psi. The material exhibits work-
hardening. The workpiece has aradius of 0.7874 inches and a thickness of 0.117 inches.
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13-4

M
& mare
Punch
cbody1 ‘
cbody2 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
| !
cbody3 Radius 0.24 Radius 0.109
Angle 55 de: Angle 55 deg
none
Workpiece
Width = 0.7874 Inch
Height = 0.117

Rigid die or backing plate

Radius = 0.25 Inches

. Y
Center Line

Figure 13-2 Dimensions of Punch, Workpiece, and Backing Plate

The punch is a sphere of radius 0.24 with afillet of radius 0.109 that bringsit tangent to a
horizontal piece. It will move over atotal distance of 0.1488 inchesin aperiod of 0.4
seconds. The backing plate has a cylindrical hole of radius 0.25 inches into which the
workpieceis forced. Both punch and backing plate are considered to be rigid during the
analysis.
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Figure 13-3 The Workhardening Curve for the Workpiece Material
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Overview of Steps
Step 1 Create amodel of arectangular patch and convert it to finite elements.
Step 2 Create the curves required for the punch & backing plate.

Step 3 Apply the required fixed displacements to the rim of the workpiece.
Apply the material data.

Step 4 Identify the contact bodies and create the tabl e that defines the motion of therigid
die, representing the punch.

Step 5 Define the incremental steps and convergence testing parameters.
Step 6 Activate the large strain parameters and submit the job.

Step 7 Postprocess the results by displaying the deformed structure and the residual
stresses and strains.
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Detailed Session Description

Step 1

The approach used in this session to generate the model is the geometric meshing
technique.

Thefirst step isto create the workpiece. The recommended method isto create a point and
expand it to aline curve, followed by expanding this curve to a quad surface. Use the
following button sequence to create the first point.

MAIN
MESH GENERATION
pts ADD
0.24 0 0

Next, expand the point using atranglation of 0.117 inchesin the x-direction and then
expand the resulting curve using atrandation of 0.7874 in the y-direction. Use the
following button sequence to create the quad surface.

MAIN
MESH GENERATION
EXPAND
TRANSLATIONS
0.117 0 O
POINTS
all: EXIST.
TRANSLATIONS
0 0.7874 O
CURVES
all: EXIST.
FILL

The next step isto convert the geometric entities to finite elements. Thisis done using the
CONVERT processor. Five divisions will be used through the thickness and 20 along the
radius. Use the following button sequence to mesh the surface.
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MAIN
MESH GENERATION
CONVERT
DIVISIONS
5 20
SURFACES TO ELEMENTS
all: EXIST.
PLOT
draw SURFACES (on)
REGENERATE
RETURN
| coemanr P
et h F+ ++ -+ m
I
[ ] |l:| T
GO T AT 11111
LIRS TO PO LIRS 1 e Y |
AT I T T Rl AT
FURY el L 10 PO RTINS FEEET
SUAL AL LS TO IHIEAFOLATLD T TTT1
el TH YRR S H T TTT1
FUHHTA T HOEER F+ ++ +4
TINLE 10 ELEEE TS I |
SUAT IS O D ERTS
LI THTEORIE Y Ll
EDGES T CLBAES
FACES 10 SAracss koo
AR t -ttt
EDGLS T ELEMERTS | Ptk
FACES 10 ELEMEHTS | Ll ]
F+++ -4+
........ | N A * -
-=F|‘¢1 M e mrrm s sresesee e NN
SE IHH [reeT) NG | 2avE |'|;.u|.w_'u.|_ REEET bW | T I.I'i'r _'1.|-. [ Fime | Ay | mEs |$4,En.l [ muﬂ_n
[T ] |rlr3 ||-l1-:|| WA | B, e |ﬂ|w- IF- | AK- | AY- ﬂ T

Figure 13-4 Result of the Convert Command

An important portion of the analysis requires that a sharp corner will be developed at the
lip of the cylinder. To do this, the mesh must be refined in that area. The user will need to
zoom in on that area. The nodes near the radius of 0.25 will be moved to exactly that
location. The y-coordinates of these nodes can be determined by the SHOw command on
the NODES panel. The move operation is done using the following button sequence:
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MAIN
MESH GENERATION
nodes SHOW
42 (Pick a node on the 8th row of nodes
from the axis of symmetry)
MOVE
FORMULAS
X
0. 25
z
NODES (Box pick the 8th row of nodes)
37 38 39 40 41 42
END LIST (#)
RETURN

The next step isto subdivide the sixth row of elements. Use the following button sequence
to subdivide the elements.

MAIN
MESH GENERATION
SUBDIVIDE

DIVISIONS
1 2 1

ELEMENTS (Box pick the 7th row of elements)
26 27 28 29 30
END LIST (#)

After subdividing, it is usually necessary to remove all the duplicate nodes. It isalso
advisable to renumber the elements because there is a gap in the numbering from the
subdivide operation. This can be done with the following button sequence.

MAIN
MESH GENERATION
SWEEP
sweep NODES
all: EXIST.
RETURN
RENUMBER
ALL
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Step 2

Thenext step isto createthedies. The dieswill be represented by geometric entities. These
entities are a combination of curves.

For the punch, thefirst step isto put apoint at the center of the sphere. Then use that point
to createan arc. It iseasier to have arigid body amost touching the deformable body. That
iswhy the center point will be created by duplicating the top center point of the workpiece
at adistance equal to the sphereradius. Thefollowing button sequence will create the center
point and arc.

MAIN
MESH GENERATION
DUPLICATE
TRANSLATIONS
-0.24 0 O
POINTS
1 (Pick the lower left point)
END LIST (#)
RETURN
CURVE TYPE
CENTER/RADIUS/ANGLE/ANGLE
RETURN
crvs ADD
0O 0 O (Pick the point just created (Center))
0. 24 (Radius)
0 55 (Beginning angle, ending angle)

The next curve must be tangent to the one just created. Therefore, the curve type must be
changed to arc type tangent/radius/angle before creating the curve. Theradius of thearcis
0.109 inches and the angle will be a negative 55 degrees. The negative sign makes the arc
go clockwise. The following button sequence will create the arc.
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MAIN

MESH GENERATION

CURVE TYPE

TANGENT/RADIUS/ANGLE

RETURN
crvs ADD
11

SET Ilil:rm IIII I

(Pick the end point of the arc
just created (Tangent point))
(Radius)

(Angle)

CLLA WS | LA GLOM

ATTACH | auTciEss 1

CHAMNGE C1A5S | DHECK

ERHWERT " | i A

[ | mrEnster

e | L .

BEHIBIEER "| EEv v

] FREIH

ECen Fentr r

SRR L) I
ittt i bl it

BELECH

BETURH e oo [ Jonaw [rue [nesrmew T | T | Wb | Fws | s [mooe [0 | umn

| e G e v T2 | me | | P o | PEFRER

Figure 13-5 The Spherical Part for the Punch

The next step isto finish therigid body. Thereis onelinerequired to finish the punch. Thisis
ahorizontal line tangent to the second arc. The following button sequence will createtheline.
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MAIN
MESH GENERATION
EXPAND
TRANSLATIONS
0 0.6 O
POINTS
14 (Pick the end point of the last arc)
END LIST (#)
FILL
BN .
oo D]
In
o P
ACE FacTong |1 |
1
e e |
AOTATIOHS o ettt
|n bogwh g
n [ i
ITLAHSLADOHS l-:- |
i
[ i B
BREPETIGHS 1 IEREE B
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FRIRHTSL | HET | ST R
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Figure 13-6 The Geometry of the Punch

The next step isto create the backing plate. First, a point will be added at the bottom of the
workpiece at ay location of 0.25. It will then be expanded inthe x and y direction creating
thetwo linesrequired for the rigid body. The following button sequence will generate these
CUrves.
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MAIN
MESH GENERATION
pts ADD
0.357 0.25 O
EXPAND
POINTS
16 (Pick the point just created)
END LIST (#)
TRANSLATIONS
0.4 0 O
POINTS
16 (Pick the corner point)
END LIST (#)
FILL
— ‘
L]
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1
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EEE E
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Figure 13-7 Punch, Workpiece, and Backing Plate
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Step 3

Thefirst step isto create a table with the stress versus plastic strain table. The following
button sequence will create the table.

MAIN
MATERIAL PROPERTIES
TABLES

TABLE TYPE
plastic_strain
OK

SHOW TABLE

ADD POINT
0 39000
0.7e-3 58500
1.6e-3 63765
2.55e-3 67265
3.3e-3 68250
10e-3 72150

NAME
wor k- hard
MORE
label X-AXIS
plastic strain
label Y-AXIS
yield stress
SHOW MODEL

The next step isto input the material properties and assign them to the elements. The table
must be assigned to the yield stress value to include the workhardening. The following
button sequence will assign the material properties.
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MAIN
MATERIAL PROPERTIES
ISOTROPIC
YOUNG’'S MODULUS
30. Oeb
POISSON'’S RATIO
0.3
PLASTICITY
INITIAL YIELD STRESS
1
initial yield stress TABLE 1
work-hard
OK
OK
OK
elements ADD
all: EXIST.

ekl rwia

—

»

aa
[ L
ol i s il
BETLH ’II!I oo [ sem Tonew [roe [neservew (e [ v | | e mes [ nes [soow [me Jumn
UTLE | FLER | FLOT | vew | B N T 0 T il i

Figure 13-8 Workhardening Curve
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The next step isto clamp the end of the workpiece. The model is axisymmetric and

therefore, has only 2 degrees of freedom at each node. Thefirst set of boundary conditions

will clamp the node on the top right in both axial and radial direction. The second set of
boundary conditions will constrain the radial motion of both the nodes on the axis of
symmetry and the nodes on the outer radius of the workpiece.

MAIN
BOUNDARY CONDITIONS
MECHANICAL

FIXED DISPLACEMENT
ON x displace
ON vy displace
OK

nodes ADD
126
END LIST (#)

NEW

FIXED DISPLACEMENT
ON y displace
OK

nodes ADD

END LIST (#)

Step 4

This step assigns the elements and curves to the correct contact bodies. Rigid bodies must

(on)

(on)

(Pick the node at the top right point)

(on)

(Pick the bottom edge nodes)
(Pick the top edge nodes)

awaysfollow all deformable bodies. The following button sequence will assign all the

elements to deformable body 1.

MAIN
CONTACT
CONTACT BODIES

DEFORMABLE

NAME
wor kpi ece

elements ADD
all: EXIST.

13-16 Mentat User’s Guide



w 1 3 Punch Detailed Session Description

The next step isto assign the curvesto rigid bodies. By default, analytical curves will be
used for rigid bodies composed of curved entities. Therefore, no manual interferenceis
required to specify the number of subdivisions used to discretize the curves.

The following button sequence will create the 2 rigid bodies.

MAIN
CONTACT
CONTACT BODIES
NEW
NAME
punch
crvs ADD
2 3 4
END LIST (#)
NEW
NAME
back
crvs ADD
5 6
END LIST (#)

(Pick curves of punch)

(Pick curves of backing plate)

At thispoint, it isadvisableto check the correctness of the definition direction of the curves
used in the rigid bodies.
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13-18

MAIN
CONTACT
CONTACT BODIES
PLOT

elements SOLID

REGENERATE

RETURN

ID CONTACT (on)
COHTAL T BODES
W | mre E‘E
ST, |T
:n.-r-.- PRGN | MEWT | DT ——
TOHTALT BT TYmL
DEF O AL pumch
 FAGD
FA0 = HEAT THANEFEH berh
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Figure 13-9 Incorrect Definition Direction of Curves in Back-Plate

ThelD CONTACT button will show therigid bodiesand their direction. If either of the curves
isdefined such that therigid body is on the same side as the def ormabl e body, the curve can
be flipped by using the FLIP CURVES button.
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MAIN
CONTACT
CONTACT BODIES
FLIP CURVES
5 (Pick curve)
END LIST (#)
ID CONTACT (off)
TOHTALT BRI
W | BIH SEannc |
ST, |T
::'u-.- PSRN | MEWT | BT E——
COHTALT B TPmL
[eagn ]t T punch
* FACAD

karh
FHAD = HEAT THAREF EH

Ve
CLIRVT S Ao |mre |7
SIHFACES  ADD ||=||-||-:-

A Y TR O G D CCNTIHLAL Y

LW COMTROLLDD B S BODY

TRllES
I COMTRET 0 B CEFACES |
T ELPUEHTE L TS ] '
T SAWADTS
¥
'] ",
BELEST |
HETUAH nidg LEDD | e | o | Pl ||||5,|1l\.l||'.l\.l Ts ||1l. Il.r. s | BEs | MPs | Foads | B (=11
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Figure 13-10 Corrected Definition

The punch will move during the analysis. To define the motion, atable of time versus
velocity must be defined. The axial distance of the straight section of the punch and the
workpieceis0.1488 inches. Thisvalue can be determined with the DISTANCE command on
the second page of the UTILITIES menu (use MORE).

Mentat User's Guide  13-19



w 1 3 Punch Detailed Session Description

As stated before, this gap will be closed in 0.4 seconds. As soon as the horizontal part of
the punch touches the workpiece, the motion will be reversed and the release option will be

switched on. In order to accomplish separation within this single increment, the punch will
be withdrawn at high velocity.

The following button sequence will define the table.

MAIN
CONTACT
CONTACT BODIES
TABLES
NEW
NAME
punch_noti on
TABLE TYPE
time
OK
ADD POINT
0 0.1488/0.4 (0.1488/0.4 = velocity)
0.4 0.1488/0.4
0.4 -10*0.1488/0.4 (-10*velocity)
0.5 -10*0.1488/0.4
FIT
SHOW MODEL
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Figure 13-11 Velocity as a Function of Time

Thefollowing button sequence will assign the table to the punch motion (please notice that
the current and therefore active body is body 3, the backing plate!).

MAIN
CONTACT
CONTACT BODIES
PREV
CONTACT BODY PROPERTIES
velocity X
1
velocity x TABLE
punch_motion
OK
OK

(to activate body 2)
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Step 5

The loadcases describe the first and second part of the loading history and the loads used
during those parts. The following button sequence will create the loadcases.

MAIN
LOADCASE
NAME
i ndent
mechanical analyses STATIC
LOADS
OK
TOTAL LOADCASE TIME
0.4
# STEPS
100
SOLUTION CONTROL
MAX # RECYCLES
20
OK
OK
NEW
NAME
rel ease
mechanical analyses STATIC
LOADS
OK
TOTAL LOADCASE TIME
0.1
# STEPS
1
SOLUTION CONTROL
MAX # RECYCLES
20
OK
CONTACT
CONTACT RELEASES
SELECT
punch
OK
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Figure 13-12 Specify Release of Contact Body
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Step 6

Thefinal preprocessing step isto create the job and submit it to run in the background. The
job menu defines the special analysis options, the results saved, and other global parameters.
Thisis also where the |oadcases can be selected in the desired order. The following button
sequence will create the job and submit it.

MECHAHICAL LOVRCASES =
i s TT Ty
ww  |are | [srDusseca FanC PanAarEnE
||.|.u.l el | COMUACT
COFY | PRV | comact TasLE |
LCADCASE TYPE
— COHTACT ANERS ERCLUE SEQLEHTS CORTACT BOUTY HELEASES
— GLEAA | GLEH CLERA
SAELR | I 1 ! morkpiaon
trewanc oy | ol
e TR | i
= Dreren e | T
~prrcmung | - £
“mEnFLAEE| |
EOOY APPIIDA
-
r
r FJ r
| FoncE REscaL
o EILE [T |"'!l°l-llil'l.lld. 1
U
e
CEACTRATED FLUEMEHTS ¥
L TN . — 1
...........  brdicidd blusdins. o
BELECT
BETIHH L] |mmmmru NESET W mw-mmn‘r—u-wﬂ ELD
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Figure 13-13 Select Solution Procedure
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MAIN
JOBS
MECHANICAL

available loadcases
indent
release

ANALYSIS OPTIONS
CONSTANT DILATATION
SMALL STRAIN-MEAN NRM
SMALL STRAIN-RADIAL R

(Switch on large strain, mean normal

based on additive decomposition)
JOB RESULTS

tensors
stress
scalars
von_mises
tepl_strain
OK

AXISYMMETRIC (This makes sure that the

default element type 10 is used)
OK

CHECK

SAVE

RUN
SUBMIT 1
MONITOR

The MONITOR option will continually update the log and return the program control to the
user when the analysisis complete. If the user wishes, there is amonitor capability in the

RESULTS menuwhich will allow the user to watch the deformations and stresses during the
analysis.
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Figure 13-14 Select Quantities to be Written on Post Tape
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Step 7

The analysis requires the final deformed shape and the stresses at that time. The following
button sequence will present the results.

MAIN
RESULTS
OPEN DEFAULT
FILL
PLOT
draw NODES (off)
MORE
edges OUTLINE
PREVIOUS
RETURN
DEF & ORIG
SCALAR
Equivalent von Mises Stress
OK
CONTOUR BANDS
MONITOR

The deformed shape shows that the 90 degree lip iswell developed. It also shows the final
stresses after the punch operation. Thelast increment (101) showstheresidual stressesafter
the punch has been withdrawn.
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Figure 13-15 Deformations and Stresses at Maximum Indentation
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Figure 13-16 Deformations and Stresses after Springback
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13-30

| Version : Mentat 3.3
*alias action
*exec_p gen_i mage. proc

*action | figure 13.0 -
*action | figure 13.1 -
*action | figure 13.2 -
*action | figure 13.3 -
@op()

@ush( meshgen)

| step 1

|

*add_points

0.24 00

@ush( expand)

*set _expand_transl ati ons
0.117 0 O

*expand_points

al | _existing

| expand the curve in y-direction creating a surface

*set _expand_transl ations
0 0.7874 0
*expand_curves

al | _existing

*Fill _view

I@JOlO( 1)

| create a 5x20 nesh on the surface

@ush(convert)

*set _convert _divisions
5 20

*convert surfaces

al | _existing
@ush(pl ot _screen)
*set _surfaces off
*regenerate

@op(1)
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*action | figure 13.4
|@>0|0( 1)
| find the row closest to R=0.25
| and shift those nodes to the exact position
|
@ush(coord_system
*grid u_domain
*grid_v_domain
0 0.25
*grid_v_spacing
0. 25
*set _grid on
@op(1)
@ush(nove)
*set _nove_formul as
X
0. 25
z
*nmove_nodes
37 38 39 40 41 42
# | End of List
@op(1)
@ush(subdi vi de)
*sub_di vi si ons
121
*subdi vi de_el enent s
26 27 28 29 30
# | End of List
@op(1)
*set_grid off
@ush(sweep)
*sweep_nodes
all _existing
@op(1)
@ush(renunber)
*renunber _al
I@>0|0( 1)
| step 2
I
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@ush(duplicate)

*set duplicate translations
-0.24 00
*duplicate_points

1

#

@op(1)

@ush(curve_type)
*set_curve_type arc_craa
@op(1)

*add_curves

000

0.24

0 55

*action | figure 13.5

| add a curve that bends back to vertical again
|
@ush(curve_type)
*set _curve_type arc_tra
@op(1)
*add_curves
11
0. 109
-55
I
| finish with straight |ine segnent
I
@ush( expand)
*set _expand_transl ations
00.60
*expand_points
14
# | End of List
*fill _view
*action | figure 13.6
I
| make the backing plate, starting with the corner
I
@op(1)

*add_points
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0.357 0.25 0

@ush( expand)
*expand_poi nts

17

# | End of List

*set _expand_transl ations
0400
*expand_points

17

# | End of List

*fill _view

*action | figure 13.7
@op(1)

|@>0|0( 1)

| step 3 : apply material data and boundary conditions

I

| define work hardening curve
@ush( mat _pr ops)

@ush(tabl e)

*set _table_type
@opup(table_type pm
@ist(table_type_ list,0)
plastic_strain

@opdown(tabl e_type_pm
*show t abl e

*t abl e_add
0. 39000
. 7e-3 58500

1.6e-3 63765
2.55e-3 67265
3.3e-3 68250
10.e-3 72150
*table fit
*tabl e_nane
wor k- hard
*set tabl e _xnane
plastic strain
*set _tabl e_ynane
yield stress
*action | figure 13.8
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*show_nodel

| apply Young’'s modulus, Poisson ratio and
| work hardening to all elements

|

@pop(1)

*material_type mechanical:isotropic
@popup(mat_isotropic)

*material_value isotropic:youngs_modulus
30e6

3

*material_type plasticity
@popup(iso_plastic_popmenu)
*material_value plasticity:yield_stress
1

*material_table plasticity:yield_stressO
@set($dof,plasticity:yield_stress0)
@popup(material_select_table_popmenu)
@list(select_table_list,0)

work-hard
@popdown(material_select_table_popmenu)
@popdown(iso_plastic_popmenu)
@popdown(mat_isotropic)
*add_material_elements

all_existing

I@|00|0(1)

| fix the upper right corner node

I

@push(apply)
@push(apply_mechanical)
*apply_type fixed_displacement
@set($usersubfv,FORCDT)
@popup(fixed_disp_pm)

*apply_dof x

*apply_dofy
@popdown(fixed_disp_pm)
*add_apply_nodes

126

13-34 Mentat User’s Guide



w 1 3 Punch Procedure File

#
*new_apply
*apply_type fixed_displ acenent
@ et ($user subf v, FORCDT)
@opup(fixed_disp_pm
*apply_dof vy
@opdown(fixed disp_pm
*add_appl y_nodes
123456
121 122 123 124 125 126
# | End of List
@op(1)
|@>0|0( 1)
| step 4
I
| identify the contact bodies and define their notion
|
@ush(cont act)
@ush(cont act _bodi es)
*cont act _body_nane
wor kpi ece
*cont act _def or mabl e
@opup(cont act _def orm pm
@opdown(cont act _def orm pm
*add_cont act _body_el enment s
all _existing
*new_cont act _body
*cont act _body_nane
punch
*add_cont act _body_curves
2
3
4
*undo
*new_cont act _body
*add_cont act _body_curves
1
2
3
# | End of List
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*cont act _body_nane
punch
*new_cont act _body
*cont act _body_nane
back
*add_contact _body_curves
5
4
# | End of List
@ush(pl ot _screen)
*el ements_solid
@op(1)
*identify _contact *regen
*action | figure 13.9
*flip_curves
4
# | End of List
*action | figure 13.10
*identify_none *regen
@ush(tabl e)
*new_t abl e
*tabl e_nane
punch_notion
*set _table_type
@opup(tabl e_type_pnm
@ist(table_type_list,0)
tinme
@opdown(tabl e_type pm
*t abl e_add
0.0 0.1488/0. 4
0.4 0.1488/0.4
0.4 -10*0.1488/0.4
0.5 -10*0.1488/0.4
*table fit
*action | figure 13.11
@op(1)
*previ ous_cont act _body
*contact _rigid
@opup(contact _rigid _pn
*contact _option control:velocity
@opup(contact _velocity_pm
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*cont act _val ue vx

1

*cbody_tabl e vx0

@et ($dof , vx0)
@opup(contact _sel ect _t abl e_popnenu)
@ist(select table list,0)
punch_noti on
@opdown(cont act _sel ect _t abl e_popnenu)
@opdown( cont act _vel ocity_pm
@opdown(contact _rigid_pm
@op(1)

|@>0|o( 1)

| step 5

I

| define two | oadcases, one for the identation and one for the rel ease
I

@ush(| oadcase)

@ush(| case_heat)

@op(1)

@ush( 1l case_mnechani cal)

*| oadcase_type static

@opup(l case_static)

*| oadcase_val ue nsteps

*| oadcase_val ue tine

.4

*| oadcase_val ue nsteps

100

*action | figure 13.12
@opup(mech_sol uti on_control)
*| oadcase_val ue nmaxrec

20
@opdown(mech_sol uti on_control)
@opdown( | case_static)

*| oadcase_nane

i ndent

*new_| oadcase

*| oadcase_nane

rel ease

*| oadcase_type static

@opup(l case_static)
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*| oadcase_val ue tine

.1

*| oadcase_val ue nsteps

1

@opup(mech_sol ution_control)

*| oadcase_val ue nmmxrec

20
@opdown( mech_sol ution_control)
@opup(contact | case_popnenu)
@ist(lcase_cbhody list,0)
@ist(lcase_exseg_list,0)
@ist(lcase carea_list,0)

*add_| oadcase_cbodi es punch
*action | figure 13.13
@opdown( cont act _| case_popmnenu)
@opdown( | case_stati c)

@op(1)

|@>0|0( 1)

| step 6

I

| activate the non-linear job options and submt a job
I

@ush(j obs)

*j ob_cl ass mechani cal

@opup(j ob_mechani cal)
@ist(job_add | case_|ist,0)
@ist(job_remlcase_|ist,0)
*add_j ob_| oadcases i ndent
*add_j ob_| oadcases rel ease
@opup(j ob_an_opts_nech_poprenu)
*job_option cdilatation:on
*job_option plasticity:s_strn_rr
*job_option plasticity:l_strn_m_add
*action | figure 13.14
@opdown(j ob_an_opts_nech_popnrenu)
@ist(job_add_Icase_list,0)
@ist(job_remlcase_|ist,0)
@opup(tensor_scal ar _popmenu)
@i st(post_var _listl,0)
@ist(post_tensor_listl,0)
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*add_post _tensor stress

*add_post _var von_mni ses
*add_post_var tepl _strain

*action | figure 13.15
@opdown(tensor_scal ar _popnenu)
@ist(job_add | case |ist,0)
@ist(job_remlcase |ist,0)

*j ob_option dinmen:axi sym

@opdown(j ob_mechani cal)

@ush(fil e_screen)

@et ($fil e_browser_I| abel, SAVE AS FI LE)
@et ($fil e_browser _conmand, *save_as_nodel )
@opup(save_fil e_browser_popnenu)
@ist(save_file_browser_filelist,0)
@ist(save file browser _dirlist,0)
*save_as_nodel c¢13.nud yes
@opdown(save fil e_browser_ popnenu)
@op(1)

@op(1)

@ush(j obs)

*updat e_j ob

@opup(j ob_run_popnenu)

*submit_job 1

*nmoni tor _job

@opdown(j ob_run_popnenu)

I@JOD( 1)

| step 7

I

| evaluate the results

I

@ush(results)

*post _open_def aul t

*post _next

*Fill _view

@ush(pl ot _screen)

*set _nodes off

@op(1)

@ush(def ormed_settings)
*edges_outline *regen

@op(1)
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Procedure File

13-40

*set deformed both

*post _val ue
@opup(post _scal ar_pm

@i st (post_scal ar_list,0)
Equi val ent Von M ses Stress
@opdown( post _scal ar_pn)
*post _cont our _bands

*post _nonitor

*post _skip_to

100
*action | figure 13.16
*post _next

*action | figure 13.17
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Bracket

Chapter Overview

The sample session described in this chapter demonstrates a simple linear static and
dynamic analysison a steel bracket. The bracket restrains a vertical pipe. The bracket also
supports some mechanical equipment. First, the bracket will be subjected to a static load.
A dynamic analysis will predict the normal frequencies and mode shapes of vibration to
determineif there is any interaction with the bracket and surrounding excitation
frequencies. Finally, the bracket will be subjected to a time dependent pressure and the
dynamic response will be determined.
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Background Information

Description

This problem demonstrates the preparation of amodel using two different meshing
techniques, multiple geometric properties, three |oadcase types, and corresponding boundary
conditions and loads. It will also demonstrate the application of boundary conditionsto
geometric entities and the merging of different meshes.

The bracket is 15x30x10 with a hole to support a pipe. The bracket must support standard
operating loads. It must not have a frequency that can be excited by the mechanical
equipment which it supports. It must not fail for a given time dependent pressure loading.

Idealization

The bracket will be represented by flat plate elements which have 4 nodes and the thickness
isconsidered a property of the element. The vertical support plateswill require quadrilateral
elements to be degenerated to triangular el ements in the portion where the arc is tangent to
the horizonta plate.

The bracket iswelded to acolumn and thereforewill be considered fully fixed on that edge.
The weight of the mechanical equipment will be applied to the cantilevered section of the
horizontal plate as a distributed load of 1 psi.

Requirements for a Successful Analysis

The analysis will be considered successful if none of the stresses are above 36000 psi
during standard operating loads and there are no modes in the range of the mechanical
equipment. The bracket cannot cause the pipe to break during a dynamic loading event.
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L

Figure 14-1 Bracket

Full Disclosure

The steel bracket is modeled by four-noded plate elements with a Young’s Modulus of :
psi and a Poisson’s Ratio of 0.3. It is assumed that the material will not exceed the Vit
point of 36000 psi. The horizontal plate is 15 inches by 30 inches with a hole of 3.5 in
radius centered in the half of the plate where the vertical support plates are attached.
vertical support plates are 10 inches by 15 inches with a filleted edge. The horizontal |
Is 0.25 inches thick and the vertical plates are 0.5 inches thick.
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Outside Half of Plate Loaded 1 psi

Width 15 Inch

Length 30 Inch

Arc Center (22.5,0,-27.5)

Height 10 Inch

Hole Center (7.5,7.5)
Radius 3.5 Inch

Figure 14-2 Dimensions and Loads for the Bracket
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Overview of Steps

Step 1 Create the boundary of aflat arearepresenting the half of the plate with the hole
in it. Use the overlay mesh generator to create finite elements.

Step 2 Create the cantilevered section of the plate. Convert it to finite elements.
Merge the two parts.

Step 3 Fold the vertical sections and modify the elementsin the triangular region.
Step 4  Apply boundary conditions.

Step 5 Assign material and geometric properties.

Step 6 Create the loadcases and submit the jobs.

Step 7 Postprocess the results.
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Detailed Session Description of the Linear Static Case

Detailed Session Description of the Linear Static Case

Step 1

14-6

The approach used in this session to generate the model isto use the geometric meshing
techniqueto create 2 different areas and mesh them. Thefirst areawill be meshed using the
overlay mesh generator, and the second will be meshed using the CONVERT processor.
The entire model will be created as aflat piece and, subsequently, the 2 support pieces will

be folded.

Asin the sample session described in Chapter 4, the first step in building the mesh isto
establish an input grid. Click on the MESH GENERATION button of the main menu. Next
click on the SET button to access the coordinate system menu where the grid settings are
located. Use the following button sequence to set the grid spacing to 5 inches and the grid
size of 30 inches.

MAIN

MESH GENERATION
SET

U DOMAIN
-30 30

U SPACING
5

V DOMAIN
-30 30

V SPACING
5

grid ON

RETURN

(on)

The next step will be to create the 3 vertical lines of the model. The following button
sequence will create the lines.
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MAIN
MESH GENERATION
FILL
crvs ADD (Pick points from grid)
poi nt (0, -10, 0)
poi nt (0, 25, 0)
poi nt (15, 0, 0)
poi nt (15, 15, 0)
poi nt (30, 0, 0)
poi nt (30, 15, 0)
L EH ERE RATHIN a = = . 2 = b I = u a a m
Iumu Elﬂl BT
BLEW ADD | REM | T
Lz ﬂlﬂl Emr
) S| i) S

SET | BECTAHGLRAR. | ™ GAID . . . . . - } . . i . ] -3

CLLAN S | CLEA GEO

[ArTach | AurTceszs
CHAHGE £1A53 " | CHECKE
COHWERT | A e
[ | mrEnEc
o BFLAX
BEHIBIEER BEW W
A0S TRETEH
DO Faen I
SHRBIETTIY
& -t
! i
BETIRH L] LRG| S ey | rel | nesen s Toa | T¥e | T | Wede | e | MRS | Ea0e | N
UTLE | PLES | FLOT | WEW | T | TR | v | T | e | e | RE | P [ | PEFED

Figure 14-3 Grid and Straight Line Segments

The next geometric entity to be added will be the 2 fillets. The curve type must be changed
to arc and then the 2 curves added. To insure that the arc end points are the end points of
the line the CENTER/POINT/POINT arc type will be used. The following button sequence
will add the 2 arcs.

Mentat User’'s Guide 14-7



w 14 Bracket Detailed Session Description of the Linear Static Case

MAIN
MESH GENERATION
CURVE TYPE
CENTER/POINT/POINT
RETURN
crvs ADD
22.5 27.5 0 (Center point)
1500 (Pick lower end point of the second line)
0-100 (Pick lower end point of the first line)
22.5 42.5 0 (Center point)
0 25 O (Pick upper end point of the first line)
15 15 0 (Pick upper end point of the second line)
L EH ERE RATHIN a = = . 2 = ¥l 2 = u a a
— ' B
BERY A :l:l '
P A || o | ™
THVE A _l_l . L

umiuwﬁ'umium—n
LERERT CLAE | W
CLYE TSTE -
SUATALE TWPE 7| Dnids

IO TEE | B

gy
U .

[ | FILL FEEET s TH= | T | T2
FLOT | e | TR gL | TR | T | T
—_—

2|2
33|
1F
g% .

Figure 14-4 Line Segments and Fillets
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The next step will bethe center hole. The coordinate system will be moved such that it hasan
origin that is the center of the hole. The hole will be added using the grid.

MAIN
MESH GENERATION
SET
set origin XYZ
7.5 7.5 0
U DOMAIN
-10 10
U SPACING
0.5 0.5
V DOMAIN
-10 10
V SPACING
0.5 0.5
RETURN
ZOOM BOX
(Zoomin on the center of the grid)
CURVE TYPE
CENTER/POINT
RETURN

crvs ADD
0 0 O (Pick the center point)

3.5 0 O (Pick a point on the circle)
FILL
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el ] e e — SN D= ST

FRFNCE TVPR |{ll|.||h‘.'l .
OO T | B :

COCNDATE SYSTEM : : i :
SET | BECTANGULAR || ® GRID -..::..Eh-lﬁ
] |
CLLAN S | CLESN GLos .
AITACH AT S = i e |
stk c1asa | ccr : : :
[ | mrEnEc : : |
o | mFLAn : : L1 :
SERER | WP
U FMETEH -
SURDGE P I
SYRBETTIY
------------------------- H J
BELECT L
BETUNH s lwoo (e [omew [Tl [nEsmiawew | e | T | Toe | B | e | NEs | oo (M0 | usen
Vs | mes | mor | wew |Toweumom | | | T2 | me | B RE | P [y | DEFMED
L] L] L

Figure 14-5 Generation of the Circular Hole

The next step isto create finite elements from the geometric entities. Thiswill be done
using the overlay mesh generator. The following button sequence will generate the mesh.

MAIN
MESH GENERATION
GRID (off)
AUTOMESH
2D PLANAR MESHING
quadrilaterals (overlay) DIVISIONS

15 20
quadrilaterals (overlay) QUAD MESH!
1 2 4 5 6 (Use the Box Pick Method)
END LIST (#)
RETURN
RETURN
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Detailed Session Description of the Linear Static Case
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Figure 14-6 The Closed Contour for the OVERLAY Command
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Figure 14-7 The Automeshed Part
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Step 2

The next step isto mesh the cantilevered portion. This section will be modeled as a4 point
quadrilateral surface and then converted to a 6x6 finite element mesh. The following button
sequence will create the mesh.

MAIN
MESH GENERATION
srfs ADD (Pick the points in counter-clockwise order)

o U1 W

4
CONVERT
DIVISIONS
6 6
SURFACES TO ELEMENTS
1 (Pick surface)
END LIST (#)
RETURN

The overlay mesh generator may have created some unused nodes which must be removed.
Furthermore, the nodes on the interface of the two mesheswill not be coincident. Therefore,
to merge them, the sweep tolerance should be large, approximately 0.5. and only the nodes
aong the interface selected. The following button sequence will merge the nodes. The sweep
tolerance should be changed back to the default when the merge operation is finished.
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]
L

o k
| L LU Pr/
BELECT E
BETINH L o | s DR | P | PESETVIRW | TR | T | T8 | R | PEe | R | el | :
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Figure 14-8 Elements on the Square Surface
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MAIN
MESH GENERATION
SWEEP
REMOVE UNUSED NODES
TOLERANCE
0.5
SWEEP NODES
(Box Pick the nodes on the interface)
END LIST (#)
TOLERANCE
0. 0001
RETURN
e
- ' N o
[ S— N
ﬁ: LTS FI&"IME
SURFACES Al ._'l___,r _".I:__" ::,_i::.%
ALK LEAISTE 1 * 'L_ -:_._'__".:F:'.-_}___
RIS Funrs | '_f _1:_ 1 —l_r_"“- '
i .._.l.—-T —y— L -
l——l"d-*_ +-_"lql_' ~T
.'. *H‘ )
AT
_T:-\"I'_ =T -lL'--i-_
BEE A e ’ *
'-_|+_"'I' HF:'.'::E:
WD - ;
{7 l
{ - ] -...;r *'-- -:‘
e e Ee 1
BETURH bl oo | semw | oaw | rel | nemrans e | T | 1 | K9 | s | e | oo (M0 | s
JuE'| mmes ) mor ) vew | Cevaoumi |1 |1 |12 mmEm G| R

Figure 14-9 Correctly Connected Mesh
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Step 3

The final mesh general operation isto fold the two sides down. First, the nodes must be
along theline of thefold. Thiswill be done by creating aline along each edge and attaching
the nodes to these lines. Then, the 2 corner elements will be divided into 2 triangular
elements. These elements must still have the class of QUAD(4). This can be achieved by
generating the triangular elements as degenerated quad el ements, double clicking one node
in the connectivity list.

The lineswill be created by using the grid with aspacing of 5 and asize of 15. The origin
of the grid must be set to the global origin. The following button sequence will create the
lines and attach the nodes to them.
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MAIN
MESH GENERATION
SET
RESET
U SPACING
5
V SPACING
5
U DOMAIN
0 15
V DOMAIN
0 15
grid ON
RETURN
CURVE TYPE
LINE
RETURN
crvs ADD
point (0, 15, 0)
12
point(0, 0, 0)
7
GRID
ATTACH
attach nodes CURVE
7

END LIST (#)
8

END LIST (#)

(on)

(Pick grid point)

(Pick upper left point of the surface)
(Pick grid point)

(Pick lower left point of the surface)
(off)

(Pick lower line)
(Pick nodes near lower line)

(Pick upper line)
(Pick nodes near upper line)
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ANTSCH
LTI
(L= ] ] T
AL CTHEE 0o
]
AEEEEED
(1.1 " OH
AL il
T PR [T
ANTHIH O S
BTHHT AT
WIHE ST HIEHEEC]

ATTACH B F R TS

cap SURFACE
DETACH
R OE R
AHIVE POMTS
e numrCE
MTEASECT
| aE1EE
RETAH [

L — — + +
— & & T
B L & | L
] = o
" + + + + +
| e
| |
— + i + + + +
+ A
n .\.. 1___,.»-4'-. + + { +
| by e .
i =
+ —- —- -t g
| T . r—a
* #+ +- + o — -
o
ok
T - ¥
O d T ]
i W b
e A e o
'
UNDD | SAVE | DRAY | FEL | AESETVIDW | Te | T [T | Wk | Vs | AR | TOGE [ | USER
——— | Bed [ FERED
UTLE" | FLER " | FLOr 7| vew  |© oy w1 | T | R | AR | R our |

Figure 14-10 Nodes at the Top Half Attached to the Line

The 2 corner elements at the transition of the fillet to the square plate must be removed and
2 triangular elements will replace them. To create the triangular elements, the last node

should be selected twice. The triangular elements have to be defined such that they allow
for folding over the line segment. The following button sequence will create the first of 4

triangular elements.
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MAIN
MESH GENERATION
elems REM
82 53
END LIST (#)
elems ADD
113
58
109
109

(Pick elements at the triangular corners)

(Pick nodes)

(First click on this node)
(Second click on this node)

Add three more triangular elements in the same way.

AR I TERERETHIY [
MO0OES  ADD | BER | BIST "._ e, m
2”! ﬁ BER |HIT | .i'jm x“‘"""-\.
R | o | {
owE  ADD | mEM | O | - - J\"\b\.
w3 Do | MW | oo | TR ek .
SOUDS DD | BER ——% _‘||"“'l: .
RPN WIS | 8P N P VN
TR HETT . + .|; % I 1-,,.-* »
U TR [T 3 i _.l. =
SURFACE TVPE | Dk o ___lql__L__q-——
WD | ok T e [
COONDMATE SYSTEME g .\TH_
ST | AECTANGLLAR | Gain | R | h I# I
CLLAN S CLLAN GIOR g 4"'"& ll;i--_."._ 1 |
ATTACH “| AlTORESE | FEl )
CHAHGE £1A53 " | CHECKE i e ol e
CONERT | DR | +_
LEEHD *| mrenECy =[=7=1 r } *
LA —F o —
Lt {1« | e
BEMBIEER | BEVOLVE el e
SIHIE *| smEH P -:F.a"‘"
TEDL R T v
ENRIE TR ‘__4 ;* A L
...................... | R —— I-;r .-- '-"
sl ks ;f
BETIRH L] Il.-:IlD DR | FRL | RESET e T T | Weda | AFs | s | Foani) | s N
| [T Aor | vew | Femumm | | e | Te | e | A | e B o | DEFMED

Figure 14-11 Corner Elements Replaced by Triangular Elements
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Thefinal step in the process of folding isto actually move the elements. Thisis done using
the M OV E processor and rotating the elements. The lower edge will rotate 90 degrees and
the upper edge will rotate -90 degrees. The following button sequence will fold the 2 edges.

MAIN
MESH GENERATION
MOVE
ROTATIONS
90 0 O
POINT
15 0 O (Pick point at end of bottom line
of horizontal plate)
ELEMENTS
(Box Pick the lower elements to be fol ded)
END LIST (#)
ROTATIONS
-90 0 O
POINT
15 15 0 (Pick point at end of top line
of horizontal plate)
ELEMENTS
(Box Pick the upper elements to be folded
END LIST (#)
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The following button sequence will show all four views and turn off the points and curves. It
makes the viewing easier.

MAIN
VIEW
SHOW ALL VIEWS
PLOT
draw POINTS (off)
draw CURVES (off)
REGENERATE
FILL
RETURN
RETURN
LT BETTHGS == =
[ LAEEL
- S * oS
SRAERIESTE | | T FIEREHTE __+ s .
(=T ~ _EER ‘ f
- A e o e
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Figure 14-12 The Complete FE Model
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Step 4

The next step isto apply the boundary conditions. First, the back edge of the bracket will
be fixed in the 3 trandlational degrees of freedom. The following button sequence will fix

the edge.
MAIN
BOUNDARY CONDITIONS
MECHANICAL
FIXED DISPLACEMENT
ON x displace (on)
ON y displace (on)
ON z displace (on)
OK
nodes ADD
(Box Pick the left edge of the plate,
preferably in view 1 or 2)
END LIST (#)

The next step isto apply the face loads to the cantilevered portion of the plate. The loads
will be 1 ps downward to represent the mechanical equipment. The following button
sequence will apply the distributed |oads.

NEW
FACE LOAD
PRESSURE
1
OK
surfaces ADD
1 (Pick the surface)
END LIST (#)
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Figure 14-13 Loads Applied to All Elements Attached to the Surface

In reviewing the loads, it should be noted that the elements of which nodes have been
moved do not have loads applied to them. This problem can be fixed by re-attaching these
elements to the surface. The following button sequence will attach the elements and the
program will then automatically apply the loads.
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MAIN
MESH GENERATION
ATTACH
attach elements SURFACE
1 (Pick surface)
(Box Pick the Elements which are
detached from the surface)
END LIST (#)
RETURN
== =—]
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Figure 14-14 Added Surface Loads due to Renewed Attach
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Step 5

The next step isto assign the material properties. The material is steel and the mass density
must be included because a dynamic analysiswill be done. The following button sequence

will assign the material properties.

MAIN
MATERIAL PROPERTIES
ISOTROPIC
YOUNG’'S MODULUS

30e6
0.3 (Poisson’s ratio)

MASS DENSITY
0. 283/ 386. 4 (Mass density)

OK
elements ADD
all: EXIST

The next step isto assign the thickness of the plates. Because the plates have different
thicknesses, two geometric propertieswill be required. To make the picking of the elements
easier, the user should select the partial picking capability in the device menu. The default
isfull which requiresthat the item of the requested type be fully contained in the graphical
pick. The partial mode will select any item of the requested type that is partially in the
graphical pick. Thefollowing button sequencewill change the picking type and then assign

the geometric properties to the elements.

Mentat User's Guide  14-25



w 14 Bracket Detailed Session Description of the Linear Static Case

14-26

MAIN
DEVICE
picking PARTIAL
RETURN
GEOMETRIC PROPERTIES
3-D
SHELL
THICKNESS
0.25
OK
elements ADD
(Pick the Horizontal Plate Elements)
END LIST (#)
NEW
SHELL
THICKNESS
0.5
OK
elements ADD
(Pick the Vertical Plate Elements)
END LIST (#)

To verify the geometric property assignment, the following button sequence changes some
plot defaults and switches on the identification of geometries.

MAIN
GEOMETRIC PROPERTIES
3-D

ID GEOMETRIES (on)

PLOT
elements SOLID
REGENERATE
RETURN

ID GEOMETRIES (off)
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Figure 14-15 Graphical Confirmation of Applied Geometries

The next step isto create the static loadcase. It isalinear static with al loads selected and,
therefore, no special options need to be selected. The following button sequence will create
the loadcase.

MAIN
LOADCASE
mechanical analyses STATIC
OK
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The following button sequence will create the job and executeit.

MAIN
JOBS
MECHANICAL
available (Select aloadcase fromthe list)
Icasel
JOB RESULTS
scalars (Select Equivalent von Mises stress for outer
and midplane layers)
von_mises
ouT
tensors
stress (Select stress tensor for outer and midplane layers)
ouT
OK
JOB PARAMETERS
# SHELL/BEAM LAYERS
3 (Use 3 layersfor thickness integration)
OK
OK
SAVE
RUN
SUBMIT 1
MONITOR

Thefinal step in any analysisisto postprocess the results. Thisis done by opening the post
fileand reviewing theresults. The deformationswill be drawn using automatic scaling. The
following button sequence will do this. However, there may be other results that the user
wishesto review.
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MAIN
RESULTS

OPEN DEFAULT

DEF & ORIG

NEXT INC

NEXT INC

SCALAR
Equivalent von Mises Stress Layer 2
OK

CONTOUR BANDS
deformed shape SETTINGS
deformation scaling AUTOMATIC

Note: Theresults forincrement 0 and increment 1 are identical. This is caused by the fact that the pressure
loading is still selected as an initial load. The MARC writer generates for increment 1 (i.e.the
complete loadcase) the incremental load between the load vector and the initial load, which is a zero
load increment. As a result, the deformation in increment 0 and increment 1 is identical.
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Figure 14-16 Deformed Structure and Contours of von Mises Stress
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Conclusion

The bracket will sustain the required static loads.
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Dynamic Modal Shape Analysis

Overview of Steps
Step 1 Restore the database from the static analysis.
Step 2 Create amodal dynamic loadcase and submit it.

Step 3 Postprocess the results.
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Detailed Session Description of the Modal Shape Analysis

Step 1

For the dynamic analysis, the same geometry will be used. The first step isto restore the
database. Closing the post file will automatically restore the database. In addition, the
commands are shown for restoring the database and resetting the program. (These
commands are not necessary here). Finally, the plotting of points, curves, and surfaceswill
be switched off.

MAIN
RESULTS
CLOSE
FILES
RESTORE
RESET PROGRAM
RETURN
VIEW
show 4
PLOT
draw POINTS (off)
draw CURVES (off)
draw SURFACES (off)
RETURN
FILL
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Step 2

The next step isto create amodal dynamic loadcase. The default isthat 10 modes are
determined which is enough for this structure. (Note that the determination of higher order
modes in general required higher mesh densities). The following button sequence will
create the loadcase.

MAIN
LOADCASE
NEW
DYNAMIC MODAL
OK

The next step isto create and execute the modal analysis job. The following button
sequence will create and submit the job.

MAIN
JOBS
NEW
MECHANICAL
available
Icase2
ANALYSIS OPTIONS
(Verify that the LANCZOS method is used)
OK
OK
RUN
SAVE
SUBMIT 1
MONITOR
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Step 3

The next step isto postprocess the results. For modal analyses, not only the values of the

eigenfrequencies but also the shape of the deflections or modal shapes are of interest. For
the deformed shape, the automatically scaled deformations should be viewed. For ease of

understanding, it is best to show all four views. The following button sequence will do the
postprocessing.

MAIN
RESULTS
OPEN DEFAULT
DEF & ORIG
PLOT
draw NODES (off)
MORE
edges OUTLINE
RETURN
RETURN
SCALAR
Displacement z
OK
CONTOUR BANDS
deformed shape SETTINGS
deformation scaling AUTOMATIC
RETURN
NEXT INC (Repeat until all modes have been viewed)

Finally, generate an animation sequence of one modal shape:

MAIN
RESULTS
MORE
animate MODE
9 (Number of frames for animation)
ANIMATION
VIEW
show view 4
FILL
RETURN
PLAY
SHOW MODEL
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Figure 14-17 The Second Eigenmode

Observe that the calcul ated eigenfrequencies and corresponding eigenvectors are stored as
so-called subincrements on the post file. The eigenfrequency value (in cycles/time unit)
corresponding to a specific mode is printed on the top left of the screen.
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14-36

Table 14-1  Eigenfrequencies Bracket

value
increment mode (cycles/time)

0:1 1 27.5
0:2 2 85.3
0:3 3 150.7
0:4 4 240.8
0:5 5 298.6
0:6 6 304.8
0:7 7 413.0
0:8 8 456.9
0:9 9 505.9
0:10 10 569.3

Observe that the eigen period of mode 1 will be 0.036 seconds.
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Dynamic Transient Analysis

Overview of Steps

Step 1 Create an pressure time table for the loading. Then apply it asafaceload in a
loadcase.

Step 2 Create and submit atransient analysis.

Step 3 Postprocess the results.
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Detailed Session Description of Dynamic Transient Analysis

Step 1

Restore the database to continue with the analysis preparation. The next step isto include
atime dependent pressure history using the table option in the boundary condition menu.
Here, the table which isincluded in the file c14.tbl on the Mentat installation tape is used.
To load the table, the user will need the full path name to the Mentat subdirectory examples/
userguide or will have to copy thisfile into his own directory. The following button
sequences will restore the model and input the table.

MAIN
RESULTS
CLOSE
FILES
RESTORE
RESET PROGRAM
RETURN
PLOT
draw CURVES (off)
draw POINTS (off)
draw SURFACES (off)
FILL
MAIN
BOUNDARY CONDITIONS
MECHANICAL
TABLE
LOAD
cl4.tbl
FIT
SHOW MODEL
RETURN

The pressure history as function of the time is shown in Figure 14-18.
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Figure 14-18 Transient Pressure Loading as Function of Time

Observe that the maximum pressure magnitude is 1 which is equal to the pressure as

defined in the static loadcase. The maximum pressure is reached within 0.01 seconds and
the pressure is equal to zero at 0.04 seconds and kept to zero until 0.09 seconds. Looking

at theresults of the eigenfrequenciesin Table 14-1, it isto be expected that the |lower modes

will be dominating during the transient.
The next step isto assign this table to the pressure to the same elements as in the pressure

load used in loadcase 1.
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MAIN
BOUNDARY CONDITIONS
MECHANICAL
NEW
FACE LOAD
pressure TABLE
tabl el
OK
OK
faces ADD
(Box Pick the cantilevered elements)
END LIST (#)
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Figure 14-19 Transient Pressure Loading
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Step 2

The next step isto create the loadcase for the transient analysis. The following
button sequence will create the new loadcase.

MAIN
LOADCASE
NEW
DYNAMIC TRANSIENT
LOADS
appl y2 (Deselect static load)
OK
TOTAL LOADCASE TIME
0.09
fixed PARAMETERS
# STEPS
90
OK
OK
OK

Mentat User's Guide  14-41



w 14 Bracket Detailed Session Description of Dynamic Transient Analysis

Step 3

The next step isto create the job and submit it. The following button sequence will create
and submit the job.

MAIN
JOBS
NEW
MECHANICAL
available
| case3 (Select loadcase 3)
ANALYSIS OPTIONS
(Verify that dynamic transient operator Newmark is used)
OK
INITIAL LOADS
boundary conditions
appl y2 (Remove static load)
OK
JOB RESULTS
scalars
von_mises
ouT (Select outer and midplanes)
OK
JOB PARAMETERS
# SHELL/BEAM LAYERS
3
OK
OK
SAVE
RUN
SUBMIT 1
MONITOR
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Step 4

Thefinal step in any analysisisto postprocess the results. Thisis done by opening the post
file and reviewing the results. The following button sequence will do this. However, there
may be other results that the user wishes to review.

MAIN
RESULTS
OPEN DEFAULT
NEXT INC
DEF & ORIG
deformed shape SETTINGS
deformation scaling FACTOR
5.
deformation scaling MANUAL
OK
SCALAR
Equivalent von Mises Stress Layer 2
OK
CONTOUR BANDS
MONITOR

Thiswill walk through all 90 increments.
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It isalso possible to monitor a path plot. The following button sequence will show this.

MAIN
RESULTS
REWIND
PATH PLOT
NODE PATH
171
109
121
END LIST (#)
SHOW IDS
5
VARIABLES
ADD CURVE
Arc Length
Equi val ent von M ses Stress Layer 1
Arc Length
Equi val ent von M ses Stress Layer 2
Arc Length
Equi val ent von M ses Stress Layer 3
RETURN
FIT
YMAX
36000
MONITOR
SHOW MODEL

The stresses for the nodes in the node path do not exceed the yield stress of 36000 psi.
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Asalast step, history plots are made. First, aplot of the stresses versustimeisshownin
Figure 14-20.

MAIN
RESULTS
REWIND
HISTORY PLOT
SET NODES
166
109
113
END LIST (#)
COLLECT DATA
0 90 1
SHOW IDS
0
NODES/VARIABLES
ADD VARIABLE
Ti me
Equi val ent von M ses Stress Layer 3
FIT
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Figure 14-20 History Plot of von Mises Stress

Finally, the tip displacement in z-direction will be shown and compared with the value of
due to the static load with the same magnitude (loadcase 1), which was found to be 0.28

MAIN
RESULTS
REWIND
HISTORY PLOT
SET NODES
171
END LIST (#)
COLLECT DATA
0 90 1
NODES/VARIABLES
ADD VARIABLE
Ti me
Di spl acenent z
FIT
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Figure 14-21 History Plot of Tip Z-displacement
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Conclusion
Due to the dynamic loading, alarger value of the tip displacement isfound for the same

value of the maximum pressure. The bracket is shown to withstand the dynamic loads. The
stresses never exceed yield.
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Pressure Table

Pressure as function of tine file c14.tbl

#

Title

t abl el

o< H X I

H

X-axi s Label

Y- axi s Label

Type
1
Steps in X and Y
10
X-mn, X-nmex,
0. 000000000000e+00

. 000000000000e+00

04
0. 000000000000e+00
1. 000000000000e+02
4. 000000000000e+02
9. 000000000000e+02

Y-m n,

20
Ymax
9. 000000000000e+00

0. 000000000000e+00
1. 000000000000e+00
0. 000000000000e+00
0. 000000000000e+00

-1. 000000000000e+00

A WN P
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Procedure File

| Version : Mentat 3.3
*alias action
*exec_p gen_i nage. proc
*action | figure 14.0 - dummy
*action | figure 14.1 - dummy
*action | figure 14.2 - dummy
@op()
@ush(meshgen)
@ush(coord_systen)
*grid_u_domain
-30 30
*grid_u_spacing
5
*grid_v_domain
-30 30
*grid_v_spacing
5
*set_grid on
*fill _view
@op(1)
*add_curves
poi nt (0. 000000000000e+000, - 1. 000000000000e+001,
0. 000000000000e+000)
poi nt ( 0. 000000000000e+000, 2.500000000000e+001,
0. 000000000000e+000)
poi nt (1. 500000000000e+001, 0.000000000000e+000,
0. 000000000000e+000)
poi nt (1. 500000000000e+001, 1.500000000000e+001,
0. 000000000000e+000)
poi nt ( 3. 000000000000e+001, 0.000000000000e+000,
0. 000000000000e+000)
poi nt (3. 000000000000e+001, 1.500000000000e+001,
0. 000000000000e+000)
*action | figure 14.3
@ush(curve_type)
*set _curve_type arc_cpp
@op(1)
*add_curves
22.5 -27.5 0
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1500

0-100

22.5 42.5 0

0250

15 15 0

*action | figure 14.4
@ush(coord_system
*origin

7.5 7.5 0.0
*grid_u_domain

-10 10
*grid_u_spacing

0.5

*grid_v_domain

-10 10
*grid_v_spacing

0.5

@op(1)
@ush(curve_type)

*set _curve_type circle_cp
@op(1)

*add_curves

00O

3.500

*fill _view

*action | figure 14.5
*set _grid off
@opdown( append_pr ocedur e_br owser _popnenu)
@ush(aut onesh)
@ush(aut omesh_pl anar)
*set _overl ay_di vi si ons
15 20

*action | figure 14.6
*overl ay_nesh
12456

#

*action | figure 14.7
@op(1)

I@>0|0( 1)

| step 2
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*add_surfaces

3

5

6

4

@ush(convert)

*set _convert divisions
6 6

*convert _surfaces

1
# | End of List
*action | figure 14.8
@op(1)

@ush(sweep)
*renove_unused_nodes
*set _sweep_tol erance
0.5
*sweep_nodes

83 89 93 97 101 107 109 123 130 137 144 151 158 165
# | End of List
*action | figure 14.9
*set _sweep_tol erance
0. 001

I@JOD( 1)

| step 3

I

@vush(coord_systen)
*system reset
*grid_u_spacing

5
*grid_v_spacing
5
*grid_u_domai n
0 15
*grid_v_domain
0 15

*set _grid on
@op(1)

@ush(curve_type)
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*set _curve_type line
@op(1)

*add_curves

poi nt (0, 15, 0)

12

poi nt (0, 0, 0)

7

*set _grid off
@ush(attach)
*attach_nodes_curve

7

53 54 55 56 57 58 110
# | End of List
*attach_nodes_curve

8

11 12 13 14 15 16 78
# | End of List
*action | figure 14.10
@op(1)
*renove_el enent s

82 53
# | End of List
@op(1)

@ush( neshgen)
#

*add_el enents
113
58
109
109
58
52
109
109
22
16
83
83
16
81
83
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83
*action | figure 14.11
@ush(nove)

*set _nove_transl ations
*set _nove_rotations

90 0 O

*set _nove_poi nt

1500

*nove_el enent s
123456 41 42 43 44 45 46 47 48 49 51 52 132
#

*set _nove_rotations
-90 0 0

*set _nove_poi nt

15 15 0

*nove_el enent s

35 36 37 38 39 40 81 83 84 85 86 87 88 89 90 91 92 129
# | End of List
@ush(vi ewi ng_screen)
*show_al | _vi ews

*fill _view
@ush(pl ot _screen)

*set _points off

*set curves off
*regenerate

*fill _view

*action | figure 14.12
@op(1)

@op(1)

*nmove_curves

@op(1)

@ush(sweep)
*renove_unused_nodes
*Fill _view

@op(1)

I@0|0()

| step 4 Apply boundary conditions and | oads
I

@ush(appl y)

@ush(appl y_nmechani cal )
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*apply_type fixed _displ acenent
@ et ($user subf v, FORCDT)
@opup(fixed_disp_pnm

*appl y_dof x

*apply_dof y

*apply_dof z

@opdown(fixed disp_pm
*add_appl y_nodes

70 71 72 75 78 82 84 90 94 98 102 108 110 114 117 120 121
#

*new_apply

*apply_type face_l oad

@et (Suser subf v, FORCEM
@opup(appl y_face_l oad_popnenu)
*apply_value p

1
@opdown( appl y_face_| oad_popnenu)
*add_appl y_surfaces

1

# | End of List

*action | figure 14.13

@op(1)

@op(1)

@ush( neshgen)

@ush(attach)

*attach_el ements_surface

1

93 99 105 111 117 123

# | End of List

*action | figure 14.14

@op(1)
#

@op(1)

I

| step 5

I

@ush( mat _pr ops)

*materi al _type mechanical ;i sotropic
@opup(mat _i sotropi c)

*mat eri al _val ue isotropic: youngs_nodul us
30e6
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.3

*mat erial _val ue isotropic: nass_density
. 283/ 386. 4
@opdown( mat _i sot ropi c)

*add _naterial _elenments

all _existing

@op(1)

@ush(devi ce)

*pi ck_i nside_parti al

@op(1)

@ush(geom props)
@ush(geometry_nech_t hr ee)
*geonetry_type mech_t hree_shel
@opup(geom shel I _pm
*geonetry_val ue thick

0. 25

@opdown(geom shel | _pm
*add_geonetry_el ement s

7 89 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

30 31 32 33

34 50 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73

74 75 76 77

78 79 80 93 94 95 96 97 98 99 100 101 102 103 104 105 106 107 108

109 110 111

112 113 114 115 116 117 118 119 120 121 122 123 124 125 126 127 128

130 131

# | End of List

*new _geonetry

*geonetry_type mech_t hree_shel
@opup(geom shel | _pm
*geonetry_val ue thick

0.5

@opdown(geom shel |l _pm
*add_geonetry_el enents

123456 3536 37 38 39 40 41 42 43 44 45 46 47 48 49 51 52 81

83 84 85 86

87 88 89 90 91 92 129 132
# | End of List
*identify_geometries *regen
@ush(pl ot _screen)

*el enents_solid
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*regenerate

*action | figure 14.15

I

| step 6

I

@ush( | oadcase)

@ush(1l case_nechani cal)

*| oadcase_type static

@opup(l case_static)

@opdown(| case_static)

@op(1)

@op(1)

@ush(j obs)

*j ob_cl ass nechani cal

@opup(j ob_mechani cal)
@ist(job_remlcase_list,0)
@ist(job_add I case_list,0)
*add_j ob_| oadcases | casel
@opup(tensor_scal ar _popnenu)
@ist(post_tensor_listl,0)

@i st(post_var _list1,0)

*add_post _var von_mi ses

*post _var_outer | ayers von_m ses
*add_post _tensor stress

*post _tensor_outer_| ayers stress
@opdown(t ensor_scal ar _popnenu)
@ist(job_add | case_|ist,0)
@ist(job_remlcase_|ist,0)
@opup(j ob_param nech_popnenu)

*j ob_param | ayers

3
@opdown(j ob_param nech_popnrenu)
@ist(job_remlcase_|ist,0)
@opdown(j ob_nechani cal)
@ush(fil e_screen)

@et ($fil e_browser_| abel , SAVE AS FI LE)
@et ($fil e_browser _conmand, *save_as_nodel )
@opup(save_fil e_browser popnenu)
@ist(save file_ browser filelist,0)
@ist(save file_ browser _dirlist,0)
@opup(interface_confirm
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@opdown(save fil e browser_ popnenu)
*save_as_nodel cl4.nud yes
@opdown(i nterface_confirm
@op(1)

*update_j ob

@opup(j ob_run_popnenu)
*subnmit _job 1

*nmoni tor _j ob

@opdown(j ob_run_popnenu)
@op()

@ush(resul ts)

*post _open_def aul t

*set _def ormed both

*post _next

*post _next

*post _val ue
@opup(post _scal ar_pm

Equi val ent Von M ses Stress Layer 2
@opdown( post _scal ar_pm
*post _cont our _bands
@ush(defornmed_settings)
*set _aut omag on

*action | figure 14.16
@op(1)

I@JOD( 1)

| node shape anal ysis

I

| step 1

I

@ush(results)

*post _cl ose

@ush(fil e_screen)

*rest ore_nodel

*reset

*alias action

*exec_p gen_i nage. proc
@op(1)
@ush(vi ewi ng_screen)
*show vi ew 4
@ush( pl ot _screen)
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*set points off

*set _curves off

*set _surfaces off
*regenerate

*fill _view

@op(1)

@op(1)

|@)0|0( 1)

| step 2

I

@ush(| oadcase)

*new_| oadcase

@ush( | case_nechani cal )

*| oadcase_t ype dynani c_nodal
@opup(l case_dynani ¢c_nodal )
@opdown(| case_dynam c_nodal )
@op(1)

@op(1)

@ush(j obs)

*new_j ob

*j ob_cl ass nechani cal
@opup(j ob_nechani cal)
@ist(job_remlcase_list,0)
@ist(job_add_Icase_list,0)
*add_j ob_| oadcases | case2
@opup(j ob_an_opts_mech_popnenu)
@opdown(j ob_an_opts_nmech_popmnenu)
@ist(job_add | case |ist,0)
@ist(job_remlcase_list,0)
*save_nodel

@opdown(j ob_nechani cal)
*updat e_j ob

@opup(j ob_run_popnenu)
*subnmit_job 1

*moni tor _j ob

@opdown(j ob_run_popmnenu)
I@>0|0( 1)

| step 3

I
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@ush(resul ts)

*post _open_defaul t
*set _def ornmed both
@ush(pl ot _screen)
*set _nodes off
@ush(pl ot 1 _screen)
*edges_outli ne

@op(1)

@op(1)

*post _val ue
@opup(post _scal ar_pm
Di spl acenment z
@opdown( post _scal ar_pm
*post _cont our _bands
@ush(def ormed_settings)
*set _aut omag on
@op(1)

*post _next

*post _next

*post _next

*action | figure 14.17
@ush(results2)
*post _ani nmat e_node

9
@ush(ani mati on_scr een)
*ani mati on_pl ay
@ush(vi ewi ng_screen)
*show vi ew 4

*Fill _view

@op(1)

*ani mati on_pl ay
*show_nodel

@op(1)

I@JOlO( 1)

| dynanic transient analysis

| step 1

I

*post _cl ose
@ush(fil e_screen)
*r est or e_nodel
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*reset

*alias action

*exec_p gen_i nage. proc
@ush(pl ot _screen)

*set _curves off

*set _surfaces off

*set points off

*regenerate

*fill _view

@op(1)

@op(1)

@op(1)

@ush(appl y)

@ush(appl y_nmechani cal )

@ush(tabl e)

@et ($tabl e_browser _| abel , READ TABLE)
@et ($t abl e_browser _command, *t abl e_r ead)
@opup(read_tabl e_browser_poprenu)
*table read cl14.thl
@opdown(read_t abl e_browser _popnenu)
*table fit
*action | figure 14.18
*show_nodel

@op(1)
*new_apply
*apply_type face_l oad

@et ($user subf v, FORCEM
@opup(apply_face_| oad_popnenu)
*apply_table p0

@et ($dof , p0)
@opup(appl y_sel ect _t abl e_popnenu)
@ist(select_table_list,0)
tabl el

@opdown( appl y_sel ect _t abl e_popmnenu)
@opdown( appl y_face_I| oad_popnenu)
*add_appl y_f aces

93:0 94:0 95:0 96:0 97:0 98:0 99:0 100: 0 101: 0 102:0 103:0 104:0
105: 0 106:0

107: 0 108:0 109:0 110:0 111:0 112:0 113:0 114:0 115:0 116:0 117:0
118:0 119:0

120: 0 121:0 122:0 123:0 124:0 125:0 126:0 127:0 128:0
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# | End of List

*action | figure 14.19

@op(1)

|@mp( 1)

| step 2

|

@ush( | oadcase)

*new | oadcase

@ush( | case_mechani cal )

*| oadcase_type dynani c_transient
@opup(l case_dynani c_transi ent)
@opup(sel ect _| oads_popnenu)
@ist(lcase_apply_list,0)
*renove_| oadcase_| oads apply2
@opdown(sel ect _| oads_popnenu)
*| oadcase_val ue tine

.09

*| oadcase_val ue nsteps

90
@opdown( |l case_dynam c_transient)
@op(1)

I@JOlO( 1)

| step 3

I

@ush(j obs)

*new_j ob

*job_cl ass mechani cal

@opup(j ob_nechani cal )
@ist(job_remlcase_list,0)
@ist(job_add_Icase_list,0)
@opdown(j ob_nechani cal)

*j ob_cl ass nechani cal

@opup(j ob_mechani cal )
@ist(job_remlcase_list,0)
@ist(job_add_Icase_list,0)
*add_j ob_| oadcases | case3
@opup(j ob_an_opts_mech_popnenu)
@opdown(j ob_an_opts_mech_popmenu)
@ist(job_add_Icase_list,0)
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@ist(job_remlcase |ist,0)
@opup(init_| oads_popmrmenu)
@ist(job_apply_list,0)
@ist(job_icond_list,0)
*renove_j ob_appl ys apply2
@opdown(init_| oads_popmrmenu)
@ist(job_remlcase |ist,0)
@opup(tensor_scal ar _popmrenu)
@i st(post_tensor _listl,0)

@i st(post_var _listl,0)
*add_post_var von_m ses

*post _var_outer | ayers von_ni ses
@opdown(t ensor _scal ar _popnenu)
@ist(job_add_Icase_list,0)
@ist(job_remlcase_list,0)
@opup(j ob_param nech_popnenu)
*j ob_param | ayers

3
@opdown(j ob_param nech_poprenu)
@ist(job_remlcase_list,0)
@opdown(j ob_nechani cal)
*save_nodel

*updat e_j ob

@opup(j ob_run_popmenu)
*subnmit_job 1

*nmoni tor _job

@opdown(j ob_run_popnenu)
@op(1)

@ush(results)

*post _open_defaul t

*post _next

*set deformed both

@ush(def ornmed_settings)

*set def mag

5.

@op(1)

*post _val ue

@opup(post _scal ar_pn

Equi val ent Von M ses Stress Layer 2
@opdown( post _scal ar_pn)

*post _cont our _bands
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*post _nonitor
*post _rew nd
@ush(post _pat hpl ot)
*set _pat hpl ot _path
171
109
121
# | End of List
*set _pat hpl ot _node_id
5
@ush( pat hpl ot _vars)
@ist(path_var_list,0)
*pat hpl ot _add
Arc Length
Equi val ent Von M ses Stress Layer 1
*pat hpl ot _add
Arc Length
Equi val ent Von M ses Stress Layer 2
*pat hpl ot _add
Arc Length
Equi val ent Von M ses Stress Layer 3
@op(1)
*pathplot _fit
*set _pat hpl ot _ymax
36000
*post _noni t or
*show_nodel
*post _rew nd
@op(1)
@ush( post _history_pl ot)
*set _hi story_nodes
166
109
113
# | End of List
*hi story_col | ect
0 90 1
*set _history_ increnment _id
0
@ush(hi story_nodes_vars)
@i st (hist_node_list,0)
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@ist(hist_var_list,0)
*hi story_add_var
Ti me
Equi val ent Von M ses Stress Layer 3
*history fit
*action | figure 14.20
@op(1)
*show_nodel
*set _hi story_nodes
171
# | End of List
*hi story_coll ect
0 1000 1
@ush(hi story_nodes_vars)
@i st (hist_node_list,0)
@ist(hist_var |ist,11)
*hi story_add
171
Ti me
Di spl acenment z
*history fit
*action | figure 14.21
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Cooling Fin

Chapter Overview

An effective means of augmenting the cooling effectiveness of a given thermal cooling
design, isto increase the area exposed to the cooling fluid by means of adding fins. In the
fin design, the effectivenessis judged by comparing the temperatures of the structure for
conditionswith and without fins. This sample problem determinestwo sets of temperatures
reflecting the structure with and without afin.
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Background Information

Description

This problem demonstrates the preparation of a heat transfer model including convection
boundary conditions.

Idealization

Themodel isa0.15" X 0.05" rectangle with a0.05" square fin centered vertically on the
right side. The vertical sides have convection boundary conditions and the top and bottom
are adiabatic.

Requirements for a Successful Analysis

Theanalysisis considered completed if a steady state analysis is performed for a structure
with fin and a structure without fin.
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mensions are Cemarc
All Dimensions are in Inches
Hot side Coolant side
h =750 Btu/HR Ft"2 F h=500 Btu/HR Ft"2 F
T =2500 deg F T =1000 deg F

Height = 0.15 Height = 0.05

Width = 0.05

Material Properties

K =1.157e-4 Btu/Sec In F

Cp =0.146 Btu/lbm F
Width = 0.05
X

Figure 15-1 Cross-Section of Cooling Fin
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Full Disclosure
The model is0.15" high and 0.05" wide. Thefin is centered vertically and is 0.05" square.

The convection on the left sideiis:

qg=nh(T-T,)
with h = 750 Btu/HR Ft> °F = 750 x ;2 Btu/ in® °F
3600(12)
T, = 2500 °F
Theright side has a convection:
qg=h(T-T,)
with h = 500 Btu/HR Ft> °F = 500 x ;2 Btu/ in® °F
3600(12)
T, = 1000 °F

20

The material has a coefficient of thermal conduction A = 1.157 1041 Btuin® F

For asteady-state analysis, it isnot required to enter the mass density and the heat capacity.
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Overview of Steps
Step 1 Create 2 surfaces and convert to finite elements.
Step 2 Add convection boundary conditions.
Step 3  Add material data.
Step 4 Create a steady-state |oadcase.
Step 5 Create athermal job and submit.
Step 6  Postprocess results.
Step 7 Delete fin elements.
Step 8 Modify convection boundary conditions.
Step 9 Create new job and submit.

Step 10 Postprocess results.
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Detailed Session Description

Step 1

Thefirst step will create 2 surfaces and convert them to finite elements. The following
button sequence will create the surfaces and convert them.

MAIN
MESH GENERATION
SET
U SPACING
0. 05
V SPACING
0. 05
U DOMAIN
0 0.2
V DOMAIN
0 0.2
grid ON (on)
RETURN
FILL
ZOOM BOX
(Box pick right upper half of grid)
srfs ADD (Pick grid points)
poi nt (0, O, 0)
poi nt (0. 05, 0, 0)
poi nt (0. 05, 0. 15, 0)
poi nt (0, 0. 15, 0)
poi nt (0. 05, 0. 05, 0)
poi nt (0. 1, 0. 05, 0)
point (0.1,0.1,0)
poi nt (0. 05,0.1,0)
GRID (off)
CONVERT
DIVISIONS
3 6
SURFACES TO ELEMENTS
1 (Pick the first surface)
END LIST (#)
DIVISIONS
3 2
SURFACES TO ELEMENTS
2 (Pick the second surface)
END LIST (#)
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The next button sequence will merge the duplicate nodes on the interface of the two

surfaces.
MAIN
MESH GENERATION
SWEEP
sweep NODES
all: EXIST.
PLOT
draw POINTS (off)
draw SURFACES (off)
REGENERATE
RETURN
FILL
|mﬂl - -
- o
Tumvece [T
RS | ey
PIHTS | s 4 4
SURFACES | adn
BERAT LBUSED
BaliES | TS
+ ¥
']
| i | I
| aE1EE i !
BETINH L URDH | S | DR FRL | MEEETVEW | TEe | TV | T | R | AWR | WP | FOOM (0 | s
WTLE" | FuEs | Fuor | aew | T oy ugoe | T | T | T8 | R | BE ru:jm m | PEFHED

Figure 15-2 The Mesh Generated using the Convert Option
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Step 2

The next step isto add the convection boundary conditions. The following button sequence
creates the boundary conditions.

MAIN
BOUNDARY CONDITIONS
THERMAL

NAME
hot si de

EDGE FILM
COEFFICIENT (TOP)

750/ (3600* 144)
TEMP@INF (TOP)
2500

OK

edges ADD

(Box Pick the | eft edge)

END LIST (#)

NEW

NAME
cool ant

EDGE FILM
COEFFICIENT (TOP)

500/ (3600* 144)

TEMP@INF (TOP)

1000
OK
edges ADD
(Box Pick the right edge;
several Boxes are required)
END LIST (#)
RETURN
ID BOUNDARY CONDS (on)
ID BOUNDARY CONDS (off)

Notethat for the adiabatic conditions at top and bottom edges, no boundary conditions have
to be applied.
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ETHRDARY COMHTIOHE - =
T s
k - e
CoFY | B | T | EoiT nnet
ATHIOANY COMTEOH CLATS | !
AT R ——
& THERRAL
N | —
FL
ACDUENC . - —
~ B ARG
=l
“ IR TATE: - -
LS THE TR AT
 FLECTCRLA R T
a +* - +
® W BOHHDAAY ORI |
AR S TGS - =
!
WFRGE [ P ICATE @0 i MRS
. 1 | o ——
- - ]
- + ¥
]
—_— | £ -
A | 4
BETUIH ey o | seve Comew | ree nesraes T | T | TE | | s | e oM M |umn
JurE" | rwes” | mor | vew | Coveoumosr | e | e | e | e | e | e oA
el

Figure 15-3 The Film Conditions on the Hot and Coolant Side

Step 3

The next step is to add the material data. The material isisotropic. The following button
sequence assigns the material properties.

MAIN
MATERIAL PROPERTIES

HEAT TRANSFER

isotropic CONDUCTIVITY
1.157e-4

OK

elements ADD
all: EXIST.
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Step 4
The next step isto create a steady-state |oadcase. The following button sequence will do
this.
MAIN
LOADCASE
heat transfer analyses STEADY STATE
LOADS
OK
OK

Step 5

The next step isto create athermal job and submit the job for analysis. The following
buttons sequence will do this.

MAIN
JOBS
HEAT TRANSFER
loadcases SELECT
Icasel
analysis dimension PLANAR
OK
ELEMENT TYPES
PLANAR
39
OK
all: EXIST.
RETURN
SAVE
RUN
SUBMIT 1
MONITOR
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Step 6

Thefinal step for thefirst analysisisto postprocess results. The following button sequence
will review the results.

MAIN
RESULTS
OPEN DEFAULT
CONTOUR BANDS
NEXT INC
NEXT INC

FOETRROCESSHG BESULTS Wi
[lr-::ﬂl'.-r-lil

ik
[ ot
TEEMDEF AT | DREN
= — 1 S
KT B SHP RS
AFWHD S0P 10 I LR 18
P | ExansE THE _—
SEFORUED SHAFY  sgripans |
r— | I
“wroy | oraoms |
SCALKR FLOT J—
- S | B
... SO
RNy CEANT | W | upr.iq
* Comoun
“PWEOLS | CHOERES |

1
G0 -SARFACES ~ CUTTING PLAnE
k] CORTOHE B WaLES I | &V i
PRTHPLE | Ty PLo LR
T - 1 i ¥

L
-
BELECT
BETUNH s lwoo (e [omew [Tl [ nEsmiawew | e | T | Toe | B | e | NEs | oo (M0 | usen
JumE | res [ mor | wew | ove oo | | 1Y rzln-lrrl'Em"'I mp | EFHED

Figure 15-4 Contours of Temperature for Structure with Fin
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Step 7

First, restore the database with the geometry. Then delete the fin elements. The following
button sequence will modify the model.

MAIN
RESULTS
CLOSE
scalar plot OFF
RETURN
FILES
RESTORE
RESET PROGRAM
RETURN
MESH GENERATION
elems REM
(Box Pick the fin elements)
END LIST (#)
SWEEP
remove unused NODES
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TR ¥ ] r ~ pp—
PUANR
— e
ToEweceE ool —=
RS | mreERTS
PHHTS LTS
HIRFACES AL
BEET IUEED —_—
—_—
—l
—
- - - - ¥
— L -
BELEET * *
BETLRH Ly WO | BVE RS FEL MESET V9w Te | T | Tfa | Fese | WF= | AEs | SO0 |
m'm'nﬂrmrmmmwnmmgwm“Fm
Figure 15-5 Mesh without Fin
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Detailed Session Description

Step 8

The next step isto modify convection boundary conditions on the edge where the fin was
previously. The following button sequence will modify the convection.

MAIN
BOUNDARY CONDITIONS
ID BOUNDARY CONDS
ID BOUNDARY CONDS
THERMAL
NEXT
edges ADD
12:1 9:1
END LIST (#)
RETURN
ID BOUNDARY CONDS
ID BOUNDARY CONDS

(on)
(off)

(to edit the second boundary condition)
(Box Pick the right edges)

(on)
(off)

THER L] BT
Iu-w | mrw |— m
L BT - -
Lo |m |lIH1 BT bl
ATHROANY TN TIOH TVTE 1
TEI O FIRIFL AT f—
PO P
FOEE FLID 1 = =
HACE FLAES
WRLULERE FLE i — 1
o FDGE PR
FacE Fo 1)
FLASTE HEAT TERE FRATHIN
CORNECTIVE WILOCITY 1 1
[T |
- =
TRlLES I
G Al | AFl
_""i_E il ’
LLFES Al Il.lll Eﬁ ]
FEFACESR ﬁﬁﬂ_ 1
| —= -— S
i 4
BELEEA ¥
BETLHH L URDD | B | oA | FEL | nemerane s | TE | R | A un|w LT
WILE" | PLES | PO | vaew | T e LG 17 | T | K4 | HF H.I:] T

Figure 15-6 New Thermal Boundary Conditions
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Step 9

The next step isto create a new job and submit it. Thiswill prevent overwriting of the
previous post file. The following button sequence will do this.

MAIN
JOBS

NEW

HEAT TRANSFER
loadcases SELECT

Icasel

analysis dimension PLANAR
OK

CHECK

SAVE

RUN
SUBMIT 1
MONITOR

Step 10

The final step isto postprocess results of the second analysis. The following button
sequence will review the results.

MAIN
RESULTS
OPEN DEFAULT
CONTOUR BANDS
NEXT INC
NEXT INC
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Figure 15-7 Results for Structure without Fin
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Procedure File

| Version : Mentat 3.3
*alias action
*exec_p gen_i nage. proc
*action | figure 15.0 - dunmy
*action | figure 15.1 - dummy
|@0|0()
| step 1
I
@ush(meshgen)
@ush(coord_systen)
*grid u_domain
00.2
*grid_u_spacing
0. 05
*grid_v_domain
00.2
*grid_v_spacing
0. 05
*set _grid on
*fill _view
@op(1)
*add_surfaces
poi nt ( 0. 000000000000e+000, 0.000000000000e+000,
0. 000000000000e+000)
poi nt ( 5. 000000000000e- 002, 0.000000000000e+000,
0. 000000000000e+000)
poi nt ( 5. 000000000000e- 002, 1.500000000000e- 001,
0. 000000000000e+000)
poi nt ( 0. 000000000000e+000, 1.500000000000e- 001,
0. 000000000000e+000)
*add_surfaces
poi nt ( 5. 000000000000e- 002, 5.000000000000e- 002,
0. 000000000000e+000)
poi nt ( 1. 000000000000e- 001, 5.000000000000e-002,
0. 000000000000e+000)
poi nt ( 1. 000000000000e- 001, 1.000000000000e- 001,
0. 000000000000e+000)
poi nt ( 5. 000000000000e- 002, 1.000000000000e- 001,
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0. 000000000000e+000)
*set _grid off
@ush(convert)
*set _convert _divisions
36
*convert surfaces

1
# | End of List
*set _convert _divisions
32
*convert _surfaces

2
# | End of List
@op(1)

@ush(sweep)
*sweep_nhodes

al | _existing
@ush( pl ot _screen)
*set _points off
*set _surfaces off
*regenerate

*fill _view

@op(1)

*action | figure 15.2
@op(1)

I

| step 2

I

@ush(apply)

*appl y_nane

hot si de
@ush(apply_thermal)
*apply_type edge film
@et ($usersubfv, FI LM
@opup(therm edge_filmpm
*appl y_val ue h

750/ (3600* 144)
*apply_val ue tinf

2500
@opdown(t herm edge filmpm
*add_appl y_edges
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1:3 4:3 7:3 10:3 13:3 16:3

# | End of List

*new_apply

*appl y_nane

cool ant

*apply_type edge film

et ($usersubfv, FI LM
@opup(therm edge filmpm

*apply_val ue h

500/ (3600*144)

*apply_val ue tinf

1000

@opdown(therm edge_filmpm

*add_appl y_edges
3:1
6:1
19:
20:
21:
21:
24:
24:
23:
22:
15:
18:

#

@op(1)

*identify_applys *regen

*action | figure 15.3

*identify_none *regen

I@op( 1)

| step 3

I

@ush(mat _pr ops)

*materi al _type heat

@opup(mat _heat)

*mat eri al _val ue heat:conductivity

1.157e-4

@opdown( mat _heat)

PFEPNNMNNRPRPPOOO
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Procedure File

15-20

*add_material el enents
all _existing

@op(1)

I

| step 4

|

@ush( | oadcase)

@ush(| case_heat)

*| padcase_type steady_state
@opup(l case_heat steady_state)
@opdown(I| case_heat _steady_state)
@op(1)

@op(1)

@ush(j obs)

*j ob_cl ass heat

@opup(j ob_heat)
@ist(job_add_Icase_list,0)
@ist(job_remlcase_list,0)
*add_j ob_| oadcases | casel

*j ob_option dinen:two
@opdown(j ob_heat)
@ush(el emrent _types)

@opup(el type_pl anar_pm
*el ement _type 39

@opdown( el type_pl anar _pm

all _existing

@ush(fil e_screen)

@et ($file_browser_I| abel, SAVE AS FI LE)
@et ($fil e_browser _conmand, *save_as_nodel )
@opup(save_fil e_browser_popnenu)
@ist(save_file_browser_filelist,0)
@ist(save file_ browser _dirlist,0)
*save_as_nodel c¢15.nud yes
@opdown(save_fil e_browser_popnenu)
@op(1)

@op(1)

*updat e_j ob

@opup(j ob_run_popnenu)

*submit _job 1

*noni tor _job
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@opdown(j ob_run_popnenu)
@op(1)

@ush(resul ts)

*post _open_def aul t

*post _cont our _bands

*post _next

*post _next

*action | figure 15.4

| recapture the database
I
*post _cl ose
@ush(fil e_screen)
*rest ore_nodel
*reset
@op(1)
@op(1)
*alias action
*exec_p gen_i mage. proc
@ush( nmeshgen)
I
| delete the fin elenents
I
*edit _surfaces
*renove_el enent s

19 20 21 22 23 24
# | End of List
@ush(sweep)
*renove_unused_nodes
*action | figure 15.5
@op(1)
@op(1)
@ush(appl y)
*next _apply
@ush(apply_thermal)
*add_appl y_edges

12:1

9.1
# | End of List
*identify_applys *regen
*action | figure 15.6
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*identify_none *regen
@op(1)

@op(1)

@ush(j obs)

*new_j ob

*j ob_cl ass heat

@opup(j ob_heat)
@ist(job_add | case |ist,0)
@ist(job_remlcase_list,0)
*add_j ob_| oadcases | casel
*job_option di nen:two
@opdown(j ob_heat)
*save_nodel

*update_j ob

@opup(j ob_run_popmnenu)
*submit_job 1
*noni tor _job

@opdown(j ob_run_popmnenu)
@op(1)

@ush(results)

*post _open_defaul t

*post _cont our _bands

*post _next

*post _next

*action |figure 15.7
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