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Chapter 1  Overview

VisualFEA is an integrated software for finite element analysis, which is an
advanced numerical technique to solve and analyze physical problems arising in
many fields of science and engineering. Numerous commercial or academic
programs for finite element analysis have been developed and distributed all over
the world so far. However, most of them are not much accessible for many
potential users of the method, owing to various reasons: complexity of usage, high
expenses, restricted portability, functional limitations and so on. The main
objective of VisualFEA is to overcome such barriers between the user and the
software, and make itself easily accessible and affordable for everyone who needs
finite element analysis not only for practical use but also for educational purposes.
The greatest advantage of VisualFEA is its ease of use and user friendliness. Its
usage is simple, natural and intuitive for all the diverse and ample functionality it
provides. This makes the software most unique and attractive, because finite
element analysis involves complicated procedures, and accordingly finite element
programs in general are far from user-friendly.

Another advantage of the software is its functional integration. All the functions
necessary for finite element analysis are integrated into a single executable module
of VisualFEA. Thus, the whole procedure from preprocessing to analysis, and to
postprocessing can be completed on the spot without launching one program after
another, or without pipelining data from one program to another.

VisualFEA is a full-fledged software with many easy-to-use but powerful features
of finite element modeling. Its preprocessing capability includes the most
advanced 2 and 3-dimensional mesh generation techniques. Finite element
modeling is facilitated by new and creative methods of user interfaces devised in
this software. Its preprocessing capability is flexible and resourceful. VisualFEA
can process linear static, dynamic and nonlinear analysis of structures, and steady
state analysis of heat conduction. In addition, the software is open for external
solvers or processors so that they can be easily attached to VisualFEA and can
exploit its pre- and postprocessing capability.

VisualFEA has many useful and spectacular functions of postprocessing. The data
generated by the finite element analysis are visualized in various forms: contour,
isosurface, vector, animation, and so on. Furthermore, the model can be freely
split or transformed for more elaborate and understandable visualization.

Another uniqueness of VisualFEA is its educational capability. VisualFEA has a
number of functions which are useful for teaching and learning finite element
analysis. Many concepts and processes in finite element methods can be
understood easily by the aid of these educational functions.

VisualFEA is aimed for the masses in finite element method, ranging from serious
practitioners to students. VisualFEA will make the finite element method not only
a useful analysis tool but also a fun for many users.
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Finite Element Analysis and VisualFEA

The outline of finite element analysis procedure is briefly introduced, and
characteristics of VisualFEA usage are described in this section. The differences
between VisualFEA from other finite element analysis software are stressed in view
of their software constructions and modeling procedures.

Procedure of finite element analysis using VisualFEA

The whole procedure of finite element analysis can be processed consecutively by a
single executable module of VisualFEA. However, there is an alternative to split
the procedure into a few stages and process each stage separately using different
programs, especially employing external solver for main computation of the
analysis.

« Stages of finite element analysis

The general procedure of finite element analysis can be split largely into 3 stages:
preprocessing for preparation of modeling data, processing for assembly and
solution of the equations, and postprocessing for visualization of analysis results.

= Preprocessing: The stage of preparing input data for finite element analysis is
called “preprocessing.” The geometry of the finite element model is defined
in this stage. The attributes and the various conditions are also applied to the
model.
- definition of outlinesand surface primitives
- division of the outlines to adjust the density of the mode
- finite element mesh generation
- assignment of element properties.
- assignment of boundary conditions.
- assignment of load conditions (only for structural analysis).
- node number or element number optimization.
= Processing: This is the kernel of finite element analysis. The finite element
equations are assembled and solved at this stages, and thus, the analysis
results are obtained. This computational procedure is automatically handled
by the computer, and requires user interactions. The computation is carried
out in the following sequence.
- computation of element stiffness matrix and equivalent nodal forces
- assembly of system equations
- solution of the assembled equations
- recovery and smoothing of secondary variables
= Postprocessing: Postprocessing is the stage visualizing graphically the



Chapter 1  Overview 1-3

analysis results and presenting them in more understandable forms.
- additional processing or transformation of analysis results
- visualization of analysis results
- handling of various output

Some stages and procedures may be added or dropped depending on the analysis
subject and the project contents.

« Finite element analysis using VisualFEA

Finite element analysis systems are generally composed of separate programs for
each of the above 3 stages, and they are called preprocessor, solver and
postprocessor respectively. On the other hand, VisualFEA has all the components
integrated in one executable program. Thus, the whole procedure of finite element
analysis can be completed by a single execution of VisualFEA. It is not necessary to
pass the data from one program to another. There is only one data file for a project.
All the modeling and analysis data are stored to and retrieved from the file. Once
the file is opened, all data related with the finite element analysis are available for
internal processing.

In some cases, the stages are not clearly separated, but intermixed with each other.
It is possible to go back and forth freely between two different stages. In frame
analysis, for example, the computed results are displayed graphically right after its
geometry or attribute data are altered. In such cases, users can hardly distinguish
the stages.

The software and data constructions are compared between VisualFEA and other
programs. VisualFEA has a monolithic construction for both software and data,
while most of other programs have complex constructions with multiple programs
and a number of data files. Such a simple construction makes usage of VisualFEA
simple and efficient.

VisualFEA Preprocessor Processor Postprocessor

Preprocessing Processing Postprocessing Preprocessing Processing Postprocessing

Y 1 \ / A
y
VisualFEA data file I . Analy5|s_ Displacement file
Input data fle [__Suessfe |
Geometric ° .
modeling file .
Principal dir. file
intuitiveFEM Other finite element softwares

< Comparison of software and data construction >
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=« Mixed use of VisualFEA and external solvers

Although the entire procedure of finite element analysis can be completed by a
single execution of VisualFEA as described above, there is an alternative
procedure in which an external solver is used together with VisualFEA .
VisualFEA has powerful pre- and postprocessing capability, but can handle only
relatively limited types of analysis. Therefore, it is sometimes desirable to
accomplish pre- and postprocessing using VisualFEA, but adopt an external solver
for analysis. In this case, input data for the analysis is created by VisualFEA, and
supplied to the external solver, and the results computed by the solver are again
retrieved to VisualFEA for graphically visualization. If existing third party
software is used, an additional program for data interface between VisualFEA and
the solver may be necessary. In case the solver is developed by the user, the
computed results may be written directly in the VisualFEA file, so that neither
extra files nor interface data files are necessary. The data interface with external
solvers is described in detail in Chapter 10.

Creating a finite element model using VisualFEA

A finite element model designates an aggregate of data as a subject of finite
element analysis, and typically consists of the following data items:

= node data : node identification, nodal coordinates

= element data : element-node relations, connectivities

= attributes : element properties, integration rule

= boundary conditions : boundary constraints, initial states
= external effects: applied forces, temperature

The above items are in fact the input data items used at the processing stage. There
are other data items which are necessary only for pre- and postprocessing purposes
in VisualFEA.

A finite element model is completed by creating nodes and elements and assigning
attributes, boundary conditions and external effects.

=« Node and element data

The geometry of a finite element model is defined by nodes and elements in
VisualFEA. An element has a specified number of nodes. The node-element
relations are established as a part of a finite element mesh. Some nodes are created
by dividing curves used as a seed for mesh generations, and the others are created
by mesh generation.

There are line elements for frame analysis, surface elements for plane or shell
analysis, and volume elements for 3-dimensional solid analysis. Line elements are
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created by dividing a curve, or by direct line drawing. Surface elements are
created by surface mesh generation. A surface mesh is generated using boundary
curves or seed curves. Volume elements are created by volume mesh generation
which are usually derived from surface mesh.

A mesh has a hierarchical structure in VisualFEA. The hierarchical construction of
a mesh is schematically represented in the following figure.

divided - boundary - surface - volume

int = curve —»
point curve curve curves mesh mesh

T

— v
e e T
4 |
nodes elements | Y
(line) | N,
. ¥

nodes elements
(surface)

elements
(volume)

< Hierarchical construction of line, surface and volume elements >

» Other data assignment

A finite element model is geometrically embodied by nodes and elements. But it is
not complete unless proper data are assigned to nodes and elements. The finite
element model becomes ready for analysis, only when the following data items at
least are assigned, depending on the analysis subject.
= structural problem: element properties, boundary conditions( initial
displacements), load conditions.
= heat transfer analysis: element properties, heat boundary condition.

Visualizing analysis results using VisualFEA

The data obtained as the result of finite element analysis are very extensive, and
therefore can hardly be grasped unless they are graphically visualized. VisualFEA
has a number of functions to visualize the analysis results by graphical image.
There are two types of images. One is surface images for 2 or 3 dimensional
continua, and the other is diagram images for trusses and frames. The continuum
data can be split into two types: scalar data which have only magnitudes, and
vector data which has directions as well as magnitudes. Different methods of
visualization are applied depending on the type of the data.

Visualization of analysis results is the most spectacular part of VisualFEA.
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= Visualization of scalar data

Stresses, strains and temperatures are examples of scalar data obtained from finite
element analysis. The most widely used method of visualizing scalar data is
contouring. The data distribution is represented by a number of contour lines or
bands. However, contouring is limited to representing the data on planes or
surfaces. Data distribution within 3 dimensional volumes cannot be represented
directly using contours, but can be visualized properly with the aid of volume
visualization tools. Volume visualization can also be achieved by iso-surface
rendering. There are other methods of visualizing scalar data such as graph and
level surface representation.

« Visualization of vector data

Examples of vector data are displacements, reaction forces, heat fluxes and
principal directions. The most widely used method of visualizing vector data is
arrow representation. Different types of arrow representation are available for
planes, curved surfaces, or 3 dimensional volumes. Vector data like displacements
can be represented effectively by deformed shape of the model.

= Visualization of truss and frame data

The analysis results of trusses and frames are best expressed by diagram images.
Member forces such as bending moments, shear forces and axial forces are
represented by diagrams. Diagrams are drawn in continuous curves to represent
the variation of the values across the frame members.
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Framework of VisualFEA

Functions of VisualFEA can be classified largely into 5 groups in relation with
various stages of finite element analysis : basic user interface, preprocessing,
processing, postprocessing and educational aids. The functions of each group are
split into a number of sub-groups by their relationship and similarity. The
framework of VisualFEA has been designed on the basis of this grouping, and the
tool palette and menu commands are also arranged as such. The contents of this
manual are also written largely following the framework.

Basic user interface

Functions of basic user interface are those related chiefly with basic usage of
VisualFEA, such as inputting geometric data, setting work environments,
interactive viewing control, file handling and other functions related to model
handling.

« Project and file

Functions of this category are related with project and file such as starting and
quitting VisualFEA, and opening, closing, saving files, printing, setting preferences
and so on.

= Starting and ending VisualFEA
= File opening, closing, saving

= Printing

= Preference setting

=« View control

View control functions handle the view of finite element model rendered on the
screen. The screen view of the model can be controlled interactively. The user can
also set the rendering modes and states as desired.

e Zoom in/out (instant zoom, gradual zoom), fit-to-window, rubber-band
zoom

= Panning, scrolling, centering

= View rotation (by virtual trackball, by bounding box), setting view direction

= Perspective/parallel projection

= Mono/stereo projection

= Setting light source

= Hiding and showing specified objects

= Aerial view
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» 3-D geometric data input system

The 3-dimensional grid and cursor system in VisualFEA is implemented as a
highly user-friendly and effective way of inputting 2 and 3-dimensional geometric
data. These functions are related with inputting the geometric data and setting the
grid and cursor system.

= Setting grid, grid on/off, moving grid planes, resizing grid planes, sub-grid
= Simultaneous keyboard/mouse input conversion

= Snap mode on/off( to node, to grid point, to control point, to curve end)

= 3-Dcursor

= Model selection and control

Various objects composing a finite element model need be selected for various
reasons. The following functions are provided for selection, modification and
other operations of the model and its component object.

= Selection of curve, element, node, surface mesh, volume mesh, surface
primitives

= Curve-curve intersection, surface-surface intersection

= Projection, duplication, mirroring

= Reshaping curve and surface primitive

= Moving, resizing, rotating mesh

« Model rendering

The finite element model can be rendered in a few different forms chosen by the
user. This rendering modes can also be applied for displaying the analysis results
such as deformed shape. VisualFEA supports the following rendering modes.

e Wireframe

< Hidden line removed wireframe
= Shading

= Transparency shading

< Outline-only display

< Broken mesh

Preprocessing

Preprocessing functions are to create, edit and check the modeling data necessary
for finite element analysis. The data are constructed in a few steps: creation of
boundary curves and surface primitives, mesh generation and data assignment.
The preprocessing functions are sub-grouped based on these steps.
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« Curve and surface primitive modeling

To construct the geometry data of finite element analysis model, curves and surface
primitives must be created first. They are used as constraining objects for mesh
generation. There are several types of curves and surface primitives as listed
below. Each type is associated with an independent function activated by a tool
command, and has a number of options which appears as items in the
corresponding menu.

= Straight line

= Circle/circular arc

« Ellipse/elliptic arc

= Parametric curve: cubic spline, B-spline, Bezier, polynomial
= Segmented curve

= Sphere

e Cylinder/cone/truncated cone

< Torus

= Parametric surface: plane, B-spline, Bezier surface

There are also functions related with devising curves which is necessary for mesh
generation.

« Mesh generation

The functions of mesh generation are the most sophisticated, and the most
important part of VisualFEA. Each of the mesh generation methods is associated
with an independent menu command. The methods are classified into a few
groups based on the type of user interaction and the type of generation algorithm:

= Automatic mesh generation
- Planar mesh by triangulation (triangular , quadrilateral , or mixture )
Surface mesh by triangulation (*“)
Triangulation on surface primitives(*)
Tetrahedronization of volume(4 node or 10 node tetrahedron)
= Coordinate mapping
- Surface mesh by 2 edge mapping (lofting)
- Surface mesh by 3 edge mapping (triangular mapping)
- Surface mesh by 4 edge mapping (transfinite mapping)
- Volume mesh by 9 edge mapping
- Volume mesh by 6 edge mapping
- Volume mesh by 12 edge mapping
= Sweeping
- Extrusion
- Translation
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- Revolution
- Twisting
= Mesh Editing
- Dragging node
- Remeshing
- Crack tip element

» Data Assignment

A finite element analysis model is completed by assigning necessary data to nodes
and elements. There is an independent function to assign each type of data. The
data can be assigned, removed, edited and checked interactively. There are also
independent auxiliary functions related with data assignment.

= Boundary condition
- Fixity defined in local or global coordinates
- Initial displacement
- Spring defined in local or global coordinates
= Element property
- Material property
- Type definition (for mixed structures)
= Load condition
- Nodal, point, uniform, trapezoidal, parabolic, moment, body force,
hydrostatic
- Thermal load, self-straining
- X,Y,Z axis direction, normal direction, tangential direction
- Load combinations
= Dynamic motion
- Displacement
- Velocity
- Acceleration
- Nodal dashpot
- Nodal mass
= Member joint
= Heat boundary condition
Temperature
Heat flux
Heat source, sink
Convection
= Seepage boundary condition
- Open head
- Confined head
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- Flux
- Nodal source
- Initial water table

« Others

Various objects created in preprocessing stage can be manipulated by object
operations as listed below. Node and element numbering can also be optimized to
improve the computational efficiency of processing. The procedures can be done
prior to processing.

= Object operations
- Duplication
- Mirroring
- Rotation
- Scaling
- Projection
< Number optimization
- Node number optimization
- Element number optimization

Processing

Processing is the kernel of finite element analysis. Processing does not require user
interaction and proceeds with various stages of computing element equations,
assembling system equations, solving them, and executing other related
computations. The solver of VisualFEA can process structural analysis and heat
conduction analysis.

= Structural analysis

VisualFEA can process the following types of elements. Different types of elements
can be mixed within a project. The computed results includes displacements,
stresses, strains, bending moments, member forces and etc. Actual items vary
depending on the analysis subject.

= Plane stress/strain
= Axisymmetric

« Plate

< Shell

< 3-Dsolid

e 2-Dtruss

e 3-Dtruss



1-12

Chapter 1  Overview

e 2-D frame
e 3-D frame
« Interface
< Embedded bar

The current version of VisualFEA can process the following types of structural
analysis:

= Material nonlinear analysis
« Dynamic analysis

= Sequential analysis

= Adaptive analysis

Multiple load combinations can be supplied as input data, and the results of
arbitray combination can be obtained.

» Heat conduction

VisualFEA can process stead-state heat conduction analysis in 2 or 3 dimensional
space. Temperature distribution and heat fluxes are obtained as the analysis
results.

e 2-Dplane
= Axisymmetric
e 3-D volume

= Seepage

VisualFEA can process unconfined ground water model, termed here as seepage
problem. Open or confined head boundary conditions, initial water tables can
defined and assigned to the model. The analysis results include water head
distribution, pore pressure, phreatic surface, flow path, velocity and discharge.

e 2-D seepage
= Axisymmetric
« 3-D volume seepage

Postprocessing

Functions of this group are used for graphically visualizing or further processing
the computed results of the analysis to facilitate their interpretation and
understanding. Data in a 3 dimensional volume are effectively visualized with the
aid of volume visualization tools. There are also other functions for handling and
printing the visualized images.
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« Data visualization

VisualFEA can visualize the data in various forms as listed below. The most
appropriate form of visualization can be determined in consideration of the spatial
dimension and other characteristics of the data. Two or more methods may be
used together to represent two or more data items in a single image.

= Contour

« Graph

= Diagram

= Data level surface
« Iso-surface

= Vector

= Deformed shape
= Nodal resultants
< Animation

= Visualization aids

There are tools to produce more effective visualization of 3 dimensional data.
Volume visualization tools are useful for visualization of data inside 3-dimensional
volume. These visualization aids can be set interactively as desired, and are used
to cast the images.

« Parallel planes
= Cross planes
= Slicing

= Capping

» Image handling

The images visualizing the data are sometimes necessary to be stored or retrieved
for later reviewing or processing such as overlaying with other images. Screen
capturing is also an efficient and simple way of exporting the image to other
software.

= Saving image

= Reading image

= Overlaying image
= Capturing image

« Printing

The text of the computed results as well as their graphic images visualized on the
screen may be printed in hard copy. The quality of the printed image depends on
the color capability and the resolution of printer.
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e Text
= Screen image

« Others

The contour band can be marked in more detail up to the screen resolution. The
data value can be obtained at any point within the model by specifying the
coordinates of the point in 2 or 3 dimensional space.

e Contour marking
= Data sampling in 2-D or 3-D space

Educational aids

VisualFEA has functions for education in finite element analysis and in structural
mechanics. These functions can be used as a tool helpful for teaching and
understanding various concepts of finite element analysis and structural
mechanics.

« Element stiffness computation

The contents of the element stiffness matrix and other related computation are
expanded either in texts of numerical data or in symbolic expressions. The
information is organized in hierarchical tree form, and can be expanded
selectively.

= Hierarchical expansion of the information tree

= Matching with the global stiffness matrix

= Toggling numerical expression and symbolic expression

= Real time update of element stiffness information in response to geometry or
other assigned data of the model.

« Assembly and solution process

These functions allow the user to examine interactively the procedure of
assembling and solving the system equations in a few different forms: full square
matrix, upper triangular matrix, band matrix, skyline assembly and frontal
solution form. There are functions to display or animate interactively the
assembly and solution process of the system equations.

= Manual display of assembly procedure in the order of element numbering, or
in the order specified by the user

= Animation of assembly and solution procedure

= Toggling text and graphic mode

= Matching the part of the model and the part of the matrix
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= Displaying the overall status of the system equations
= Matrix partitioning, decomposition, back substitution

« Shape function and interpolation

These educational functions are to visualize graphically the shape functions and
their derivatives employed in the finite element modeling. Various characteristics
and behavior of interpolation models can be examined interactively. They can be
used as a training tool in teaching or learning the concepts and the behavior of
element modeling.

= Creating an interpolation model

= Assigning nodal values to the interpolation model

= Displaying a shape function or interpolated values

= Displaying derivatives of a shape function or interpolated values

= Sampling the numerical value at a specified point or integration points
= Setting rendering modes of shape functions and their derivatives

= Manipulating the view of shape function display

« Eigen mode

The eigenvalues and eigenvectors of the stiffness matrix can be interpreted as a
strain energy and corresponding displacement mode, respectively. An eigenvector
can be graphically visualized as a displacement mode. The characteristics and the
validity of an element can be examined by such a display. The meaning of
eigenvalues and eigenvectors can be explored through interactive manipulation of
eigen mode display.

= Creating a stiffness model for eigen mode display

= Animation of eigen modes

= Contouring strain-equivalents of an eigen mode

= Changing integration order and instantly updating eigen modes
= Displaying integration points

= Setting rendering modes of eigenvector

= Manipulating the view of eigen mode display

« Stress recovery and smoothing

Solving the finite element equations gives the values of the primary variables such
as displacements in structural analysis or temperatures in heat conduction
analysis. Stresses, strains, or heat fluxes are the secondary variables computed
from the primary variables. The secondary variables are usually obtained first at
integration points and then evaluated at nodal points. This process is called “stress
recovery and smoothing.” VisualFEA has an educational function to simulated
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and visualize graphically the stress recovery and smoothing procedure. The
computational aspects and characteristics of the procedure can be studied and
understood easily using this educational function.

= Simulating the procedure of stress recovery and smoothing

= Getting details of stress and strain computation

= Comparing the methods of stress smoothing

= Examining intermediate results of stress recovery and smoothing

« Adaptive analysis process

VisualFEA has the capability of adaptive analysis, and has an educational function
to visualize this process. Intermediate stages of the adaptive process can be saved
and visually reproduced for step by step examination under user's control. This
function is intended to help understanding the principles and methods of adaptive
solution procedures.

= Animation of adaptive mesh refinement process

= Comparing computational error and mesh refinement density

= Examining the distribution of energy norm error

= Manipulating the visualization of adaptive process

= Structural behavior

Structural behavior of trusses and frames can be examined by displaying the real
time responses to any modification in the structural model. Structural responses
such as deformation and member forces are updated immediately after the
geometries, element properties, boundary conditions, or load conditions are
changed. Thus, the relation between variations in modeling data and their
responses can be examined interactively, and this will help understanding the
structural behavior.
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Chapter 2 Basic User Interface

VisualFEA is a cross-platform software, which supports both Mac OS and
Windows system. VisualFEA is based on the standard user interface of each
operating system, and thus has native look-and-feel for each of them. Menus and
tool buttons are used to issue commands for various functions, but they have
separate and independent roles in VisualFEA, while menu and tool commands are
usually overlapped in most of other software.

For ease and simplification of usage, all the functions are integrated in one
executable module, and all the data for modeling and visualization are contained
in one data file. Thus, the entire procedure of finite element analysis can be carried
out using only one program and one data file.

VisualFEA provides 3-dimensional graphical user interfaces for inputting
geometric data, viewing, and handling objects. Grid planes are used for
convenience of inputting coordinates. There are 3 orthogonal grid planes, XY, YZ
and ZX planes. The grid planes can be moved, resized, or subdivided as desired for
data input. In addition to this, a user can define grid planes in arbitrary direction
and at arbitrary position. Three-dimensional cursor is also available as another aid
for inputting 3-dimensional coordinate data. An arbitrary point in 3-dimensional
space can be set easily using the cursor.

View of the model on the screen can be controlled and adjusted interactively either
using the mouse or keyboard input. There are various tools for view
transformation including view rotating, zooming and panning. In addition, the
direction of view or the part of zooming can be specified directly. Usage of these
tools is simple, intuitive, and easy. For example, the view can be rotated by virtual
trackball, as if an actual ball were rolled by a finger. The aerial view gives the
overall view and facilitates handling of a large and complex model, only part of
which fills the whole screen. A desired view can be obtained by combined use of
the view transformation tools. A certain view can be marked, saved, or imported.
The model can be rendered in various forms: wireframe, hidden-line removed
wireframe, outline, and shading with or without transparency.

A finite element model in VisualFEA consists of various objects: curve, primitive
surface, node, element, and mesh. There is a selection tool for each type of object.
Objects can be selected in 3-dimensional space using the relevant selection tools.
Depth of the model or front-and-back relationship is recognized in object selection.
There are many other CAD-like features of VisualFEA, which makes the software
all the more convenient and easy to use. They are explained in detail in this
chapter.
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Basic Elements of User Interface

There are 4 basic elements of user interface with the software: menus, tool buttons,

windows and dialogs. The interactions between the user and the computer are
taken through one of these elements. Menus and tool buttons are usually used to
issue a command starting or executing a function. Windows and dialogs are used
for inputting and visualizing data.
The following figure shows a state of VisualFEA under which all the 4 elements are
displayed on the screen. There are a number of tool buttons on the tool palette.

Menu consists of a menu bar and pulldown menus. A pulldown menu has a
number of menu items. Only the main window is shown here, although there are
several other windows which appear for certain functions. A type of dialog is
shown. But, there are a few other types of dialogs. These are described in more

detail in the next section.
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< Basic elements of user interface (Mac OS version) >
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Mac OS and Windows versions

Although Mac OS and MS Windows versions of VisualFEA are working with
native processing and with native look-and-feel under respective operating
systems, both versions have the same functions with the same usage. The user
interfaces of the two operating systems are slightly different in their nature, shape
and behavior. And not all the elements of the two have one-to-one equivalence.
However, all the menus, tool buttons, windows and dialogs of the two versions are
arranged in as much similar fashion as possible. The figures shown in this and the
left pages illustrate one-to-one equivalence of the two versions.

In order to avoid overlapping, the illustrations are presented with only the Mac OS
version for the rest part of this manual unless there are any worth-mentioning
differences between the two versions.
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Menu and tool button

There are two types of user interfaces to launch or execute functions of VisualFEA:
menu and tool button. They are used in most software with graphical user
interfaces. Therefore, it is not necessary to explain what they are. Instead, it is
worth mentioning that their characteristics and roles in VisualFEA are distinctively
separated. Menu is generally used to start or execute a single operation, while tool
palette is used for sustained operation. For example, intersecting two curves is a
function achieved by one time execution, and is activated by selection of a menu
command. On the other hand, creating a spline curve is a sustained operation
requiring a continuous input, and thus launched by clicking a button in tool
palette.

Roles of menu and tool palette are completely separated. That is, no menu
commands and tool button commands are overlapped with each other. However,
a tool palette command may be launched while a menu command is being
executed, and vice versa. In fact, tool button and menu commands are separated
chiefly in order to enable activation of multiple functions at the same time.

« Menu

Menu consists of a menu bar and pulldown menus. The menu bar has a number of
head menu items. The menu bar items are changeable depending on the command
in action, but the following items are always shown:

- File: m menu has items related to opening, closing, saving, and printing
files. This menu also has commands for getting information or updating the
status on the current file.

- Edit: menu has editing commands including duplicating, intersecting
and linking objects. There are many other commands for inputting and
editing data.

e View : menu has commands related to grid setting and view
transformation of the main window.

« Render : IEXXEA menu has the options related to the method of rendering
the model, and the method of view projection.

e Divide : menu has the command to divide curves for mesh
generation, and items to set curve divisions and weights.

e Mesh : m menu has the commands to generate surface and volume
meshes by various mesh generation schemes.

= Assign : menu has the commands related to assigning attributes
and various conditions to the model.

* Solve: has the command to execute the finite element analysis of the
model. The menu also has other items related to finite element processing
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and education of finite element method.
= Postpro : menu has the items related to visualization of the
analysis results.

A menu command is issued by choosing the corresponding menu item. There are
menu items with alternative commands, which can be invoked by pressing option
key when choosing the menu item. Some menu items are disabled when the
command cannot be issued. Some items have a submenu which also has menu
items.

= Tool button

The tool palette contains buttons and editable text boxes. Various functions or
commands are executed or launched by pressing one of these buttons. The
selected button is highlighted for indication of its pressed state. Always one and
only one button is highlighted. There are 6 parts in the tool palette as follows:

O — - Input tools: create curves or primitive surfaces by inputting the coordinates of their
control points.

— e« Selection tools: select objects including curves, primitive surfaces, nodes, elements,
and meshes.

— e Obiject operation tools: do various operations such as reshaping, moving, rescaling,
or rotating the selected objects. Visual aids such as contour marks, parallel planes,
cross planes, or cutting planes can also be set by using one of these tools.

— = Grid tools: manipulate the grid system. Each one of the xy, yz, and zx grid planes
can be moved, resized, or turned on and off by using the grid tools. Three
dimensional cursor may be popped, and be set at the desired location in 3-D space.

— = View transformation tools: change the view of the models in 3-dimensional space.
Virtual trackball to rotate the view direction, zoom dial to zoom in or out, and instant
zoom buttons are included.

2 1

i 113

Coordinates | | e Data edit texts: are used for keyboard input of coordinates, angles, and other digital
(9 values relevant to the action in progress.

¥|25

7|0

The tool buttons are displayed in one of the following 3 states:

« Pressed button : The command associated with this button is now in action. There
is always one and only one pressed button in the tool palette.

= Active button : This button is not pressed, but can be pressed to launch the function
associated with this button.
= Inactive button : This button is disabled, and can not be pressed.

Activation and deactivation of the tool buttons are automatically determined by
VisualFEA, as appropriate for the current state of action.
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Window and dialog

Window and dialog are another elements of user interface. Their characteristics are
different from those of menu and tool button described in the previous section.
Window and dialog are the media for data input and output, while menu and tool
button are the means of issuing commands.

=« Window

Window is the work area for modeling as well as for visualization. User
interactions such as inputting model data take place within the window, and the
image of the model and the analysis results are also displayed in the window.
There are two kinds of windows: the main window and auxiliary windows. There
is only one main window, and the main window is always opened while a process
is going on. The main window has a title identical to the name of the file currently
opened. There are a number of auxiliary windows. Each one of them is associated
with a certain function, and opened only while the function is being used. An
auxiliary window bears the title identifying its function. Auxiliary windows are
shown always in front of the main window. Closing the main window closes the
file in the current session. On the other hand, closing an auxiliary window
terminates the function associated with the window. Terminating the function will
also close the auxiliary window automatically.

name of the file  name of the function

|
O—————qroundlon———————[/5

10. 000 Contour: Tempara ture E
O=——=<urvePlot ——HH
9.500

1.000e+01

—_—

Q.000

2.500 auxiliary window

7. 645e+00)

5. 000e+00¢

main window

< Main window and auxiliary window >
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« Dialog

Dialog is similar to window, but different in its function. Dialogs are usually used
for numerical data input or selection of options, while windows are used for
graphical data input. A dialog has one of more item for user interaction, which can
be classified into the following types:
= Radio buttons: occurs in groups. They are mutually exclusive. Exactly one
button in the group is on at any given time.
= Check boxes: act like toggle switches. Use check boxes to indicate the state
of an option that must be either on or off. The option is on if the box is
checked.
= Editable texts: are used to input string or numerical data.
= Push buttons: are labeled with text. Pressing a push button performs the
action described by the button's label. There is one default button which can
be activated by pressing key (Windows : key). The default
button is visually distinguished from the other buttons by its thick outline.
= Popup menus: are use for setting values or choosing from lists of related
items. Popup menus are used only in the Mac OS version.
= Drop-down list box: are used only in Windows version and equivalent to
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A menu item opening a modeless|

popup menus of Mac OS version.

There are two types of dialogs : modal dialog and modeless dialog. Modal dialog
is the one which demands exclusive input to the dialog. In other words, any other
action cannot be taken except responding the dialog, while the dialog is open.
Modeless dialog does not require exclusive response. Thus, modeless dialogs are
used for sustained operation, such as mesh generation for example. Any action
related with mesh generation can be taken while the dialog is open to receive user
input.

A modal dialog is usually opened by a menu command ending with ellipsis(...),
and closed by clicking a button such as [__0K. | or [€ancel ]. A modeless dialog is
opened by a menu command without ellipsis, and closed by clicking the close box
in the dialog, or terminating the associated function. Certain dialogs are opened by
tool button commands. Functions with a modeless dialog always take sustained
operations.

[ Postoro I
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Open Image... Arrow Rendering

gavte Ima:ge... > @ Line arrow on surface
RIHRS Wik (J Line arrow in 3-Dvolume

Selecting a menu item with ellipsis opens a modal dialog.

dialog does not have ellipsis. Flay Animation.. (3 Solid arrow on surface
Make Animation... 2 Solid arrow in 3-Dvolume
Click this box .
to close the modeless dialog. Show Scale Surface Rendering
| y & Wireframe ) Opague
Dynamic Response —"——H i Transparent 3 Outline ) None

@ Spatial coordinates [m [« ] @] ste Placement Focus
(2 Modal coordinates Scale {3 Starting point @& Mid point 3 End point

[Displacementin‘f

Arrow Head

{3 None () At starting point @ At end point

Ze-E6
2e-B6
1e-@6

-1e-66
—-2e-85
—3e-66

T T ; . . ; Length I:l Thickness I:I
. sample out of D

AN [ ok | [ cancel |

Click one of these buttons

to close the modal dialog.

1
@.1 8.z B.3 8.4 8.5 8.5 A modeless dialog cannot be

Time

moved or resized.

A modeless dialog can be moved or resized.

< Comparison of a modal dialog and a modeless dialog >



Chapter 2 Basic User Interface 2-9

Project and File

A “project” implies a finite element analysis session with a specific modeling and
analysis data set created by VisualFEA. The data set for a project is stored
completely in a single file. This file is termed here as VisualFEA file or project file.
A project can be closed and resumed by saving and opening its project file.

Visual

FEA can work with only one project at a time.

Working with a project

To work for a project, launch VisualFEA, and start a new project or open an
existing project file. Then, a finite element analysis model can be created,

modif

ied, solved, or visualized. The modeling and analysis data worked for a

project are saved on user’s request or sometimes automatically for later use.
Project and file related commands are provided in [[ZIEll menu of VisualFEA.

| Start a new project

- Open an existing project file
| Import data from an external file
—— Close the current project

Save the project file
Save a new project file or save the project file with new name
- Create a text list of the modeling and analysis data

Setup the project
- Update the file status
L Get information on the current project

Setup the page for printing
L Print the screen image or text

[AE]
MNew... #EN
Open... #0
Import... 1
Close =W
Save ES
Save As... =
Save As Text... —
Project Setup... -
LUpdate File $tatus 3L
Get Info L
Page Setup... —
Print P
Quit #EQ

- Quit the program

« Launching VisualFEA

Visual

FEA can be started by double clicking either VisualFEA icon or a project file

icon. The data file name has extension .mtr for Windows version. In case a project

file is

double clicked, the file is opened with the launching of the software. This

can also be achieved either by clicking one of those icons or by choosing “Open”
command from Finder’s [[Ef menu.

W W MM

UisualFEA SampleD ata Sarnple,img Sarnple, ani

VisualFEA icor project data icor image data icor animation data icor

< Icons (Mac OS version) >
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« Starting a new project

After VisualFEA is launched, a new project can be started by choosing “New...”
command from I menu. “Project Setup” dialog appears on the screen for
defining the analysis type of the project.

Project Setup
—Structural Analysis —
@ Plane stress O Coupled Analysis
() Plane strain
Q3 Axisymmetric —Heat Analysis
(2 Plate bending (3 2-D plane heat
3 Shell . O Axisymmetric heat
@ 3-Dsolid ) 3-Dvolume heat
() 2-Dtruss .
Transient
() 3-Dtruss O
() 2-Drigid frame
(2 3-Drigid frame — Seepage Analysis
() 2-Dplane seepage
[ Material nonlinear 3 Axisymmetric
[ Geometric nonlinear ) 3-Dvolume seepage
[ Dynamic
O sequential [ Transient

Cancel I

< *“Project Setup” dialog >

Select the analysis subject using the radio buttons, and set the analysis options
using check boxes in the dialog, and click button. Then, the main window
is opened and is filled with a grid at its initial state.
There are 3 categories of analysis subjects: structural analysis, heat conduction
analysis and seepage analysis. Structural analysis can be coupled with either heat
analysis or seepage analysis. Check the "Coupled Analysis" box to initiate the
coupled analysis mode. In this case, one subject from structural analysis and
another subject from the coupled category should be selected. In the case of
uncoupled analysis, only one subject should be selected from all categories.
There are 5 options for structural analysis:

= linear static : Uncheck all the check boxes.

= material nonlinear: Check the "Material Nonlinear" box.

= geometric nonlinear: Check the "Geometric Nonlinear" box.

= dynamic: Check the "Dynamic" box.
sequential: Check the "Sequential" box.
There are 2 options respectively for heat conduction and seepage analysis:

= steady state : Uncheck the check box.

= transient: Check the "Transient" box.
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« Opening a project file

A previously saved project file can be opened and worked for further modeling,
analysis or visualization. To open a project file, choose “Open...” command from
I menu. Then, “file opening” dialog appears on the screen. Using this dialog,
browse and select the file to open, and click button. The file is opened and
the finite element model in the file is restored on the screen just as it was when the
file was saved.

Open file

= Macintosh ...
Gosven =
& assemble
& Gear
& Gear.mtr g ——
8 e
& Surfan1

< “Open file” dialog (Mac OS version) >

Open
Look jre [ 3 VisualFEA =l =N
30wt
planestress. mir
SeepageZD.mir
Seepage3l.mir
shellex.mbr
File name: || Open I

Files of type: | intuitiveFEM files £ mir}

™ Open as (ead-only

j Cancel |
(4

< “Open” dialog (Windows version)>

« Importing an external file

Data can be imported from an external file.

= VisualFEA file: Another project file with extension "mtr". Modeling data
including geometry, attribute assignment, load conditions, etc. can be imported from
an other project file. The analysis results cannot be imported. The analysis subject of
the file being imported should be the same as that of the current project.

< AutoCAD DXEF file: A file with extension "dxf". Geometries can be
imported from a DXF format file created by AutoCAD.

= Text file: A text file with extension "txt". You may write geometric data in a
text file, and import the data from an VisualFEA project.
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Importfile
B Desktop | = Macintash HD
= Macintosh HD %
e
Boo
B S
&2
a3 =
& ]
File type intuitiveFEM File
Text File .
Mac Os Version:

AutoCAD (dxTt) file

Select the type of file to impor
using the popup menu.

Open
Look jr: Ia DrawingFiles | gl E

30t testFile. duf
3D drawing. dsf

drawing. dx=f

Gear.duf

plate. dxf

Surface. df

File: name: Surface Open I

Files of lype: | AutoCaD files §* dxft ﬂ Cancel |
intuitiveF EM Ales £ mitr}

Windows Version:
Select the type of file to impor
using the drop-down list box.

4

<*“Import file” dialog>

« Closing the project file

A project file need be closed to quit VisualFEA or to start another project. A project
file can be closed in a few different ways:

« by selecting “Close” command in [ menu.

= Dby clicking the close box on the top left of the main window.
= by quitting VisualFEA.

= by opening another project file.

Any one of the above actions request closing of the currently working project file. If
the file has been modified or solved since last saving, you will be asked whether to
save the file before closing.

« Saving the project file

After working with a project, the project file is updated with the modified data by
choosing “Save” command in menu. The “Save” item in the menu is
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enabled only when the data have been changed since last opening or saving the
file. If the project is a new one with no existing file, it will work in the same way as
“Save As...” command described below.

« Saving the file with a new name

To save the currently working data in a file other than the current project file,
choose “Save As...” command in I menu. Then, “file saving” dialog appears.
The file name is initially given as “untitled” in the dialog. The name can be
changed to the desired one. The data is saved in the file by clicking
button.

« Creating a text file with the list of modeling and analysis data

The data of a project can be viewed in text format by creating a text file with
extension "txt". Choose "Save As Text" item from [ZIl menu, and open the file
using a text editing program.

TITLE: untitled

AHALYSIS TYPE: Structural Analysis (2-dimensional Frame)
SOLUTIOH TYPE: Dynamic
FROELEM S1ZE:

Humber of nodes

Humber of elements

Total degrees of freedom
Structure boundary cond.
Heat boundary cond.
Humber of property zets
Humber of load cond.
Humber of dygnamic mation
Humber of temperatures

D@ == @ =W R

MODAL COORDIMATES AMD EOUMDARY COMDITIOMS:

Hode #———— Coordinates ————% * B.C.#*
Ho . Set Ho
1 & . a0aa o, aeaa 1
2 6 . BEEa 18 . 0@8E -

2 16 . Baan 12 . 0aa6 -

4 16 . BE8E 9. BEEa 1

FIMITE ELEMEWTS

AHD THEIR PROPERTIES:

Elem. Elemznt Frop. Temper #—— Hode Humbers —
Ho Type Set Set
1 FRAMEZD 1 2
2  FRAMEZD 1 3
2  FRAMEZD 1 - 4
EOUMDARY COMDITION SETS:
Set Ho. u W _seta —_—
“——______1___ B . BABe+EE X }73;8@39*“’ -

< An example of text list >
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« Setting the project’s analysis subject

The analysis subject is defined at the beginning by “New...” command, but can be
altered in the middle of working with the project. Choose “Project Setup...”
command from [ZE menu. Then, “Project Setup” dialog appears as in the case of
“New...” command. The analysis subject can be defined using the dialog.

« Updating the file status

Some of the menu items are enabled or disabled depending on the status of the
project file, especially whether the file contains the analysis data. Therefore, it is
sometimes necessary to check whether the file has been updated with analysis data
by an external solver since it was opened for the currently working project. This
can be achieved by choosing “Update File Status” command.

« Setting up page for printing

Page setup for printing is done with standard “Page Setup” dialog.

« Printing

In order to print the screen image or text of the project file, choose “Print”
command. If there are more than one windows on the screen, the image in the
front most window will be printed.

» Quitting VisualFEA

To quit using VisualFEA, choose “Quit” command from[lZIl menu. All the
windows are closed, and VisualFEA will be terminated. If the current project has
been modified since opening or last saving, it will be asked to save the project.
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Setting preferences

Undo 7
Redo

Cut ®X
Capy 3#C

+ Stick To Grid

+ Stick To Curve End

+ Stick To Node

+ Stick To Control Point

Preferences...

icon of currently displayed
preferences pane

preference icons

Press this button to

recover the initial settings—j Factory S5etting
Recover the previous settings— Revert Panel Cancel I

There are a number of preferences for the environment of VisualFEA. They
can be set using “Preference” dialog. To open the dialog, choose
“Preferences...” command from I menu. The dialog consists of a list
box and an area for preferences pane. The list box contains the icons
representing the preferences items. One of the icons in the list box is
highlighted, and the corresponding preferences pane is displayed to the
right. The displayed preferences pane can be switched by clicking another
icon in the list box. The icons in the list box can be scrolled using the scroll
bar.

Preferences rid

[»

list box | preferences pane

Appearance

@ Line

i Gray
Show coordinate axis

i Solid
i RGB

o

Tolerance

"

o
=

ading

4

Light Source =

« Grid settings

The initial state of the grid is determined by grid settings. To bring up “Grid” pane
in the preferences dialog, click “Grid” icon in the list box. The pane has the
following items:

“Scale”: The scale of the grid represents the size of one grid cell in the world
coordinates. That is the distance between two adjacent grid points. The
desired scale can be inserted in the editable text box.

“Pitch”: The pitch represents the number of pixels between two adjacent grid
points in initial view state, i.e. prior to any view transformation. The desired
pitch can be inserted in the editable text box.

“Show coordinate axis™: If this box is checked, the coordinate axis is indicated
with the grid.
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= Tolerance settings

There are tolerances applied for sticking to grid point, selection range and so on.
The tolerance can be set on “Tolerance” pane of “Preference” dialog. The pane can
brought up by clicking “Tolerance” icon in the list box.

- “Input Range”: If “Stick to Grid” item in XM menu is checked, the point of
data input sticks to the grid point nearest to the mouse clicked point. But, the
distance between the clicked point and the grid point should be within the
tolerance range, which is set by the value inserted in “Input Range” text box.
If the mouse clicked point is apart from any of the grid points beyond this
tolerance, the point will not stick to any of the grid points. It works in the
same way for “Stick to Node”, “Stick to Control Point”, “Stick to Curve End”
and “Stick to Control Point” options in XXl menu.

= “Selection Range”: The nearest object among the front most ones is always
selected by a mouse click, when the appropriate selection tool is activated.
The selected object need not be exactly on the point of mouse click. There is a
tolerance range from the clicked point, within which the nearest object is
searched and selected.

= “Intersection Tolerance”: The intersection between curves or between surface

primitives are obtained recursively or iteratively. The intersection tolerances

set the precision of the recursion or iteration.
“Curve-curve” : tolerance of intersection between curves.
“Surface-surface” : tolerance of intersection between two surface primitives.
= “Number of iteration”: The precision of the intersection is set by the
tolerance. On the other hand, there is also a limit in the number of iterations.
“Surface-surface” : The maximum number of iterations is applied only for
surface-to surface intersection.

= “Precision of surface primitives”: A mesh can be generated on a surface
primitive by automatic triangulation. The nodal points on the mesh are
constrained on the primitive surface up to its precision.

Tolerance

Input Range IE—H*EB— range of inputting point sticking to grid point
Selection Range IE'W range of seaching point from the mouse clicked point

Intersection Tolerance
Curve-curve 0.001 —+——— curve-to-curve intersection tolerance

Surface-surface (0.01 —1— surface-to-surface intersection tolerance

# of Iteration for

Surface-surface number of iteration for surface-to-surface intersection

Precision of Surface Primitive

0.0001 precision of surface primitive for mesh generation
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« Shading settings

The finite element models are frequently rendered by shading or by contouring
with shading. The following options are applied in rendering the models.

= “No. of Gray Levels”: Shading of an object is represented by gray levels. this
option determines how many gray levels are used in shading. This option is
also applied to contouring with shading.
= “Rendering Method”: Two methods of rendering are used for shading or
contouring in VisualFEA. One is rendering by polygon fill. And the other is
by painting pixel by pixel based on “area coherence algorithm.” The former is
faster, but the latter produces better quality.
= “Smoothing”: Smooth surface shading is obtained by smoothing the surface
gradients at the element or surface boundary edges. If this option is checked,
the gradients are smoothed. Otherwise, they are not smoothed.
= “Optimum contrast”: If this option is checked, the contrast of the shading is
determined so that the available gray levels are used as many as possible.
Otherwise, the contrast are constant so that absolute gray levels are used for a
given shading level.
< “Nonlinear intensity variation”: If this option is checked, nonlinear
relationship between the angle of light source and the brightness is assumed
in computing the shading level. Nonlinear variation sharpens the bright spot.
= “Transparency Model”: The transparency of the model is computed by the
surface gradient, the volume thickness, and angle of light sources. But, the
computation is based on a few factors provided in this option.
“Min.” : Minimum transparency set for the computation.
- “Max.” : Maximum transparency set for the computation.
- “Gradient Factor” : Factor of power raised to the surface gradient. The
computed transparency is affected by this factor. If this factor is larger,
surface gradient has smaller effect on the transparency.

Shading
No. of Gray Levels———————— number of gray levels used in shading
16 2332 @64 128 O 256
RenderingMethod — 6thod of rendering image

@& By polygon 2 By pixel

4 Smoothing Surface gradients are smoothed if checked.

Colors of shading levels are determined so that all
the available gray levels are used, if checked.

[ optimum contrast
b4 Nonlinear intensity variation___ Nonlinear relationship is assumed in computing
brightness, if checked.

Transr.larem:w,-r Mudel/ minimum transparency in percent

Max. maximum transparency in percent

Gradlent Factor power factor used in computing transparency
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« Light source settings

Parallel point light sources are used in shading. There are 3 light sources, with
different directions and intensities, each of which can be turned on or off. The light
source pane also shows an image of a sphere shaded with the settings.

= “On/off” check boxes: There are 3 check boxes for 3 light sources. If the box is
checked, the corresponding light source is on. Otherwise, it is off.

= “Direction” circles: The direction of each light source is mapped on a circle, and
indicated by a small pointer. The circle represents the top view of a
hemisphere. The pointer can be dragged to any point within the circle. And
the direction of the light source is set accordingly.

front direction in screen coordinates

light source direction

\ pointer indicating the light source direction

center of the sphere front view of the hemisphere

< Mapping of a light source direction >

= “Intensity” editable text boxes: The relative intensity of each light source can be
set in this text box. The values are in percentage. Each intensity value can be
inserted by keyboard input or adjusted by using the scroll button on the right
of the text box.

= “Immediate Display Mode” check boxes : If this box is checked, the shaded
image is updated immediately after the settings are changed. Otherwise, click
the shaded image to update the image.

Light 5ource

ons0ff  Direct Intensity i
scroll buttons to increase or decrease

m the intensity value

If the box is checked,
the light source is on. 2
Otherwise, the light source is off.

shaded image with the settings

direction of light source relative intensity of light source
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« View settings

View settings control the initial state of the window and the mode of updating the
screen contents. The initial width and height of the window are determined by the
default window resolution so that the window is sized to fit within the selected
resolution. If the default resolution is set to "Actual”, the window size is
determined based on the actual screen resolution.
If "Remember the last window size" box is checked, the size of the window at the
time of file saving is restored when the file is opened again.
There are several check boxes corresponding to various rendering modes. If the
box corresponding to the current rendering mode is checked, the screen contents
are redrawn with the rendering mode for every view transformation. Otherwise,
the screen contents are updated by wireframe rendering, which produces fastest
rendering.
= “Wireframe w/ hidden removal”: Rendering of wireframe with hidden line
removal is maintained for every view transformation.
= “Shaded image”: Rendering of the model by shading is maintained for every
view transformation.
= “Transparency”: Rendering of the model by shading with transparency is
maintained for every view transformation.
= “Contour image”: Scalar data representation by contour image is maintained
for every view transformation.
= “Iso-surface”: Scalar data representation by iso-surface image is maintained for
every view transformation.
= “Surface plot”: Scalar data representation by surface plot is maintained for
every view transformation.
= “Vector image”: Vector data representation by arrow image is maintained for
every view transformation.
= “Outline image”: Rendering of the model by outline is maintained for every
view transformation.

Yiew

Default Window Resolution

Set default window resolution.

[ Remember the last window size

The window size saved in the file

i if thi is checked.
Update ltems After Yiew Transform. 1s restored if this box is checked

b Wireframe hidden removal

Check the types of screen image to be updated
ge after each view transformation

[ vector imd
O outlined image
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« Solver settings

Solver settings have several options applied during the solution process. These
options are applied as defaults for subsequent finite element analysis. “Solver”
pane can brought up by clicking “Solver” icon in the list box.

= “Gradient Recovery and Smoothing”: There are 4 radio buttons to select the
method of computing secondary variables such as stresses, strains, heat fluxes
and so on. For the first 3 methods, the nodal values are averaged between
elements connected at the node so that the values are continuous across the
element boundaries. But for the last method, the values are not averaged.
Accordingly, there appears some discontinuity of the value across element
boundaries.
“Conjugate smoothing” : Nodal values are computed from the values at
integration points by conjugate smoothing algorithm.
- “Planar extrapolation” : Nodal values are extrapolated from the values at
integration points by least squares regression.
- “Nodal recovery” : Nodal values are directly computed by kinematic
relationship for the element.
- “No smoothing” : The same as conjugate smoothing, but the nodal values
are not averaged.
= “Number of Buffers for Frontal Solver”: If the frontal solution method is used
in solving the system equations, array buffers are used to store the active
equations. One or more array buffer(s) may be used. The number of array
buffers are specified in this editable text box.
= “Show progress messages”: If this box is checked, the progress bar and
messages are displayed to indicate progress while the solution process is
going on.
= “Notice of completion”: If this box is checked, the completion of solution
process is notified at the completion of the solution process.
“Produce the time log file”: If this box is checked, the time elapsed for each
stage of solution process is recorded in time log file .

There are other solver options determined using “Analysis Options” dialog.

Solver

Gradient Recovery and Smoothind —— method of computing stresses, strains, or gradients
# Conjugate smoothing
{2 Planar extrapolation
{2 Nodal recovery
{2 No smoothing

No. of Buffers for Frontal Solver Eﬁ number of array buffers used in frontal solution

[ Progress messages —— |f this box is checked, progress bar and message is displayed during solution process.
[+ Motice of completion ———— |f this box is checked, completion of solution process is notified on the screen.

M Time log file

If this box is checked, the elapsed time for solution is recorded in a time log file.
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Grid and 3-D Cursor

A curve or a primitive surface is defined by control points. Control points are, for
example, the end points of a straight line, the center and two end points of a
circular arc, or the center of a sphere. Thus, a curve or a primitive surface is
constructed by inputting the coordinates of its control points. VisualFEA assumes
that all the coordinates are in 3 dimensional Cartesian space. There are two
methods of inputting the coordinates of control points, namely one using the
mouse and the other using the keyboard.

XY plane
'I' /
grid:cell
YZ plane Q/

grid-point

3-D cursor

/

\\7_#——-—/%/ subcell

!

origin'of grid-planes H

coordinates axis

\

XZ plane
/ Fa
coordinates axis letter

< Grid system >
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Grid

Grid planes are used for convenience of inputting coordinates. Only one grid
plane (xy plane) is used for 2-dimensional modeling, but three planes (xy, yz, and
zx planes) are used for 3-dimensional modeling. Each of the grid planes can be
independently moved forward and backward, resized, or turned on and off.

Z)
T
2N

« Setting grid

The properties and the appearance of the grid planes are set by using the "Grid

Setting" dialog. The dialog has the following items:

= Scale : the actual distance between two adjacent grid lines

« Pitch : the number of screen pixels between two adjacent grid lines, which is
assumed to be counted in the view state without any transformation.

Define Planes
Get Plane

Get Preset View = Subdivisions : the number of subdivisions between two adjacent grid lines.
Get Custom Yiew

cot Custom View A grid cell is temporarily divided into subcells depending on this value.
—Import¥iew— = Show coordinate axis : Check this box to display the coordinate axis letters
X', 'Y'and 'Z'".
This grid setting can also be done by using preference dialog. In this case, the
setting is applied as the default setting for future sessions. The number of
subdivisions can also be set simply by using F keys, which is explained in
"Subdividing grid."

v v

grid cell
Grid Setting
Actual distance

Scale [ | between urid fines \i

- c Number of pixels between grid /
Pitch |— lines on the screen with initial
subdivisions Il view transformation

| Number of subdivisions

Appearance & Line ) Solid of a grid cell

color i@ Gray ) RGB >—4— Currently not in use\
[ Show coordinate axis Option whether to display __-?—

[ the letters ‘X’, ‘Y’ and ‘Z’
indicating the coordinate axes

[ ok | [cancel] grid subcell

< Grid setting >

« Turning grid planes on and off

All the grid planes are initially on, and the state of the grid planes are indicated by
the shape of the tool buttons , and respectively for the xy, yz and zx
planes. Clicking these buttons toggle each of the planes on and off. The buttons
are shaped respectively , and in off state. Turning off a grid plane
not only hides the plane, but also suppresses its function in future operations.
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« Moving grid planes

Each of the three grid planes (xy, yz, and zx planes) can be moved independently
by using either the mouse or the keyboard. The grid planes can be moved by using
the mouse by the following steps:

1)

2)

3)

4)

5)

6)

7

Start the grid movement tool by pressing the tool button @ if is not yet
activated.

Do the view transformation if necessary.

It is easy to move a plane facing obliquely to the front of the screen.

Place the screen cursor over the grid plane to move.

The cursor shape changes into @" .

Press the mouse button.

The cursor shape changes into * i .

Drag the cursor in the direction to move the grid plane.

The grid plane moves along with the cursor movement.

Release the mouse button.

The cursor shape returns to %‘ , and the grid plane is settled at the position.
Repeat 3) - 6) for each of the grid planes until all the grid planes are in the
desired position.

While the grid planes are moving, the coordinates of the changing grid origin
are displayed in the text box at the bottom of the tool palette.

¥

cursor at starting point grid pl/ane before movement

< Moving grid planes by mouse >

On the other hands, the coordinates of the grid origin can be entered directly using
the text box. Each of the grid planes is moved so that new grid origin is formed at
the position of the entered coordinates.
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\

Bdit the textof the The new erigin of the -
roardinates, and grid planes is set.
press fErn

key.

F4

< Moving grid planes by keyboard >

« Resizing grid planes

Each of the three grid planes can be expanded or shrunken to the appropriate size
by the following steps:

1) Start the grid resizing tool by pressing the tool button [$52].
2) Place the screen cursor over an edge of the grid plane to resize.
The cursor shape changes into "I" .
3) Press the mouse button.
The cursor shape changes into ‘%}’ .
4) Drag the cursor in the direction to expand or shrink the grid plane.
The grid plane expands or shrinks along with the cursor movement.
5) Release the mouse button.
The cursor shape returns to "I" , and resizing of the grid plane ends.

grid plane edge
after resizing

grid plane edge_ |
before resizing

< Resizing grid planes >
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. Subdividing grid

A grid can be subdivided as shown below. In order to get the subdivided grid,
press F keys(F1 - F24). The F number corresponds to the number of divisions. For
example, will set the division into 3, into 12, and into 1(no
subdivision).

It is convenient to use subdivided grid points in entering a coordinates of a point
which does not fall on a grid point, but on a subdivided point. This action is only
effective under input or modification mode. Coordinate input using subdivided
grid is achieved by the following steps:

1) Move the screen cursor near the point of input.

2) Press the mouse button.

The grid cell containing the screen cursor is subdivided at the moment the
mouse button is pressed, and one of the subdivided grid points is marked by
.

3) Drag the ® mark to the subdivided grid point to be used as the input point.
The grid cell with subdivision moves along with the screen cursor, while
moving the mouse with its button pressed.

4) Release the mouse button.

The coordinates of the point with & mark is entered as the new input point.

Grid subdivision may be set by using the "Grid Setting" dialog, or using preference
dialog, which are described in ""Setting Grid."

Subdivided grid

<Entering points using subdivided grid>
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User defined grid

The system defined XYZ grid plane consists of three planes, i.e., XY, YZ and

Grid Setting...
Define Planes
Get Plane

ZX planes which are respectively normal to Z, X and Y axes. User can define
grid planes other than these ones. Their origin and their normal direction

Get Preset Yiew
Get Custom Yiew
Set Custom Yiew

mport Views

may be set arbitrarily as desired. It is very convenient, in some cases, to use
these user defined grid planes for inputting curves or primitive surfaces.
The user can register as many grid planes as necessary, and retrieve one of
them for later use at any time.

« Constructing user defined grid planes

A user defined grid plane can be constructed by the following steps:

1) Select "Define Planes" item from Kil3i8 menu.

"Construct Plane" dialog appears on the screen, and "Plane" text item is filled
with the name of the new plane to be constructed.

This name is automatically endowed by VisualFEA, and can be modified as explained
in "Renaming grid planes.”

2) Enter 3 points which lie on the plane.

The first point is the origin of the plane, and the second one together with the
first one forms the u axis of the plane. The plane is determined by the third
point so that all the 3 points lie on the plane. Another axis of the plane, i.e., v
axis begins at the first point and is directed normal to the v axis. The 3 points
can be entered by either mouse or keyboard. When all the 3 points are

entered, button is enabled.

3) Click button of the dialog.

The new grid plane is created and displayed on the screen. [Begister] button is
disabled, and [_New | and [_Delete | buttons are enabled.

Step (1) ——m Step(2) ——m  Step(3) —_— Step (4) —_— Step (1)
[0 = construct Plane = 8 [0 = construct Plane = B| | = Construct Plane = B| |0 = Construct Plane = B
[ =] =] [
Plane |3 Plane Plane Plane |4
New
[ Delete ] [Hegister] Delete Reg steril [ Delete ] [Register] [ Delete ] [Hegister]
The name of the new plane  Enter 3 points Click this button to Click this button to continue It is ready for constructing
is automatically endowed. defining the plane. register the new plane. constructing new planes. another plane.

<"Construct Plane" dialog in each step of defining grid planes >
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4) Close the "Construct Plane" dialog in order to end constructing grid planes
and start entering coordinates using the grid planes. Or, click |__New J button,
and repeat step 2) and 3) to add more grid planes.

If you click [__MNew | button, "Plane” text item is filled with a new plane
number, and is ready for constructing a new grid plane again.

user defined grid plane

\ Avaxis .

U

\ v axis

XYZ grid planes

< Construction of user defined grid planes >

« Retrieving user defined grid planes

Grid Setting...
Define Planes

Get Plane | . Grid X¥Z

Get Preset View » -

Get Custom View » 2

Set Custom View » sl

Import View...

Export View... :nyname
W

The user defined grid planes as well as XYZ grid plane can be
retrieved at any time for use in entering coordinates data.
When a grid plane is constructed and registered, the name of
the plane is added to the items of submenu. The grid
plane is retrieved by selecting the name from the submenu. The
retrieved grid plane is displayed on the screen and effective for
future entering of coordinates data. The name of the currently
effective grid plane is Omarked in the submenu.

The user defined grid planes are saved together with the VisualFEA data file, and so can be
used when the file is opened in later sessions.

« Retrieving XYZ grid planes

The system defined XYZ grid plane can also be retrieved by selecting "Grid XYZ"
item which is always on the top of the submenu.
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« Deleting grid planes

User defined grid planes can be deleted by the following steps.

1) Select "Define Planes" item from EilZZ8 menu.

"Construct Plane" dialog appears on the screen, and "Plane” text item is filled
with the name of the new plane to be constructed.
3]
2) Scroll the effective plane using button until the name of the desired plane

appears in the "Plane" text box.
The plane displayed on the screen is effective.

3) Click button. Then, the effective plane is deleted.

When the deleted plane disappears on the screen, and the effective plane

scrolls forward to the next, or scrolls back if next one does not exist.

« Renaming grid planes

The name of a user defined grid plane is automatically endowed by VisualFEA in
the form of "1", "2", "3" and so on. This can be changed to other name, usually for
better identification. Renaming is achieved simply by editing "Plane" text box of
"Construct Plane" dialog, while the plane is being created. But, you may
sometimes want to change the name later. In this case, follow the steps described

below.
1) Select "Define Planes" item from Kil3Z8l menu.

"Construct Plane" dialog appears on the screen, and "Plane" text item is filled
with the name of the new planeéclm be constructed.
2) Scroll the effective plane using button until the name of the desired plane

appears in the "Plane" text box.
The plane displayed on the screen is effective.

3) Click "Plane" text box,or select the string of the name.

4) Change the string of the name.

As you change the name, the string of the submenu item is also

altered accordingly.

O = construct Plane = B Grid Setting...
Define Planes

Grid XYZ

Plane Get Plane

T—— | GetPreset¥iew

Export ¥iew...

4
4
4

New tom View
Set Custom i »
[ Delete ||| Register | Import View...

1
2
skew

Rename the plane.

| Show Numbgees ——r. 7

« roof
anyname
4

The string of the submenu

item is accordingly altered.

< Renaming grid planes >
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3-D cursor

VisualFEA has a special inputting aid called 3-D cursor. The 3-D cursor is useful in
defining a position in 3-dimensional space in conjunction with grid or other points
like nodes or control points.

The 3-D cursor consists of 3 lines and is always displayed in relation with grid
planes. Each line ends on one of the grid planes. These ends are the called 3-D
cursor foot. The other ends of the lines meet at one point, which forms the 3-D
cursor point. Coordinates in 3-dimensional space can be entered conveniently by
clicking this 3-D cursor point.

« Turning 3-D cursor on and off

The 3-D cursor is initially off and not shown on the screen. The 3-D cursor button
is shaped in off state. Clicking the button toggle 3-D cursor. The button
is shaped if the 3-D cursor is on. The 3-D cursor can be turned on only in
input or modification mode. Therefore, the 3-D cursor works only when one of the
input tool buttons, or modification tool buttons is pressed.

2
B
i

« Moving the 3-D cursor point

In order to enter coordinates using the 3-D cursor point, the point should first be
moved to a desired position by the following steps.
1) Move the screen cursor over one of the 3-D cursor foot.
2) Press the control key .
The input mode is temporarily suppressed by pressing the control key.
3) Press the mouse button.
4) Drag the 3-D cursor foot to the desired position by keeping the mouse button
and control key pressed, while moving the screen cursor.
The 3-D cursor foot moves along with the movement of the screen cursor, and
accordingly the 3-D cursor point moves.
5) Release the mouse button.
Releasing the mouse button terminates the movement of 3-D cursor foot.
6) Move the screen cursor over to another 3-D cursor foot, and repeat 1)-5) until
the 3-D cursor point settles at the desired position.

""Stick to Grid", "Stick to Curve End", "Stick to Node™ and "Stick to Control Point"
:233 e options in XMl menu are also applied to positioning the 3-D cursor. For example,
T—‘ﬂ“—

" if "Stick to Node™ item is checked, the 3-D cursor foot can be laid on a node point.

v Stick To Grid

+ Stick To Curve End

+ Stick To Node

~ Stick To Control Point

Preferences...
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< Composition of 3-D cursor >

< Moving 3-D cursor point >
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Viewing Control

Finite element modeling objects and other related data are visualized on the screen
while working with VisualFEA. You can control the graphical display of 2- or 3-
dimensional data on the planar screen. It is called viewing control and consists of
the following 3 actions.

= rotation: set the view direction

= zoom: set the scale of the view

= pan: translate the viewing part
Desired view can be obtained by applying these actions with proper combination.
The methods of viewing control are relatively simple and intuitive as explained in
the following.

Rotating view

Rotating view can be interpreted in two different concepts:

= The user's view direction is fixed, and the 3-dimensional space containing

the finite element model is rotating with respect to the view direction.

= The 3-dimensional space is fixed, and the user's view direction is changing.
In either case, the actual data are not affected, but only the display on the screen is
changing. There are a few methods of rotating view in one of the two concepts.
It is also possible to rotate the actual coordinates of the finite element models. But it is
termed here as ""model rotation" and has nothing to do with view rotation. Model rotation
is explained in Chapter 4.

» Rotating view using virtual track ball

The virtual track ball is shown in the tool palette, and can be manipulated using
mouse with similar feel of a real track ball in the following ways:
1) Place the screen cursor over the virtual track ball.
Place the cursor at a point of the virtual track ball as if you were placing your
finger tip on the actual track ball.
2) Press the mouse button.
The current rotation angle about each coordinates axis is displayed at the
bottom of the tool palette.
3) Move the mouse with button pressed.
While you are moving the mouse, the virtual track ball is rotating in
accordance with the cursor movement, in the same way as a real track ball
rotates along with your finger tip. The rotation angles displayed at the
bottom of the tool palette are constantly updated in accordance with the track
ball rotation.
4) Release the mouse button.



2-32 Chapter 2  Basic User Interface

Rotation of the virtual track ball ends, and the view rotation is conformed to
the track ball rotation.
Any action in progress is not interrupted by operation of virtual track ball. For example, if
you entered part of control points of a spline curve before rotating view, you can complete
the curve by entering the remaining control points after the rotation.

=1

%'x u H_-".i
X

Press mouse button at Release mouse button at
the starting point. the end point.

.| The virtual track ball
rotates along with the
cursor movement.

v

Wil L

Before viewing rotation After viewing rotation

<Rotating view using virtual track ball>

« Rotating view using bounding box

The viewing rotation can also be manipulated directly on the main window using a
so-called bounding box, which is a rectangular parallelepiped enclosing the
modeling objects. This method is useful for more precise rotation, but interrupts
other action in progress.
1) Lock the virtual track ball by clicking it with key(Windows: key)
Locked pressed, if it is not locked.
virtual track ball The locked virtual track ball is displayed as a pressed button as shown left.
At the moment the virtual track ball is locked, the bounding box appears on
the screen.
2) Move the screen cursor over an edge of the bounding box.
The shape of the cursor changes into 3?. , when the cursor is placed within
the main window.
3) Press the mouse button, and drag the edge of the bounding box.
As you drag the edge, the bounding box rotates along with the edge.

4) Release the mouse button.
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Rotation of the bounding box ends, and the view rotation is conformed to the
track ball rotation. Accordingly, the string of rotation angles and the virtual
track ball are updated.
The virtual track ball is still effective in locked state. In order to unlock the virtual track
ball, click the track ball once again with key (Windows : E key) pressed, or start
any other tool.

i Press the mouse button Keep the mouse button pressed Release the mouse
Bounding box at the starting point. while rotating the bounding box. button at the end point.

PN

AV
T AT

EAVAY,

¥
KX 7

REEE -.4. o TR
S SRS
S S ; :

i

Before viewing rotation Rotating bounding box After viewing rotation

< Rotating view using bounding box >
« Rotating view using key board

While the view is being rotated, the angles of rotation about X, Y and Z axes are
5389 displayed at the bottom of the tool palette as shown left. Viewing rotation can be
8,320.1 achieved by directly editing the text of these rotation angles. Click one of the text
8z[307.8 boxes, and edit the text. After all the angles are set to the desired values, press
key (Windows : key). Then, the rotation angles are entered for new
view. Accordingly, the virtual track ball as well as the view of the main window is

Rotation Angle

rotated.

Grid Setting... » Getting the preset viewing rotations

Define Planes

Get Plane 4 A number of typical views, such as front view, top view, etc., are
Front preset for quick retrieval. The desired viewing rotation is

Get Custom Yiew 3 Back ] ] i i i

Set Custom View P | Top obtained simply by selecting one of the preset view items from

Import View.. Bottom submenu. The virtual track ball as well as the

Export ¥iew... Left ] ] i

show Numbers %y | Might rotation angle texts are also updated in accordance with the

Show Control Points (1,1,1) Viewing rotation.

Hide Objects P (1L1-1) . L

Shut Invisible Node (1,-1,1) The rotation by each of the preset view is indicated on the

Show Elem. Property (1-1-1) following table. The submenu items include 8 oblique rotations

Show Str. Boundary -1.L0 . . . : : :

: -1,1,-1) in the form of (I,m,n), in which I, m and n implies the view
Show Load Condition -1-1.1) directions respectively in X, Y and Z axis.
Show Elem. Cann -1
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< Preset view rotation items >

~

x

Menu Iterr VieWDvirection Rotated View | Menu Iten |View Direction | Rotated View
- |
)
Top ﬁﬁ Bottom
ey
Left ﬂﬁ Right
ey
(-1,-1,-1) ﬂﬁ (1,1,-1)
=
(1,-1,2) ‘Iﬂ (1,-1,-1)
S
(-1,1,2) I' (-11,-1)
-
(-1-1,1) H (-1,-1,-1)
=

N
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« Setting view direction

Rotation Angle

Rotation of the view can be specified by the view direction, which is directed from

Bx|38.9 . . . . .
6.[340.1 user's eye to the screen. You can set the view line, and get the viewing rotation by
0. |307.8 forcing the line to be the view direction.
1) Lock the virtual track ball by clicking it with control key pressed, if it is not
locked.

If you click the virtual track ball with control key pressed, the shape of the
track ball becomes a pressed button with an arrow as shown to the left. This
indicates that you are in the "view direction" mode. At the moment the
virtual track ball is locked, modeling objects appears to be surrounded by a

bounding box with cross hairs representing the current view point and
direction.

2) Specify the new view point by clicking a point on one of the faces of the
bounding box .
The new view point is marked by cross hairs, and the view line is represented
by a straight line connecting the point and the center of the bounding box.
If you want to specify the new view point on one of the back faces, click with key
(Windows : key ) pressed.

3) Double click the mouse button.
Double clicking rotate the view so that the specified view line is directed
normal to the screen.

In order to unlock the virtual track ball, click the track ball once again with control key
pressed, or start any other tool.

view point curset

view line view line

JAVAN
FAVAVAN
FAVAVAY)
AN AVAT AVATNE
.-.-AVAVA\YAVAIK‘:-

P VAVAVATANAYA = e
A

LRPRE,
i YA kv
B ANAY VATAYL

RS H IS
K

AV SRR WAY,

Y

S AVAUANRUANR
NRGANAVR SR
oo o

RN GRNIRS

Set the view point on the front face Set the view point on the back face

< Setting the view direction >
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Zooming in and out

The modeling objects can be drawn in different scales depending on the required
detail. Enlarging and reducing the display scale are termed here as "zooming in"
and "zooming out" respectively. This zooming operation can be achieved in many
different ways as explained below.

« Zooming in and out using zoom dial

Zooming in or out can be achieved by turning the zoom dial which is on the tool
palette. The zoom dial has scale notchmarks indicating the current display scale by
=== mark at the center. The zoom dial can be manipulated with the feel of a real
dial as described in the following.
1) Place the screen cursor over the zoom dial.
Place the cursor at a point of the zoom dial as if you were placing your finger
tip on an actual dial.
2) Press the mouse button.
The current zoom scale is displayed at the bottom of the tool palette.
3) Drag the zoom dial with the mouse button pressed.
While you are moving the mouse, the scale notchmarks is moving to the right
or to the left in accordance with the cursor movement. The contents in the
main window as well as the text of the zoom scale at the bottom of the tool
palette are instantly updated in accordance with the zoom dial movement.
4) Release the mouse button when the modeling objects on the main window
are displayed with the desired scale.
The display in the main window is rescaled with the zoom factor at the
moment the mouse button is released.

Initial cusor
osition

P 1
3 1)5

Zoom ou Zoom Factor Zoom in
f

1
E§§1;—;g E1*§23
~
Zoom Factor Move the cursor Move the cursor Zoom Factor

f to the right to the left f

< Zooming in and out using the zoom dial >

The display scale, which is represented by the zoom factor, is initially set to 1.0 before any
viewing control. This value is based on the current grid setting described in “Grid” section
of this chapter. The minimum and the maximum scale on the zoom dial are respectively
1/32 and 32. It is not desirable to zoom in or out with excessive factors. So, if you need to
change the display scale drastically, change the grid scale or the grid pixel value in the grid
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setting dialog, instead of trying excessive zooming in or out.

Any

action in progress is not interrupted while working with the zoom dial.

« Zooming in and out using rubber-band rectangle

The

Locked zoom dial

display scale can be altered either by expanding part of the display to fill the

window, or by shrinking the whole display to a part of the window. In fact,
zooming and panning are executed at the same time. You can specify the part of
the display or the part of the window using rubber-band rectangle as described in

the following:

1)

2)

3)

4)

Lock the zoom dial by clicking it with key (Windows: key) pressed, if
it is not locked.

The locked zoom dial is displayed as a pressed button as shown left.

Position the screen cursor at a point in the main window.

The shape of the cursor changes into 3“" , when the cursor is placed within
the main window.

Press the mouse button, and draw a rubber-band rectangle by moving the
mouse diagonally across the screen.

A rubber-band rectangle is drawn with one corner at the initial cursor
position. As you move the mouse, the rectangle grows along with the cursor
movement. The rubber-band rectangle keeps to be a similar figure of the
main window rectangle.

Release the mouse button.

The view is changed on the basis of the rubber-band rectangle drawn at the
moment you release the mouse button. The view is zoomed out, if control key
is pressed at the moment the mouse button is released. Otherwise, the view is
zoomed in.

The zoom dial is still effective in locked state. and may be used for zooming. In order to
unlock the zoom dial, click it once again with key (Windows : key) pressed, or

start

VA,
Qo
N

\\\\\\.v%i

Before zooming

NN eavarAVAvgN
e

I
)
" g,»,,{f@é’

any other tool..

7,

After zooming in
(without pressing control key)

After zooming out
(with pressing control key)

< Zooming by rubber-band rectangle >
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« Instant zooming by zoom button

Pressing the zoom buttonm enlarges the display scale by double, or reduced it by
half. It is useful for instant zooming in or out. The zoom button consists of two
part as show below. Clicking the left part of the button reduce the display scale by
half, and clicking the right part increases the scale by double.

The display scale is halved The display scale is doubled
by clicking this part. by clicking this part.

< Zoom button >

« Fitting the display to the window

Pressing the fit-window button makes the entire display of the modeling
objects fit into the main window. If there are no modeling objects, the display of
the grid planes is fitted to the window.

« Entering the zoom factor by key board

While a zooming operation is going on using any one of the above methods, the
zoom factor is displayed in the text box at the bottom of the tool palette. The scale
of the display on the main window can also be set by directly editing the text of the
zoom factor.
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Panning

You may want to see the part which is out of the display range in the window. You
can bring the part into the window by panning. Panning is an operation moving
the display of the modeling objects on a window. This can be achieved by a few
different methods as explained below.

« Panning by scroll bar

The main window has a horizontal and a vertical scroll bar. You may pan the
display in the window horizontally or vertically using the scroll bar.

« Panning by option-drag

pl

The shape of the cursor turns into % n if you position the cursor on the main
window, and press the mouse button with option key pressed(Windows: press the
right mouse button). As you move the mouse in this state, the screen display
moves along with the cursor. The movement ends and the shape of the cursor
returns to M ,when the mouse button is released. The display of the window is
updated upon the completion of this panning operation. The update may take a
short or long period of time depending on the setting of "view" preference.

« Centering the display

You may bring the display of the modeling objects instantly to the center of the
window. Click the centering button . Then, the entire part of the display
moves so that the center of the modeling objects coincides with the center of the
main window. If there are no modeling objects, the display of the grid planes is
centered on the main window.
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Setting and getting custom views

You may sometimes want to get back to the current view state after going through
many view transformations. For this reason, there are functions for setting a few
custom views and getting one of them later if necessary. VisualFEA allows setting
up to 5 custom views.

« Setting custom views

Select one of the numbers '1' through '5' from submenu. Then,
the current view of the main window is registered as a custom view with that
number, and the menu item of the number is Omarked in front. Each Omarked
number is associated with a custom view. If you select an already Omarked
number, the current view will replace the previous custom view with that number.

« Getting custom views

Each menu item in submenu has conjunction with the item with
the same number in submenu. Only the Omarked numbers in

ETHCIIET submenu are enabled and selectable from
submenu. Selecting the number will retrieve the associated custom view, and
subsequently, the display of the main window will be transformed to the custom
view.

Grid 5etting... Grid Setting...

Define Planes Define Planes

Get Plane 3 Get Plane »

Get Preset Yiew 3 Get Preset Yiew b

Get Custom View ) Initial
Set Custom View L\ 1 Set Custom Yiew 3 Last Saved
Import Yiew... ' Import View...

BExport Wiew... Export View...

Show Numbers ®s N 4 Show Numbers S

Show Control Points 2 Show Control Points

Hide Objects 3 Hide Objects 3

Shut Invisible

Shut Invisible

\

Registered view
numbers are checked.

Registered view number
are enabled and selectable

< Setting and getting custom views >

« Removing custom views

In order to remove a custom view, first pull-down the menu with option key
pressed. You will find that the submenu is substituted by
submenu. Now, selecting a marked number in the submenu
will remove the custom view registered by that number.
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Getting the initial view and the last saved view

The initial view is the one set when the project begins, and the last saved view is
the one set when the project file is opened or saved. It is useful to retrieve one of
these view states, especially when you get lost after improper viewing
transformations.

« Getting the initial view of the project

In order to get the initial view, select "Initial" item from submenu.
The initial view is the one defined at the beginning of the project and is not altered
by any viewing transformation including rotation, zooming and panning. The
initial view is affected only by grid settings. For initial view, the grid factor is 1.0,
and the rotation angles about X, Y and Z axes are 0.0.

« Getting the last saved view of the file

The data related to the viewing transformation and grid settings are saved together
with the project file. The view data saved in the project file are retrieved when the
file is opened. You may obtained the saved view at any moment while working
with a project file. If you save a file, the current view is also saved, and thus
becomes the last saved view. The "Last Saved" item in submenu
is enabled only after the project file has been saved at least once. The last saved
view is obtained by selecting the menu item.

Grid Setting... Grid Setting...

Define Planes Define Planes

Get Plane 3 Get Plane 3

Get Preset View 3 Get Preset Yiew 3

Get Custom Yiew 3 Initial Get Custom Yiew 3

set Custom Yiew 3 set Custom Yiew 3 Last Saved
Import Yiew... 1 Import Yiew... 1
Export Yiew... 2 Export ¥iew... 2
Show Mumbers S 3 Show Numbers B/ 3
Show Control Points 4 Show Control Points 4
Hide Objects p L2 Hide Objects p L2
Shut Invisible P Shut Invisible

This item is enabled only when the current
project has been saved at least once.

< Menu items for the initial view and the last saved view >
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Saving, importing and exporting views

The view data stored in the file of current project can be updated to the view
displayed on the screen, without saving the whole content of the file. The view
data can also be exported to a separate file, i.e., a view file. And, it is also possible
to import view data of view files or other project files into the current project. The
view data for importing and exporting include following items:

= Current viewing transformation : rotation, zoom, pan

= Custom views

= Grid settings : grid scale, grid pixel and grid origin

= User-defined grid planes
When view data is imported, the current view data are replaced by the imported
data, and accordingly, the display on the window is transformed.

« Updating view data in the working file

Grid Setting... i A A . . .
Define Planes When a project file is opened, the view data are read, and applied in
pEHRIANE »| displaying the model. After one or more view transformations including
Get Preset Yiew » . . d vi tati th . . | th

Get Customview p| Z00MINg, panning and view rotation, the screen view is no longer the same
Set Custom Yiew b | 3s the view stored in the file. In order to make the view data in the file
Import View.. identical to the screen view, select "Save Updated View" item from
Export View... menu. Only the view data is updated in the project file, and other data

L Show Nupmhss=—""—

remain intact.

« EXporting views

Grid Setting...
Define Planes In order to export the view data, select "Export view" item from EilZ8 menu.
Get Plane » " w g ;

A standard "Save As" dialog appears and allows you to provide a name for
Get Preset Yiew > . . . . ...
cetcustomview p| the view file and to choose where it will be saved. The name is initially
SetCustomView | gesignated as "untitled.vie" Edit the text of the file name if necessary, and
Save Updated View . i o .
Import View... click "Save" button. Then, a new view file is created, and view data are
ExportView.. stored in the file.

L}juw Numhes-— =]

« Importing views

In order to import the view data, select "Import view" item from

L___Show Numhs»-— =]

Grid Setting...

Define Planes menu. A standard file dialog appears and allows you to browse through the

Get Plane *| file system and to select the file with the view data you want to import. You

Get Preset Yiew 3 . . . . . . .

Get custom view p| May select either a view file or a project file. In case of a project file, only the

SetCustomView P! vjew data are read into the current project. The screen view is updated

Save Updated Yiew . . . . . . L
immediately, but the project file will not be affected until the file is saved

Bxport View... using "Save" command in menu, or the view data is saved using "Save

Updated View" command of Kil3Z8 menu.
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Hiding objects

It is sometime necessary to hide some parts of the model. Especially for
complicated model, it is more convenient to make unwanted parts invisible and
work only with remaining parts. Hiding can be applied either to selected meshes
or to selected types of objects as indicated by the items of submenu
shown below. Hiding is just for screen display including pre- and postprocessing,
but does not affect actual modeling data.

Yiew
Grid Setting...
Define Plane
see . —anr0l Points
Show All Curves |
e Obje Selected Mesh ——— Hide selected meshes.
Shut Invisible Node Unselected Mesh —}— Hide unselected meshes and show selected meshes.
Show Elem. Property Reverse 1 Hide curren_tly shown meshes and show currently hidden mes
Show 5tr. Boundary None 1 Showall objects.
Show Heat Boundary Primitive Surfaces | Hide primitive surfaces.
Show Load Condition Unmeshed Curves |  Hide unmeshed curves.
Show Elem. Conn. Line Elements ___ | Hide line elements.
Aerial Yiew Enable Hiding —— Enable the hiding of the selected object
Disable Hiding — |- Disable the hiding of the selected object

« Hiding selected meshes

In order to hide unwanted meshes, first select the meshes, and choose "Selected
Mesh" item from submenu. Consecutive hiding operations
on"Selected Mesh" add the selected meshes to the list of hidden meshes. In order
to hide a surface mesh, the surface mesh selection tool should be used to hide
surface meshes, and the volume mesh selection tool to hide volume meshes.
Surface meshes surrounding volume meshes cannot be hidden individually, because volume
meshes are rendered by surrounding surface meshes.

» Hiding unselected meshes

If you choose "Unselected Mesh" item from submenu, after selecting
meshes, the selected meshes remain visible, and the other unselected meshes
become invisible. Consecutive hiding operations on "Unselected Mesh" add the
unselected meshes to the list of hidden meshes.

« Reversing visibility

If you choose "Reverse" item from [IIXased submenu, currently invisible
meshes become visible, and visible meshes become invisible.
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« Recovering visibility of all objects

In order to release mesh hiding and make all the meshes visible, choose "None"
item from submenu. However, this command does not affect the
visibility of primitive surfaces, unmeshed curves, and line elements which can be
hidden by the commands described below.

« Hiding primitive surfaces

Primitive surfaces, such as cylinders, cones or spheres are useful as auxiliary
objects in mesh generation, but are not directly involved in the analysis model.
Therefore, their appearance may be cumbersome at various stages other than
preprocessing. It is sometime desirable to make these primitive surfaces invisible
as exemplified in the figure below. To hide primitive surfaces, choose "Primitive
Surfaces" item from submenu. The item is checked while primitive
surfaces are hidden. To make primitive surfaces visible, uncheck the menu item by
selecting it again.

1

Before hiding primitive surfaces After hiding primitive surfaces

<Example of hiding primitive surfaces>

« Hiding unmeshed curves

VisualFEA uses lines and curves for mesh generation, and accordingly most of
them are listed as components of meshes. Such curves (or lines) are termed here as
"meshed curve." Meshed curves are not explicitly rendered. However, there may
still remain unmeshed curves even after completion of mesh generation. These
curves may appear redundant in rendered model image or in contoured image. If
it is the case, it is desirable to hide unmeshed curves. Hiding unmeshed curves can
be achieved by selecting "Unmeshed Curves" item from[lEaae submenu.
The item is checked while unmeshed curves are hidden. To make unmeshed
curves Vvisible, uncheck the menu item by selecting it again.
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« Hiding line elements

You may include line elements such as truss or frame elements in continuum
model. In order to reduce the complexity of model rendering, it is desirable in
some cases to hide such line elements from contoured or rendered model image.
Hiding line elements can be achieved by selecting "Line Elements" item
fromIENER= submenu. The item is checked while line elements are hidden.
To make line elements visible, uncheck the menu item by selecting it again.

Before hiding line elements After hiding line elements

<Example of hiding line elements>

« Disabling or Enabling the hiding of the selected objects

Surface meshes as components of a volume mesh become visible or invisible
depending on the visibility of the volume mesh. Likewise, the visibility of the
curves which belong to a surface mesh is determined by the visibility of the surface
mesh. However, some curves or surfaces need be made visible regardless of the
visibility of their master objects. You may keep some objects from being hidden
along with their master object. Choose "Disable Hiding"submenu item after
selecting the desired objects. Then, the objects are marked as hiding disabled. Use
"Enable Hiding" item to release the disabled hiding status.
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Object numbers

Various objects are numbered among those of the same kind. The numbers
assigned to objects can be displayed or changed. Automatic renumbering of nodes
and elements are also possible.

« Displaying numbers
Object numbers can be displayed one by one or in group by the following steps.

- 1) Press an object selection tool.

_Grid Setting... 1 Click to show node number, to show element number, to show

| Eapeo.ow | curve number, to show surface primitive number, to show surface mesh

number , and to show volume mesh number.

Show Control Points X o i . o . . i .
Hide Objects 3 Object selection is described in detail in the section "Object Selection™ of this chapter.
Shut Invisible Node .

2) Select objects whose numbers are to be shown.
Show Elem. P . . . . . .
sngx St‘i_’[‘,mur:[',’::;" Select one object to display the number of a single object, or multiple objects
Show Heat Boundary to display multiple numbers at once. All the numbers are displayed when no
Show Load Condition .
show Elem. Conn. objects are selected.
Aerial View 3) Choose "Show Numbers" item from K38l menu.

The object numbers are displayed over the selected objects. If no objects are
selected, all numbers are displayed.

Only element assigned with element property are numbered. Therefore, numbers will
not be shown for elements without property assignment.

] 7 e
e A e
=== 7= A [T

apl30 f 38 [/ a7 36
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saj4a f 48 f 47 7 ag s
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<Examples of displayed numbers>

« Changing numbers
The object numbers can be altered individually by the following steps.

) Press a corresponding object selection tool.
2) Double click the object, the number of which is to be altered.
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Depending on the object selection tool in action, dialog of "Node Info",
"Element Info", and so on pops up as shown below.

H=

Node Info =8

Node 78 Edit this text to new number.

14.7357

42.2645

Z=

0

3) Change the number text.
Edit the editable text and press key (Windows : key). The new
number should be greater than or equal to 1 and less than or equal to the total
number of objects. The new number is assigned to the object, and the other
objects are renumbered accordingly.

« Selecting an object by its number

An object can be selected by its number. When a selection tool is on, scrolling the
object number using , , El or key highlight the object with currently
displayed number in the editable text item at the bottom of the tool palette. The
highlighted object is included in the selection list.

£ 1
z 113

Dolume No.

No| 13

A selection tool is on.

The object with the displayed number
is highlighted and selected.

The object number is scrolled by , , or key.

<Scrolling the object number>
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Other functions related to view control

There are a number of miscellaneous functions related with view control. Among

Yiew

%'

Ehpur.. o cu¥a,

Show Numbers 3%/
Hide Objects 3
Shut Invisible Node

Show Elem. Property
Show 5tr. Boundary
Show Heat Boundary
Show Load Condition
Show Elem. Conn.

Aerial Yiew

Yiew

|

EApo.. oo,

Show Mumbers 3/
Show Control Points
Hide Objects b
Shut Invisible Node

Show Elem. Property
Show 5tr. Boundary
Show Heat Boundary
Show Load Condition
Show Elem. Conn.

Aerial View

m, only the functions included in menu are described here.

« Displaying control points of curves

While inputting or reshaping a curve, its control points are displayed. But,
they are hidden under other states of modeling. In order to make control
points visible all the time, choose "Show Control Points" item from
menu. Then, the item changes into "Hide Control Points." In order to hide
control points again, choose the item again.

« Making invisible nodes unselectable

The nodes on the backside of the model are hidden in the model image
rendered by shading or wireframe mesh with hidden line removal.
However, the hidden nodes on the backside of the scene are still selectable.
It is sometimes convenient to make such nodes unselectable. Choose "Shut
Invisible Node" item from menu in order to make such nodes
unselectable. While this option is on, the menu item is checked. In order to
release this option, uncheck the menu item by choosing it again. While this
option is on, the speed of model rendering is slow.

« Making attribute assignments displayed

The assignments of various attributes, such as load conditions, boundary
conditions and so on are displayed only when the assignment is going on and thus
the corresponding dialog is on. It is sometimes necessary to make those
assignments constantly displayed regardless of the modeling state. This can be
achieved by selecting the corresponding menu item from K588 menu.

Yiew
()
- . v FUINTS
Hide Objects 3
Shut Invisible Node

Show Elem. Property
Show 5tr. Boundary
S

Show Load Condition
Show Elem. Conn.

Aerial Yiew

l_____While this item is checked,

the attribute remains displayed
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« Controlling the view using aerial view

While working with a complicated model, you may need to zoom in only a small
part of the model to fill the screen, and want to control the view of the model as a
whole. In such a case, the aerial view can be used as a convenient tool of
controlling the view by the following steps:

1)

Grid 5etting... |

e . ws CUINES
Hide Objects [ 3
Shut Invisible Node
Show Elem. Property
Show Str. Boundary
Show Heat Boundary
+ Show Load Condition | 2)
Show Elem. Conn.

3)

Select "Aerial View" item from K558 menu.

Then, "Aerial View" window appears on the screen, and the overview of the
whole model is displayed on the "Aerial View" window.

The position and size of the window can be adjusted in the same way as the other
window. The overall view of the model is always fit to the window regardless of the
size and position of the window.

Drag the window bounding rectangle to pan the display of the model.

The window bounding rectangle represents the view range of the display on
the main window. While the rectangle is being dragged, the view of the model
pans continuously.

Choose "Show Numbers" item from iS58 menu.

The object numbers are displayed over the selected objects. If no objects are
selected, all numbers are displayed.

Only element assigned with element property are numbered. Therefore, numbers will
not be shown for elements without property assignment.

amodel =—————————— m8

main window

{Im|

Aerial View

aerial view window

model bounding bo

pYAVAN
0

o,
%
i

]
N
N

ST

<The aerial view window and the image display in the main window >
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Model Rendering

The finite element model can be represented graphically in various forms. You may
set the rendering style and the projection mode by choosing menu items as shown
below. When you change the rendering style or the projection mode, they are
applied to the immediate redrawing of the model and to the future updates of the
image.

« Wireframe — Render by wireframe mesh
Hidden Removed —4— Render by wireframe mesh with hidden lines removed

Outline — Render by outlines
Shaded Image —— Render by shading image
Transparency ——— Render by transparacy shading

Broken Mesh

— Render by blocken mesh
Perspective — Apply perspective projection
stereo ——— Apply stereo projection
Depth Cued — Render by blocken mesh

Background Title {— Display the title of the program in the screen background

Setting rendering style

For graphical representation of model, VisualFEA provides different styles of
rendering as follows.

= wireframe mesh without hidden line removal
= wireframe mesh with hidden line removal

= outline

shading

= transparency shading

< broken mesh

The default style is wireframe mesh. Choose corresponding item from [EIad
menu to change the rendering style. The screen image of the model is
immediately updated using the new style. The style remains effective for future
model rendering until you change the style again.

« Rendering by wireframe with or without hidden line removal

Wireframe rendering is the one represented by the mesh lines of the model. For
solid models, the mesh lines inside the volume are not shown, and only lines on
outer surface meshes are drawn. It is efficient and convenient in many cases to
apply wireframe rendering owing to its speed. However, the shape of shell or 3-D
solid may sometimes look obscured when rendered by wireframe mesh without
hidden line removal. The visual clarity is much improved by removing the hidden
lines. But, rendering with hidden line removal usually takes much longer time than
the one without.
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I

£ = ” i
WA

Wirefreme Wirefreme with hidden lines removed QOutline

]

.,’\ » ) N

A\

Shading Transparacy shading Broken mesh

<Styles of model rendering >

« Rendering by outline

Rendering by outline further simplifies the model image. Only the outlines
necessary for proper representation of the model are extracted and used in
rendering. Its rendering speed is almost equivalent to that of wireframe mesh with
hidden line removal. This style of rendering is also useful for rendering of the
outer surface with contours inside the volume.

« Rendering by shading or transparency shading

Rendering by shading produces more realistic view of the model. The model is
represented by solid surfaces with brightness due to assumed light sources. The
directions and intensity of light sources can be adjusted by using "Preference”
dialog.

Transparency shading represents the model as a transparent object. This rendering
style is also useful for representing the data distribution using iso-surfaces, parallel
planes and so on.



2-52

Chapter 2 Basic User Interface

« Rendering by broken mesh

Rendering by broken mesh produces image of the model with all the elements torn
apart. In order to get broken mesh image, select "Broken Mesh" item from [ISTIEd
menu. Then, the following "Broken Mesh Setting" dialog pops up on the screen.

Broken Mesh Setting

BExpansion ratio

Rendering method
() Hidden line removed
@ Shading

Displaving part
@& Show all elements
() Hide inner elements
() Hide boundary elements
3 Dim inner elements
) Dim boundary elements

[Cancel] [ 0.K. ]

The dialog has following items:

= expansion ratio : Set the value in the editable text box. The expansion ratio
determines how the broken mesh expands or shrinks. If this ratio is greater
than 1, the broken mesh is obtained by inserting gaps between elements. If it
is less than 1, the broken mesh is obtained by shrinking the individual
elements in their original places and thus creating gaps between elements.

= rendering method : Broken meshes can be rendered either by shading or by
wireframe mesh with hidden line removed. Click appropriate dialog button
to select the option.

) e
I s
i\m\\&}"’ AN Y

LY \;\\\\w

Wirefreme with hidden lines removed Shading

<Rendering styles of broken mesh>
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= rendering part : This item determines which part of the model is to be
shown using broken mesh.
- "Show all elements” : All elements are included in the broken mesh.
- "Hide inner elements" : Only the elements on the outer surface will be
drawn.
- "Hide boundary elements" : Only the inner elements will be drawn.

After setting all the above items in the dialog, and click "O.K" button. Then, the
broken mesh image is drawn.

Setting projection mode

The projection mode is the method of projecting the model to the screen, and
concerned with how the model is to be rendered. The following projection modes
are available in VisualFEA.

= perspective mode
= stereo mode
= depth cued mode

Choose corresponding item from [IZIEd menu to change the projection mode.
The screen image of the model is immediately updated using the new mode. The
mode remains effective for future model projection until you change the style
again.

« Perspective mode

VisualFEA supports parallel and perspective modes. The default setting is parallel
mode. Select "Perspective” item from [Z3XIad menu to switch the projection mode.
The grid as well as the model is represented using the current projection mode.
The projection mode is applied also to the data input and object selection.

« Stereo mode (not available in Windows version)

Stereo mode is used for stereoscopic view of the model. The two separate images,
one in blue and the other in red, are overlaid on the screen, and make a
stereoscopic image when viewed using red and blue glasses.

« Depth cued mode

This mode is used to enhance the 3-dimensional visibility. The objects near in front
side are displayed in darker color, and those far in back are displayed in lighter
color.
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Inputting Coordinates of Points

A curve or a primitive surface is defined by control points. Control points are, for
example, the end points of a straight line, the center and two end points of a
circular arc, or the center of a sphere. Thus, a curve or a primitive surface is
constructed by inputting the coordinates of its control points. VisualFEA assumes
all the coordinates are in 3 dimensional Cartesian space. There are two methods of
inputting the coordinates of control points, namely the one using mouse and the
other using keyboard.

Inputting coordinates using mouse

The coordinates of a control point may be entered simply by a mouse click. The
position of the screen cursor at the moment of clicking is related with a point in 3-
dimensional space, which is one of the following five kinds of points:

e apoint constrained on grid planes

= agrid point
a control point of an existing curve or a surface primitive
an existing node point

= 3-dimensional cursor point
Thus, the 3-dimensional coordinates of the point are entered for a new control
point.

« Entering coordinates using grid planes

The coordinates of a point can be entered using a grid plane (xy, yz or zx plane) by
the following steps:

1) Turn on the grid plane, if it is off.

2) Uncheck "Stick to Grid" item of IEM menu, ifit is checked.

Undo 7
Redo
—_—
<Stick To Grid > Uncheck this item.

v Stick To Curve End
v Stick To Node
v Stick To Control Point

Preferences...

3) Move the cursor over the grid plane image.
The screen cursor changes into + shape.

4) Press the mouse button.
While the mouse is pressed, the coordinates at the cursor point are echoed in
the text boxes at the bottom of the tool palette. If you move the mouse
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keeping the mouse button pressed, the text of the coordinates constantly
changes in accordance with the cursor position.

5) Release the mouse button.
The coordinates of the point are entered by the coordinates echoed in the text
box at the moment the mouse button is released.

The coordinates entered as above is constrained by the grid plane. If the screen cursor is
contained within the image of any grid plane, Xy, yz, or zx, the position of the cursor is
mapped into 3-dimensional space by the plane. Accordingly, the cursor point is related to a
point on the plane. In other words, while the cursor moves on the screen, the movement of
the corresponding point in 3-dimensional space is constrained over the surface of the plane.

XY grid plane with constant

=6.0 in this example \"\

screen cursor

The x and y coordinates are
determined by the position of the
screen cursor on the XY plane.

< Example of entering coordinates using the grid planes >

« Entering coordinates using grid points

A grid point is a point at which two orthogonal grid lines cross on a grid plane.
Three-dimensional coordinates can be entered using these grid points by the
following steps.

1) Turn on the proper grid plane, if it is off.

2) Check "Stick to Grid" item of I menu, if it is unchecked.

Undo 7
Redo

d — Check this item.
v Stick To Curve End
v Stick To Node
v Stick To Control Point

Preferences...
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3) Move the cursor close to a grid point.
4) Press the mouse button.

At the moment the mouse button is pressed, the grid point closest to the
screen cursor is marked by @& and the coordinates of the grid point are
echoed in the text boxes at the bottom of the tool palette. As you move the
mouse keeping the button pressed, & mark moves to another grid point

closest to the new cursor position.
5) Release the mouse button.

The coordinates of the point are entered by the coordinates of the grid point

echoed in the text box at the moment the mouse button is released.

Coordinates
B

¥
z

24

18

3

¥

These coordinates are equal to the
coordinates of the grid point
closest to the screen cursor.

screen cusror

grid point closest
to screen cursor

< Example of entering coordinates using grid points >
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« Entering coordinates using control points

The coordinates can be entered using control points of previously created curves or
surface primitives by the following steps.
1) Check "Stick to Control Point" item of IEI menu, if it is unchecked.
2) Move the cursor close to a control point of a curve or a surface primitive.
3) Press the mouse button.
At the moment the mouse button is pressed, the control point closest to the
screen cursor is marked by @& and the coordinates of the control point are
echoed in the text boxes at the bottom of the tool palette.
") Release the mouse button.

Undo
Redo

%z | The coordinates of the point are entered by the coordinates of the grid point

. echoed in the text box at the moment the mouse button is released.

+ Stick To Grid
+ Stick To Curve End
+ Stick To Node

tick To Control Poi 14— Check this item.

Preferences...

The coordinates can be entered using only the end points, instead of control
points, of previously created curves or surface primitives. For example, the end
points of a spline curve, but not the control points in the middle are used for
entering coordinates. To use this option, "Stick to Control Point" item should not
be checked, while "Stick to Curve End" item is checked.

Redo

Undo 7

+ Stick To Curve End
+ Stick To Node

| Check this item an
uncheck this item.

Stick To Control Poinf>—

Preferences...

Coordinates

] .
10.12 screen cursor
viga |
1 control point of the
|46 The coordinates of the truncated cone

control pointis echoed in the
text box: »

< Example of entering coordinates using a control point of a primitive surface >
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« Entering coordinates using nodes

The coordinates can be entered using nodes by the following steps.
1) Check "Stick to Node" item of Il menu, if it is unchecked.

Lndo L
Redo
——

+ Stick To Grid

+ Stick To Curve End
v StickToNode 1 Check this item.
+ Stick To Control Point

Preferences...

2) Move the cursor close to a hode.

3) Press the mouse button.
At the moment the mouse button is pressed, the node closest to the screen
cursor is marked by @& and the coordinates of the node are echoed in the text
boxes at the bottom of the tool palette.

4) Release the mouse button.
The coordinates of the point are entered by the coordinates of the node echoed
in the text box at the moment the mouse button is released.

Coordinates
12.6667
8.83333
5 i

-=

screen cursor
anode point

Pl

The coordinates of
the'node is echoed
in the text box. "

< Example of entering coordinates using a node >
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« Entering coordinates using 3-D cursor

VisualFEA has a special inputting aid called 3-D cursor. The 3-D cursor is useful in
defining a position in 3-dimensional space in conjunction with grid or other points
like nodes or control points. The coordinates can be entered using this 3-D cursor
by the following steps.
1) Turn on the 3-D cursor.
Clicking the 3-D cursor button toggle 3-D cursor. The button is shaped
if the 3-D cursor is on, and if it is off. The 3-D cursor appears on the
screen only in input or modification mode.
2) Move the 3-D cursor point to the desired position.
The method of moving the 3-D cursor is explained in" 3-D Cursor” section of
this chapter.
3) Move the screen cursor over the 3-D cursor point.
4) Click the mouse button.
Then, the 3-D cursor point is marked by &, and the coordinates of the 3-D
cursor point are echoed in the text boxes at the bottom of the tool palette.

l:og@nates

w39 ]
< 32 ) / 3-D-cursor point
z

27 /4 || Thecoordinates of the
3-Dcursor point is
echoed in the text box. X

< Example of entering coordinates using 3-D cursor >
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Inputting coordinates using keyboard

While one of input tools or modification tools is in action, editable text boxes are
shown at the lower part of the tool palette. The x, y and z coordinates of the
control point can be entered or edited within these editable text boxes by the
following steps.
1) Click one of the text boxes containing X, y and z coordinates.
A caret start blinking in the text box, which implies the text is now in editable
state.
2) Edit figures in the text box to represent the desired coordinate value.
3) Click other box and repeat steps 1) and 2), as needed.
Repeat the editing for each text box for the x, y and z coordinates.

4) Press key (Windows : key).

The values in the text boxes will be entered as the coordinates of a control

point.
Y
Coordinates
#|12.76 New control
Y |33.065 pointis inputted.
2[5

Edit the text of

: —» Pressreturn key.
the coordinates. Y

| Daprdinales

LZE:'

Click this part to toggle the absolute
and the relative coordinates

< Example of entering coordinates using keyboard >

The keyboard input is useful when the control point does not agree with any grid
point or existing control points, but accurate coordinate input is required.

« Inputting the coordinates by offset distance

The coordinates may be inputted by relative values, or offset distance. Click the
part circled in the above figure. Then, the heading turns into "DX", "DY" and "DZ",
which indicate that the inputted values represent the relative coordinates.

» Keyboard input with combined use of the grid points

The coordinate input may be further facilitated by combining the grid
input and the keyboard input in the following way.



1)
2)

3)

4)
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Move the cursor over to the grid point close to the desired input point.
Press key (Windows : key), and click the grid point.

At the moment the mouse button is pressed, the grid point is marked by &,
and its coordinates are echoed in the text boxes. But, the & mark disappears
as soon as the mouse button is released. This indicates that the coordinates
are not actually inputted.

Edit a part of the text to represent the desired coordinate value.

Repeat the editing for each of text box for the x, y and z coordinates.

Press key (Windows : key).

The values in the text boxes will be entered as the coordinates of a control
point.

Click the grid point

//*\wjt_h key pressed. Do L
% ! Coordinates Coordinates / =T
%16 t[16.6 /Newcoordinates
vli2 w123 are inputted.
Z|3 Z(3

The coordinates of the Edit the text of the
grid point is echoed. coordinates, and
press return key.

< Example of keyboard input with combined use of the grid points >

« Repeating the last input

It is sometimes necessary to overlay the new point on the last input point. It is
achieved simply by pressing the "space bar" of the keyboard. It works only
immediately after the last point is entered. Once any other action is taken, this
function of repeating the last input will not work until a new point is inputted
again.

Undoing coordinates input

Undo
Redo

Duplicate and

®Z
Cut X
Capy #®C
Paste BY
Clear EK

In order to cancel the last input , select "Undo" item of Il menu. Then,
the last entered control point disappears, and the menu item "Redo" is
enabled. If you select "Redo" item, the disappeared control point will be
recovered. Another way of undoing is to press key.

For coordinates input, “Undo” and “Redo” can be repeated as many times as
it is effective. For example, if you are creating a spline curve and have
entered 5 control points so far, you can consecutively undo these 5 points by
selecting repeatedly “Undo” item. At the moment all the points are undone,
there is a beep sound indicating that there are no more points to undo.
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Selection
Y57 Press one of the selection tool buttons in order to select objects including curves,
% @ @f primitive surfaces, nodes, elements, or meshes. Selected objects are always

= highlighted in blue color. Selected objects are usually applied for next processing.
Accordingly, some of the processings are activated depending on the state of the
selected objects. They are summarized in the following table.

< Object selection and related processings >

Selected Related processings
object

get node information, show node number,
Node drag node, assign boundary conditions, assign load(nodal)

get element information, show element number,
assign element properties, assign load(uniform, mid point,

Element .

trapeziform, body)

get curve information, show curve number, reshape,

delete, copy, project, intersect, link, separate, fillet, duplicate,
Curve assign boundary conditions, assign load(uniform,mid point,

trapeziform), divide, generate mesh (auto mesh,
auto mesh on primitive, 2 edges, 3 edges, 4 edges, 12 edges,
extrude to curve, sweep, revolve, twist)

Surface | 9etsurface primitive information, show surface primitive number,
mesh delete, copy, intersect, generate mesh (auto mesh on primitive)

get surface mesh information, show surface mesh number,

delete, copy, project, duplicate, hide, move,

Surface | assign boundary conditions, assign element properties,

primitive | assign load (uniform, hydrostatic, body), contour on selected object,
generate mesh (extrude to surface primitive, extrude to mesh,
sweep, revolve, twist)

get volume mesh information, show volume mesh number,
delete, copy, duplicate, assign element properties,
assign load(body), hide, expand, move, rotate

Volume
mesh
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Tools for object selection

In VisualFEA, curves, primitive surfaces, nodes, elements, and meshes are the
kinds of objects that can be selected. There are a few different tools of selection
specific to each kind of the objects.

= Node selection tool

The node selection tool is used to select node(s). When the tool button is
pressed, a text box for inputting or displaying a node humber appears at the
bottom of the tool palette. The selected node number is shown in this text box only
when a single node is selected. If a number is entered in this text box, the node
with corresponding number is selected. The text box is initially blank as shown
below, when the tool is started. It also becomes blank when more than one node is
selected. The number can be increased or decreased by using or keys
respectively. The first and the last number can be selected instantly by pressing
or keys respectively.

Although the nodes on the backside of the model are hidden in shading or wireframe image
with hidden line removal, they are still selectable. You may make these nodes unselectable
by choosing "'Shut Invisible Node" item from menu. See also ""Making invisible
nodes unselectable™ in the *Viewing Control™ section of this chapter.

= Curve selection tool

The curve selection tool is used to select curve(s). When the tool button is
pressed, a text box for inputting or displaying a curve number appears at the
bottom of the tool palette. The selected curve number is shown in this text box
only when a single curve is selected. If a number is entered in this text box, the
curve with corresponding number is selected. The text box is blank, when the tool
is started, or when more than one curve is selected.

« Surface primitive selection tool

The surface primitive selection tool is used to select surface primitive(s).
When the tool button is pressed, a text box for inputting or displaying a surface
primitive number appears at the bottom of the tool palette. The selected surface
primitive number is shown in this text box only when a single surface primitive is
selected. If a number is entered in this text box, the surface primitive with
corresponding number is selected. The text box is blank, when the tool is started,
or when more than one surface primitive is selected.
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Select Line Elem.

Select Surface Elem.

=« Element selection tool

The element selection tool is used to select element(s). When the tool button is
pressed, a text box for inputting or displaying a element number appears at the
bottom of the tool palette. The selected element number is shown in this text box
only when a single element is selected. If a number is entered in this text box, the
element with corresponding number is selected. The text box is blank, when the
tool is started, or when more than one element is selected.

When the element selection tool is on, there appears menu to the right
of the menu bar. The menu has items designating what type of element is to

+ Selact Volume Elem. be selected: line, surface or volume element. The current type of element for

Surface No.

S

Dolume Mo.

vofte ]

selection is indicated by the check mark in front of a menu item.

selected element

Line elements Surface elements Volume elements

< Selecting elements >

= Surface mesh selection tool

The surface mesh selection tool is used to select surface mesh(s). When the
tool button is pressed, a text box for inputting or displaying a mesh number
appears at the bottom of the tool palette. The selected surface mesh number is
shown in this text box only when a single surface mesh is selected. If a number is
entered in this text box, the surface mesh with corresponding number is selected.
The text box is blank, when the tool is started, or when more than one surface mesh
is selected.

= Volume mesh selection tool

The volume mesh selection tool is used to select volume mesh(s). When the
tool button is pressed, a text box for inputting or displaying a mesh number
appears at the bottom of the tool palette. The selected volume mesh number is
shown in this text box only when a single volume mesh is selected. If a number is
entered in this text box, the volume mesh with corresponding number is selected.
The text box is blank, when the tool is started, or when more than one volume
mesh is selected.
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Methods of selection

In order to select object(s), one of the object selection tools should be in pressed
state. Only the kind of objects corresponding to the currently pressed tool can be
selected. The selection is aware of 3 dimensional space. That is, the selection is
sensitive to front and back relationship of the objects in screen coordinates,
depending on the selection method and the kind of objects. Objects may be
selected either by single or by multiple. There are a number of ways to select
objects as described below.

« Selecting a single object by a mouse click

An object can be selected by a mouse click in the following 2 steps.
1) Position the screen cursor over the object to select.
At this stage, an arrow cursor R should appear on the screen.
2) Click the mouse button.
Selection is determined by the location of the cursor at the moment of mouse
click, and the selected object is highlighted in blue color.
The rules of determining the selection are different depending on the kind of
objects, as described in the table "Rules of object selection” of next page.
The tolerance range in the table implies the range of searching the selected object, and is
initially set as 5 pixels, but can be altered by preference setting. Refer to "Tolerance
settings™ of "'Setting Preferences™ section of this chapter.

« Selecting objects using keyboard

If you insert a number in the text box at the bottom of the tool palette, the object
with the number is selected. Instead, you may scroll the number using , ,
or key. Selection changes in conjunction with the scrolling number.

See also "'Selecting an object by its number" in "Viewing Control™ section of this chapter.

« Selecting an object in the rear side by () key click

In the case of selecting an element or a mesh by mouse click. as described above,
the one in the front side is always selected. However, you may sometimes need to
select the one in the rear. This can be achieved by clicking the object while pressing

key (Windows : key).

« Adding selected objects using shift click

Any previous selection is automatically cleared by the new selection. That is, if
you select some objects, the list of the previously selected objects is cleared, then
the newly selected objects are registered in the list. If you want to add more objects
to the list of the selected objects without clearing previous selection, select the
objects by the one of the selection method while keeping key pressed.
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< Rules of object selection>

Kind of objects

Rules of selection

Node

The node is closest to the cursor.
The node is within the tolerance range from
the cursor.

Element (line)

The shortest distance from the line element to
the cursor is the smallest.

The shortest distance is within the tolerance
range.

Element (surface)

Element (volume)

The screen image of the element contains the
cursor point.

The element is most in front among the
elements containing the cursor.

Curve

The shortest distance from the curve to the
cursor is the smallest.

The shortest distance is within the tolerance
range.

Primitive surface

The shortest distance from the outlines of the
primitive to the cursor is the smallest.

The shortest distance is within the tolerance
range.

Surface mesh

Volume mesh

The screen image of the mesh contains the
cursor point.

The mesh is most in front among the meshs
containing the cursor.

« Selecting multiple objects by rubber banding

You can select more than one object at once by rubber-banding, which implies

drawing a rectangle as follows:

1) Position the screen cursor at one point.

Imagine 4 corners of a rectangle on the screen. Place the cursor on one of the

corners.

2) Press the mouse button and drag the cursor diagonally.

You are now moving the cursor from one cornet to the opposite corner. A
rectangle is drawn. The rectangle constantly changes along the movement of

the cursor. This is called rubber-band rectangle.
3) Release the mouse button.
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Then the rubber-band rectangle disappears, and the objects within or across
the rubber-band rectangle are selected.

The range of selection is determined by how the rubber-band rectangle is drawn as
described below.
< Rubber-band rectangle is drawn from top to bottom direction: Objects
completely contained by the rubber-band rectangle are selected.
= Rubber-band rectangle is drawn from bottom to top direction: Objects
completely contained or touched by the rubber-band rectangle are selected.

he rubber-band is drawn
rom top to bottom.

Only the objects completed contained
by the rubber-band are selected.

All the objects surrounded or touched
by the rubber-band are selected.

The rubber-band is drawn
from bottom to top.

< Selecting objects by rubber-banding>

« Selecting all

Choose "Select All" item from JEI menu. All objects of the kind corresponding
to the current selection tool will be selected.

« Unselecting objects

Click the window so that no selection is made. Then, the previous selection is
cleared. If you want to unselect only part of the previous selection, click the objects
to unselect, while keeping shift key pressed.
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Chapter 3 Curves and Surface Primitives

Curve is used here as a generic term designating various kinds of lines, from
straight lines to parametric curves. Curves are used as the most basic objects
defining the geometry of the finite element model. The following types of curves
are supported in VisualFEA.

= straight line

= circular arc, circle

= elliptic arc, ellipse

= cubic spline curve, B-spline curve, Bezier curve, polynomial curve
= polyline

= rectangle

In VisualFEA, curves are used extensively for mesh generation, in various forms as
follows:

= as seed curves generating nodal points

< as boundary curves enclosing the mesh

= as the axis of revolution or the path of sweeping for mesh generation
< as curve divisions controlling the mesh density

Surface primitive implies analytic or parametric surface defined as a constraint for
mesh generation, and is termed here as such to distinguish it from surface mesh.
The following types of curves are supported in VisualFEA.

« sphere

= cylinder, cone, truncated cone

* torus

= plane, B-spline surface, Bezier surface

The surface primitives may be used as a mapping space or bounding surface for
mesh generation. They may also be used to create curves in 3-dimensional space
by their intersection.

The curves and surface primitives are created interactively by inputting control
points using either mouse or keyboard. Once created, curves or surface primitives
can be modified later. General editing commands such as coping, duplicating,
deleting are available for them. They can also be processed by various operations
such as intersecting, linking, filleting and projecting.

Curves and surface primitives are meaningful as parts of a geometric model for
finite element analysis. They are not directly involved in actual processing of finite
element analysis, but are used as modeling objects defining nodes and elements.
Curve division is used for creation of line elements as well as for controlling the
mesh density.
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Creating Curves and Surface Primitives

Curves and surface primitives are created by inputting a certain number of control
points. The number of points that define a curve or a surface primitive is
determined by the type and, in some cases, by the method of creation. A curve is
constructed by inputting the control points in sequence. When the specified
number of control points are entered, the curve is completed automatically, and the
computer is ready for creating the next curve.

However, the number of control points are not specified in case of parametric
curves such as spline or Bezier curves. In such cases, the curve is completed when
termination of the input is informed by entering key (Windows : key)
or clicking the last point twice.

To create a type of curve or surface primitive, the corresponding tool button should
be pressed. As long as the button is pressed, inputting of the control points can
proceed without interruption. For example, a view angle or rendering mode can
be changed without terminating the input procedure.

Creating straight lines

Press the line tool button in order to create straight lines. The coordinates of
the two end points defining a straight line can be entered either by clicking the grid
points or by inserting the text of the coordinate values in the text box at the bottom
of the tool palette. Creation of straight lines can be repeated as many times as
desired, while the line tool button is in its pressed state.

A straight line has a direction. This direction is determined by which one of the two end
points is first defined. That is, a straight line is directed from the first end point to the
other. The direction of a line makes sense in such cases as dividing a line and assigning
load conditions. However, these applications can be properly handled by the software
regardless of the direction.

! Zats

Inputting the first point Inputting the 2nd point Inputting the 3rd point

<Procedure of inputting a circular arc >
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Creating circles or circular arcs

Press the circle tool button in order to create circles and circular arcs. The
menu appears at the right end of the menu bar. The menu items, as shown
below, consist of options to set whether to make circle or to make arc, and how to
input. The first 5 items are used to create circular arcs and the others to create
circles. The Omarked option is effective for future creation of circles or circular
arcs. The option can be changed by selecting the menu item before or while the arc
or circle being created.

| circle

v Arc
Clockwise Arc
Counter-CW Arc
Three Point Arc
Center & Angle Arc

—1— Arc with the central angle less than 180°.

—t— Arc directed clockwisely from the starting point to the end point .

—1— Arc directed counter clockwisely from the starting point to the end point .
—1— Arc defined by three points on it .

—1— Arc defined by the center, the starting point and the central angle .

Clockwise Circle
Counter-CW Circle
Three Point Circle

—1— Circle directed clockwisely from the starting point to the end point.
—1— Circle directed counter clockwisely from the starting point to the end point .
— Circle defined by three points on it .

Center & Radius Circle— Circle defined by the center and the radius.

= Arc

While this option is active, an arc is created by entering its center and two end
points. The direction of the arc is determined so that its central angle become less
than 180°.

The following figure shows an example of creating a circular arc by application of
this option. When the center and the starting point of the arc are entered, a full
circle is drawn. This circle represents the possible path of the arc, which is finally
set by entering the third point, i.e., the end point of the arc.

@ s
1 1 &
3
Inputting Inputting Inputting
the first point the 2nd point the 3nd point

< Procedure of inputting a circular arc >

The end point may not coincide with the third input point as shown in this
example. Then, the coordinates of the end point are determined so that the arc is
trimmed by the line extending the center and the third input point.
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starting point

center

line connecting

end-point
the center and the 3rd input point

< Construction of an arc >

As shown below, the central angle of a arc made by this option is always less than
180°, and accordingly, the arc is directed from the starting point to the end point.

< The arcs are made so that their central angles are less than 180° >

= Clockwise Arc

While this option is active, a circular arc is created by entering its center and two
end points. The arc is directed clockwise from the first end point to the second.

The meaning of "clockwise" or "counter clockwise" is relative to the view direction
in 3-dimensional space. That is, the direction is based on the current view of the
screen. Therefore, a clockwise arc may look counter clockwise, when the screen
view is reversed by rotating the view direction. However, the absolute direction of
the arc in 3-dimensional space remains the same as created, regardless of the view
transformation.

=« Counter-CW Arc

While this option is active, a circular arc is created by entering its center and two
end points. The arc is directed counter-clockwise from the first end point to the
second. Here, the direction of the arc is based on the current view of the screen, as
in the case of "Clockwise arc".
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< Clockwise arc and counter-CW arc >

=« Three Point Arc

While this option is active, a circular arc is created by entering three points on the
arc consecutively, i.e. the starting point, a mid-point, and the terminal point. The arc
is directed from the starting point through the mid-point to the terminal point.

ERRERENS

< Three point arc >

« Center & Angle Arc

A dialog box appears when this option is selected. A circular arc is created by
entering its center and the starting point, and specifying its central angle using the
text box of the dialog. The central angle is set initially as 90° in the text box. The
central angle can be modified as desired by editing this text. is
dimmed at the beginning, and is not in clickable state. Only after the center and the
starting point of an arc are entered, this button becomes enabled. A circle is created

by clicking this button, or pressing key (Windows : key).

= Center & Angle Arn =B

90 Degree Editable text to input the central angle

[_—]Make Circle This button is dimmed,
— ] but becomes enabled after the central angle and the starting point are entered.

A
Kiake Circle. Creation of a circle is completed by clicking this button or presseing return key
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= Clockwise Circle

While this option is active, a circle is created by entering its center and two other
points. The first of the two points specifies the starting point of its circumference.
The circle is directed clockwise from this point and back to the point. The second
point is a point on the plane of the circle, but not on the line connecting the first
and the second point. The plane of the circle is determined by entering this point.

The first two points are enough to define a circle on a plane, although one more point
determining the plane of the circle is necessary in 3-dimensional modeling. However,
VisualFEA asks for the 3rd point even in the case of planar modeling, because 3-
dimensional data input is assumed regardless of the actual dimension of modeling.

= Counter-CW Circle

While this option is checked, a circle is created by entering three points in the same
manner as in the case of "Clockwise Circle." The circle is directed counter-
clockwise

= Three Point Circle

While this option is checked, a circle is created by entering three points on the
circle consecutively, i.e. the starting point and two other points on the
circumference. The circle is directed from the starting point toward the second.

=« Center & Radius Circle

A dialog box appears when this option is selected. A circle is created by entering
its center and specifying its radius using the text box of the dialog. At the
beginning, the radius is set as 1 in the text box. This radius can be modified as
desired by editing this text. is dimmed at the beginning, and is not in
clickable state. Only after the radius and the center of a circle are entered, this
button becomes enabled. A circle is created by clicking this button, or pressing

key (Windows : key).

Circle Radius =B

Radius |3 editable text to input the ratio

- This button is dimmed,
Makeﬂj but becomes enabled after the radius and the center are entered.

Make Circle Creation of a circle is completed by clicking this button

or presseing key (Windows : key).
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Creating ellipses or elliptical arcs

Press the ellipse tool button in order to create ellipses or elliptical arcs. The
IEIEEA menu appears at the right end of the menu bar. The menu items, as
shown below, consist of options to select the type of the ellipse, i.e., quarter, half or
full ellipse. The Omarked option is used for creation of ellipses and elliptical arcs.
The option can be changed by selecting the menu item before or while the ellipse
or elliptical arc being entered.

The ellipse or elliptical arc is completed by entering 3 points, regardless of the type
of the ellipse. The first point is the center of the ellipse or elliptical arc, and the
second point is the starting point of the circumference. The line connecting these
two points becomes the first radius, r; as shown below. The third point is not
necessarily on the circumference of the ellipse or elliptical arc, but determines the
second radius, r, and the plane on which the ellipse or elliptical arc lies. r, is set as
equal to the distance between the first and the third points. The three points form
the plane on which the ellipse or elliptical arc lies. But they should not lie on a
common straight line, in case which the ellipse or elliptical arc cannot be defined.

Elliptical arc with a quarter of an ellipse
— Elliptical arc with a half of an ellipse

— Full ellipse

« Quarter

While this option is checked, an elliptical arc, with a quarter of an ellipse, is created
by entering three points, as in the manner described above. The elliptical arc of
this option has circumference with a central angle of 90° starting from the second
input point and ending at the end of the second radius as shown below. When the
second point is entered, a circle is drawn temporarily, with its center at the first
point and with its radius connecting the first and the second points. The plane and
the part of the ellipse consisting the arc are determined by the third point.

This 3rd point defines the direction and the 2nd radius of the arc.
The plane of the ellliptical arc is also determined by this point.

The plane of the elliptical arc.

< Quarter ellipse >
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« Half

While this option is checked, an elliptical arc, with a half of an ellipse, is created by
entering three points, in the manner described above. The half ellipse has the
circumference starting from the second input point and is symmetric about the
second radius as shown below.

When the second point is entered, a temporary circle is drawn, with its center at
the first point and with its radius connecting the first and the second points. The
plane and the part of the ellipse consisting the arc are determined by the third

point.
2 3
1 \‘/\g
The length of the 2nd radius, r, is equal to this distance.
< Half ellipse >
= Full

While this option is checked, an ellipse is created by entering three points, as in the
manner described above. The ellipse created by this option has circumference
starting from the second input point and turning around back to this point. When
the second point is entered, a circle is drawn, with its center at the first point and
with its radius connecting the first and the second points. The plane and the
second radius of the ellipse are determined by the third point.

< Full ellipse >
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Creating parametric curves

Press the curve tool button in order to create parametric curves, which are
defined by three or more control points. The E menu appears at the right
end of the menu bar. The menu items, as shown below, consist of options to select
the type of the curve, i.e., cubic spline, B-spline, Bezier, parabola and polyline. The
Omarked option is used for creation of parametric curves. The option can be
changed by selecting the menu item before or while control points being entered.
The shape of the curve is formed as the control points are consecutively entered.
There is no limit to the number of control points on a curve. In order to terminate
entering the control points and complete a curve, click the last control point once

again, or press key (Windows : key).

—— Cubic spline curve

B-spline curve

Bezier curve

Polynomial curve represented by Laplacian parameter

Polyline —

Polyline represented by line segments

« Cubic Spline

While this option is checked, a cubic spline curve is created by entering four or
more points.  When the first and the second point are entered, a straight line is
drawn, connecting these two points. The third point makes a parabola. A cubic
spline curve is formed after the fourth and the consecutive points are entered. The
shape of the curve is continuously varied as the control points are added, and
finalized only when the last control point is entered.

2 2
i /
1 1 1
3
The first point is entered. Straight line is formed A parabola is formed
by the 2nd point. by the 3rd point.
5
2 2
4 4
1 1
3 3
A cubic spline curve is formed A cubic spline curve is completed by
by the 4th points. clicking the last point or entering
“return” key.

< Progress of creating cubic spline >
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« B-Spline

While this option is checked, a B-spline curve is created by entering three or more
control points. When the first and the second point are entered, a straight line is
drawn, connecting these two points. A B-spline curve is formed when the third
and the consecutive points are entered. The process of creating B-spline curves is
similar to that of creating cubic spline curves. A closed B-spline curve is obtained
by overlapping the last control point over the first one.

« Bezier

While this option is checked, a Bezier curve is created by entering three or more
control points. A Bezier curve is formed when the third and the consecutive
points are entered. The process of creating Bezier curves is similar to that of
creating cubic spline curves.

« Polynomial

While this option is checked, a polynomial curve is created by entering three or
more control points. A polynomial curve represented by Laplacian parameters is
formed when the third and the consecutive points are entered.

« Polyline

While this option is checked, a polyline is created by entering three or more control
points. A polyline is represented by line segments connecting consecutive two
points. A polygon is obtained by overlapping the last control point over the first
one.

Cubic spline curve B-spline curve Bezier curve
Polynomial curve Polyline

< Parametric curves >
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Creating rectangles

Press the rectangle tool button @ in order to create rectangles, which are defined
by entering two diagonal corner points of the rectangle. If these two points are on
a grid plane, the rectangle is created on the same plane. For example, the first and
the second points have the equal z coordinate value, the plane of the rectangle is
perpendicular to the z axis. If the corner points do not form a common plane
normal to any one of X, y and z axis, the plane of rectangle is determined so that
the shorter edge of the rectangle is made parallel to one of the coordinate axes. A
rectangle is treated as one curve rather than four line segments.

o

[

< Rectangle >
Creating single points

A single point, which does not belong to a curve, can be created by entering
identical coordinates twice. Using a grid, this can be achieved simply by entering a
point and clicking the point once again. This procedure is valid only when the
straight line tool is activated. A single point is useful as a reference point for
inputting various curves. For example, when a circular arc is created, its center is
not marked visually. So, it is sometimes difficult to overlay a control point of other
curves over the identical point. In this case, the process can be facilitated by first
inputting a single point at the center and using this as a reference.

—@

1+2
Inputting the first point. Creating a single point by
clicking the first point again.

< Single point >
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Creating parametric surfaces

Press the surface tool button in order to create parametric surfaces. The types
of parametric surface include flat plane, B-spline surface, Bezier surface and
Lagrangian surface. In order to set the type for creation, select one of the items

from the menu shown below. Currently effective type is marked by O
The default type is initially set as a Bezier surface.

| surface

Flat Plane —t——Create flat planss.
B-Spline Surface  ————Create Bspline surfaces.
+ Bezier Surface ———Create Bezier surfaces.
Lagrangian Surface ——Cragte Lag&ngmn surfaces.
+ Display Control Curve— | Lisplay the control curves {;’:}ze smﬁzce
Display Control Net DiSpItIy the control nets G t . , .
Display Hidden Removed | Display the control curves of the sunﬁzce with hidden tines removed.

« Flat Plane

While this type is O marked, a flat plane is created by entering 3 points. As
exemplified in the following figure, the flat plate is represented by a diamond
shape. The first and the second input point form an edge of the diamond, and the
second and the third point form another one.

Inputting 1st point Inputting 2nd point Inputting 3rd point
< Creating a flat plane >

Modification mode is automatically activated right after a flat plane is created. Any
of the three points can be selected and modified without sequence. Place the
screen cursor on one of the points marked with :, and press the mouse button.
Then, the mark will be changed into & . Keep the mouse button pressed while
moving the cursor to the desired point. The & mark moves along with the cursor.
Release the mouse button. Then, the selected point moves to the last point of &
mark. The new coordinates of the selected point can also be entered directly using
the keyboard. When one of the three points is selected and marked by @& . the
coordinates of the point are displayed in the editable text boxes at the bottom of the
tool palette. Edit the coordinate values and press - key (Windows : -
key). Then, the point moves to a new location corresponding to the entered
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coordinates.

« B-spline Surface

While this type is Omarked, a B-spline surface is created by specifying the size of
the control net, entering 3 corner points and consecutively editing the coordinates
of the control points. The size of the control net is defined in the form of m” n and
entered using "Surface" dialog. Here, the control net is a lattice of (m+1)" (n+1)
control points in array of (m+1) rows and (n+1) columns.

=— Surface = H
Control
®
ot [ Jxe]
m n

Control points

n=>5

< Control net defining a surface >

To create a B-spline surface,

1. Enter m" n, the size of the control net in the "Surface" dialog.
2. Input the first and the second point.
They form a line connecting two corners of the control net. The line is also an
edge of the control net, consisting of (m+1) control points.
3. Input the the third point.
The initial state of the control net is constructed by entering the third point.
Another edge of the control net is aligned with the second and the third point.
But, the corner of the control net may or may not coincide with the third
point. The actual coordinates of the corner point are determined so that the
control net forms a rectangle.
All the control points on the control net lies initially on a plane. In order to
construct a desired surface, the control points should be moved, one by one, to the
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This corner point is determined so that The control points are ready
the control net forms a rectangle. for modification.

2 2 3 /
@

=
=

Inputting the 1st and the 2nd points Inputting the 3rd point Inital state of the control net

< Creating a B-spline surface >

desired positions as follows.
1. Select the control point to move, by clicking the point.
The selected control point is highlighted by = mark.
2. Move the selected control point.
The control point can be moved either by dragging the point on the screen, or
by entering the new coordinates in the text boxes of the tool palette.
3. Repeat the step 2, and 3 for all the control points which should be modified.

A control point is selected. The selected point is moved.

< Modifying the control net >

= Bezier Surface

« Lagrangian Surface

When these options are effective, Bezier surfaces and Lagrangian surfaces are
respectively created by constructing and consecutively editing the control net of
the surface in the same manner as that of B-spline surface.
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Creating spheres

Press the sphere tool butt0n|:| in order to create spheres. A sphere can be
defined either by inputting its center and radius, or by inputting its center and one
point on the sphere. The ELEZEM menu shown below is provided with options to
select one of the two methods.

Create sphere by inputting its center and radius.
Create sphere by inputting its center and one point on the sphere.

« Sphere by Radius

"Sphere" dialog appears as shown above, when this option is selected. The radius
of the sphere can be entered using this dialog. A sphere is created by inputting its
center and the radius.

Modification mode is automatically activated right after a sphere is created. Its
center and radius can be modified consecutively Place the screen cursor on the
center marked with -, and press the mouse button. Then, the mark will be
changed into @. Keep the mouse button pressed while moving the cursor to the
desired point. The & mark moves along with the cursor. Release the mouse
button. Then, the center of the sphere moves to the last point of & mark. This
operation on the newly created sphere can be repeated as many times as wanted.
The modification mode is terminated and the center of the sphere is finalized by a
light click at any point other than the sphere center.

The radius of the sphere can be modified by entering the radius in the "Sphere”
dialog.

Here "light click" implies touching mouse button slightly. ""Hard click™, implies pressing
mouse button for a little while, say one second, and releasing it. Hard click will give a
different result. Not only the movement of the center is terminated, but also a new sphere
with its center at the point of the click will be created.

“The radius is
entered here

=—— Sphere B

Radius 1 |6

< Creating a sphere by its center and radius >
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A sphere is created.

Modification mode is activated.  The center of the sphere is moved.  Modification mode is terminated.
The center of the sphere is fixed.

< Moving the center of the newly created sphere >

« Sphere by 2 Points

While this option is effective, a sphere is created by inputting 2 points, i.e., its
center and one point on the sphere. "Sphere" dialog is not shown. The first input
point becomes the center of the sphere. And the second point defines the surface
of the sphere. The radius of the sphere is determined by these 2 points.

Dragging the mouse with its button pressed while entering the second point will
visualize the changing size of the new sphere. The second point moves along with
the cursor, and accordingly the radius of the sphere changes. The creation of the
sphere is completed at the moment when the mouse button is released.
Modification mode is automatically activated right after a sphere is created. And,
its center and the second point can be modified consecutively in the same way as
explained for "Sphere by radius” While moving one of the two points, the other
point stays unchanged, and accordingly the radius of the sphere changes.

In order to move the whole sphere without changing its radius, press the "shift"
key while doing the above operations.

The radius is
determined by this
distance

< Inputting a sphere by its center and one point on the sphere >
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Creating cylinders, cones or truncated cones

Press the cylinder tool button |:| in order to create cylinders, cones or truncated
cones, which are treated as the same kind of primitive surfaces in VisualFEA.
These primitive surfaces are defined by two end points which form an axis, and
two radii. A cylinder is created when the two radii are the same. As shown in the
figures below, a truncated cone is made when the two radii are different, and a
cone is obtained when one of them is zero. The two radii are entered using the
"Cylinder" dialog. The texts entered for "Radius 1" and "Radius 2" define the radii
at both ends of the surfaces. The texts can be entered before, after or during
inputting the end points.

Modification mode is automatically activated right after a sphere is created. And,
its center and the second point can be modified consecutively in the same way as
explained for "Sphere by radius”

B B

Cylinder Cylinder

= e
AN r
=——— (ylinder==8H
Radius 1 _
Radius 2

Radius 2/[4 Radius 2

4

r,=4

1

Cylinder Truncated cone Cone

< Inputting a cylinder, a cone or a truncated cone >

The surface is represented by outlines. Only the visible part of the outlines is displayed so
that the screen drawing is simplified. The visible part changes depending on the view

direction as shown below.

< Different display of a truncated cone depending on the view direction >
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Creating tori

Press the torus tool button |:| in order to create tori, each of which has an axis
and two radii. The axis is defined by two points. The texts entered for "Radius 1"
and "Radius 2" define respectively the radius r, of the small circle and r, of the large
one as indicated in the figure below. The texts can be entered before, after or
during inputting the axis points.

Modification mode is automatically activated right after a torus is created. And, its
center and the second point can be modified consecutively in the same way as
explained for "Sphere by radius."

———Torus =—=H
Radius 1 |23 Torus axis
Radius 2 [5.1 |

< The axis and two radii of a torus >

The surface is represented by outlines. Only the visible part of the outlines is displayed so
that the screen drawing is simplified. The visible part changes depending on the view
direction as shown below.

SIOAN

< Different display of a torus depending on the view direction >
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Handling Curves and Surface Primitives

Once created, curves and surface primitives are handled as modeling objects.
They can be edited, or processed by various operations.

General editing commands

General editing commands such as coping, duplicating, deleting are applicable for
curves and surface primitives.

« Deleting curves and surface primitives

In order to delete curves or surface primitives, first select the objects to delete, and
select "Clear" item from XM menu, or press delete key. When a curve or a
surface primitive is deleted, the control points on it are also deleted. But, the
control points shared by other curves or surface primitives are not deleted.
Likewise, all the nodes allocated on the deleted curve are removed, but nodes
shared by other curves or meshes cannot be deleted. In this context, a meshed
curve cannot be deleted. In order to delete a meshed curve, all the meshes
associated with the curve should be deleted in advance.

« Copying curves and surface primitives

In order to copy curves or surface primitives, select the objects to copy, and select
"Copy" item from I menu. The copied objects are stored in the computer
memory and can be pasted later.

« Cutting curves and surface primitives

Cutting deletes the selected objects, and at the same time, stores the deleted objects
in the computer memory. This is done by "Cut” command in IEZ# menu, and has
the same effect as deleting after copying the selected objects.

« Pasting curves and surface primitives

"paste” command in Xl menu pastes the objects which have been stored in the
computer memory by "Cut" or "Copy" command.

Reshaping and moving

It is sometimes necessary to modify curves or surface primitives, which were
previously created. Modification mode should be activated in order to start
modification. Under modification mode, control points can be moved to other
positions, and some attributes may be altered using dialog boxes. But adding or
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deleting control points are not allowed.

You may reshape a curve or a surface primitive by modifying its control points
individually. Or, you may move an entire curve or an entire primitive by a single
operation.

A divided curve has nodes on it. When a curve is modified, its nodes are also moved on to
the new path of the curve. Meshes are generated on the basis of curves and surface
primitives. Any curve or primitive surface associated with meshes cannot be modified.

» Activating modification mode

Modification mode is activated by modification tools. Click the curve
modification tool button to modify curves and the surface modification tool
button to modify the surface primitives. The modification mode is deactivated
when any other tool is activated.

Modification mode is also activated automatically right after creating a surface primitive.
Modifying surface primitives under this situation is described in each section of creating
primitive surfaces.

« Moving control points by mouse

A control point of a curve or a surface primitive can be dragged to another position
by using mouse as follows:

1) Select a curve or a surface primitive to modify.

The selected curve or primitive is highlighted in blue color, and all the control
points of the curve or primitive are marked by = .

2) Click the control point to move.

The clicked point gets @& mark. The coordinates of the point are displayed
on the text boxes at the bottom of the tool palette.

3) Place the screen cursor over the & mark, and press the mouse button.

Now the point is ready for movement.

4) Drag the point to the desired position, and release the mouse button.

As you move the mouse, the & marked point follows the cursor movement.
The point is dragged to the position where the mouse button released.
Accordingly, the shape of the curve or primitive is modified.

5) Repeat 2), 3) and 5) for all the control points which should be modified.

While this modification process is going on, the original shape as well as the
modified shape is displayed. The original shape is represented in black and
the modified one in blue.

6) Complete the modification by clicking any point not on the curve or primitive.
When modification is completed, the original shape disappears, and the
modified shape settles with moved control points. The color of the modified
shape turns into black. Now, another curve or surface primitive can be
modified by starting from step 1 again.
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« Moving control points by keyboard input

The control point can be moved also by entering coordinates using the keyboard as
follows:

1) Select a curve or a surface primitive to modify.

2) Click the control point to move.

3) Edit the coordinates of the selected point in the text boxes in the tool palette.
The coordinates of the selected point are displayed in the editable text boxes.
Select and edit the X, Y and Z coordinates as desired.

4) Press key (Windows : key).

The modified coordinates are entered, and the selected point is moved to the
new point.

5) Complete the modification by clicking any point not on the curve or primitive.
Now, another curve or surface primitive can be modified by starting from step
1 again.

Mouse and keyboard may be used alternately while modifying a curve or a
surface primitive.

« Moving an entire curve or surface primitive

You may move an entire curve or an entire primitive by specifying the movement
of a point on it.
1) Select a curve or a surface primitive to modify.
2) Click the control point to move.
3) Press shift key.
4) Place the cursor over the @ marked point, and press the mouse button.
5) Drag the point to the desired position, and release the mouse button.
The entire curve or primitive moves along with the movement of the selected
point.
6) Complete the modification by clicking any point not on the curve or primitive.
The object settles at the moved position. Another curve or surface primitive
can be modified by starting from step 1 again.

primitive at the original position

primitive at the moved position

moved control point

< Movement of an entire surface primitive >
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Duplicating curves and surface primitives

It is sometimes convenient to create objects by duplicating the selected objects.
The final position or orientation of the duplicated objects may be set by moving,
revolving or mirroring. The nodes on divided curves are automatically duplicated

toaether with their mother curves.

Undo ®Z

Redo

Cut #X

Copy #®C

Paste wY

Clear K o .

Move - Duplicating ana moving o
Link sl | Move Normal{— Duplicating and moving in normal direction (used only for mesh)
Absorb Nodes Revolve |- Duplicating and revolving

i — licating and mirrorin

_Separate __—sud 20 Puplicating 9

« Duplicating curves and surface primitives, and moving

You may make as many duplicates of the selected curves or surface primitives as
you want, and position them with specified offset distance by the following

procedures.

1) Choose “Move” from submenu.
One of the selection tools is activated if not currently, and “Dup and Move”

dialog box appears.

O ==Dup &Move =H

Offset X 12.7

Offset Y 6.3

Offset 7 0

#ofsSets |4

Duplicate

Duplicate Ii

Set the offset distance in x direction.
Set the offset distance in y direction.
Set the offset distance in z direction.

Set the number of duplicates.

This button is enabled when objects are selected.

Click this button to duplicate the selected objects

2) Set the offset distances in X, y, z directions.
The duplicates are spread in parallel with the specified offset distances. If all

the offset distances are set to 0, no duplication will be done.

3) Set the number of duplicates to make.
The number of duplications is set by entering in this text box. The number
should be greater than or equal to one.

4) Select the curves or surface primitives to duplicate.
Click the selection tool corresponding to the type of objects to duplicates, and
select the objects. The initially dimmed button is enabled when
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one or more objects are selected.

5) Click button.

Duplication is fulfilled, and duplicates of the selected objects are created.

selected object for

duplication duplicates of the
selected object

offset
distance

<Duplicating the selected curves and moving >

« Duplicating curves and surface primitives, and revolving

You may set the position and the orientation of the duplicates by revolving them
about a specified axis by the following procedures.

1) Choose “Revolve” from submenu.
One of the selection tools is activated if not currently, and “Dup and Revolve

dialog box appears.

[ == Dup &Revolve =—H

Axis Setting ———{1 Select the method of setting the axis of revolution.
@ Input ) Select
) Last

Step Angle |60 ° Set the offset angle of revolution.

# of 5teps |3 Set the number of duplications.

Reverse ] [ Set Object } This button is enabled when objects are selected.

Set Object a—click this button to set the object to duplicate.

Set Ao The text of the button is changed into this after setting the
objects to duplicate.

Click this button to duplicate the selected objects.
This button is enabled when the duplication is done.

y
Reverse I Click this button to reverse the direction of revolution.
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2) Select the method of setting the axis of revolution.
The axis of revolution for duplication may be set by one of the following 3
methods.

= Input : input the axis of revolution by entering a new straight line just as
creating a new line.

= Select : select an existing straight line.

e Last: apply the axis of revolution which was applied in the last
duplication. The “Last” button is enabled only when “Duplicate and
Revolve” is processed at least once.

3) Set the offset angle of revolution for duplication.
Each set of the duplicates are revolved with the specified angle. This value
may be either positive or negative.

4) Set the number of duplicates to make.
The number of duplications is set by entering in this text box. The number
should be greater than or equal to one.

5) Select the curves or surface primitives to duplicate.
Click the selection tool corresponding to the type of objects to duplicates, and
select the objects. The initially dimmed button is enabled when
one or more objects are selected.

6) Click button.
The selected objects are set for duplication. The text of the button is changed
into _ If “Axis Setting” is set to “Last”, the button is enabled.
Otherwise, it is disabled.

7) Input or select the axis of revolution.
Input or select the axis of revolution depending on the “Axis Setting.” Then,

button is enabled. If “Last” button is on, skip this step.
8) Click button.
The duplication is processed, and the specified number of duplicates are
created. The text of the button is changed into which indicates it
is ready again for another duplication process.
When a duplication process is completed, button is also enabled. The
orientation of revolution can be reversed by clicking button.
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selected object for
duplication

o

axis of revolution

duplicates of the
selected object

< Duplicating a surface primitive and revolving >

« Mirroring curves and surface primitives

Duplicate of selected objects can be created by mirroring them.
1) Choose “Mirror” from submenu.
One of the selection tools is activated if not currently, and “Dup and Mirror”
dialog box appears.

O ==Dup &Mirror ==—==H

Mirror Setting Select the method of setting the axis of revolution.

@ Input ) Select
) Last

Mirror plane normal to Select the method of setting the axis of revolution.Set the

@ XY plane
{3 ¥Z Plane
) ZX Plane

[ Set Object ] This button is enabled when objects are selected.

[ Set Object 4]7 Click this button to set the object to duplicate.

-‘ The text of the button is changed into this after setting the
Set Mirror —]7
[ # objects to duplicate.

[ Set Mirror —]7 Click this button to duplicate the selected objects.

2) Select the method of setting the mirror.
The mirror plane for duplication may be set by one of the following 3
methods.
< Input: input the mirror plane by entering a new straight line just as
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3)

4)

5)

6)

7)

selected object for

duplication \

Curves and Surface Primitives

creating a new line.
= Select : select an existing straight line.
= Last : apply the mirror plane which was applied in the last duplication.
The “Last” button is enabled only when “Duplicate and Mirror” is
processed at least once.
Select the plane normal to the mirror
One of xy, yz and zx coordinate planes should be selected. The mirror plane
is determined by this plane and the line as described in step 6). The mirror is
normal to this plane and contains the line.
Select the curves or surface primitives to duplicate.
Click the selection tool corresponding to the type of objects to duplicates, and
select the objects. The initially dimmed button is enabled when
one or more objects are selected.
Click button.
The selected objects are set for duplication. The text of the button is changed
into | setMirror ], If “Mirror Setting” is set to “Last”, the button is
enabled. Otherwise, it is disabled.
Input or select a straight line, which defines the mirror plane normal to the
plane selected in step 3).
Input or select a straight line depending on the “Mirror Setting.” The mirror
plane is defined so that the line is on the plane. Then, | Sel Mirror |
button is enabled. If “Last” button is on, skip this step.
Click ___SetMirror ] pytton.
The duplication is processed, and the text of the button is changed into
which indicates it is ready again for another duplication process.

line of mirror plane

duplicates of the
selected object

< Mirroring a curve >
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« Modifying a curve or a primitive with its duplicate

Instead of modifying the selected curve or a primitive, you may modify its
duplicate. Press option key and follow the steps described in "Moving control
points by mouse.” A duplicate of the curve or primitive is created prior to
modification process. The original curve or primitive is intact, and its duplicate is
modified.

duplicated and

modified shape modified curve maodified curve

original shape 1.
ariginal curve

Moving a control point Modified result without Modified result with option
option key pressed key pressed

< Modifying a curve or its duplicate >

« Modifying attributes of a primitive surface

There are a few kinds of surface primitives whose attributes may be modified.
Namely, they are spheres, cylinders (including cones and truncated cones) and tori.
If you click a surface primitive of these types under modification mode, a dialog
box appears on the screen. The dialog box has editable text item(s) for editing
attributes. The shape of the surface primitive is immediately modified by editing
these text items.

Processing curves and surface primitives

« Linking curves

Linking is connecting more than two curves serially and forming a linked curve. A
linked curve is treated as a single curve in various actions such as selecting,
deleting, cutting, copying, intersecting, projecting, linking and so on. The
following steps are taken to link a curve:

1) Activate curve selection tool , if it is not in action.

2) Select curves to link.

3) Choose "Link" from IEI menu.
Linking has nothing to do with the order of selecting curves. All the selected
curves should be serially connectable. Otherwise, they cannot be linked. In such
cases as exemplified in the following figure, a warning message "Incompatible
Link" is issued, and the "Link" command is ignored.
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~ -

The selected curves are not connected serially. The selected curves are not connected.

< Example of curves that cannot be linked into a linked curve >

« Separating curves

Linked curves can be separated into individual curves of original state prior to
linking. In order to separate linked curves, select them, and choose "Separate”
from XM menu. More than one linked curve can be separated at once.

« Filleting two straight lines

Filleting is used to connect two straight lines with an arc of a specified radius.

1)
2)

3)

4)
5)

Activate curve selection tool , if it is not in action.

Select two straight lines for filleting.

"Fillet" item of XXM menu is enabled only when 2 straight lines are selected.
choose "Fillet" from IEI menu.

"Fillet" dialog appears on the screen.

Enter the fillet radius using the "Fillet" dialog.

Click button of the "Fillet" dialog.

In order to continue filleting with other straight lines, repeat 2), 3) and 5)
instead of starting from step 1). Filleting can be performed as long as "Fillet"
dialog is on the screen. Filleting action can be terminated by closing the
dialog or by starting any other tool in the tool palette.

Filleting is performed if and only if two straight lines are selected. The two lines
do not have to touch in order to preform filleting, but must be capable of
intersecting.

O

Fillet==8H

Radius 3.2 Enter the fillet radius.

Make Fillet } Click this button to perform filleting

< Fillet dialog >
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Pairs of straight lines for filleting Straight lines connected by filleting
< Examples of filleting >

« Splitting curves by their intersection points

If there are two or more curves crossing with each other, then there are intersection
points. You may need split each of them at their intersection points. This can be
achieved by the following steps:

1) Activate curve selection tool , if it is not in action.

2) Select curves for intersection.

3) Choose "Intersect” from ET menu.
In case there are one or more divided curves among the selected curves, they are
involved in determining the intersection points, but will not be spit. Every
segment split from a curve forms an independent curve.

selected curve 1

intersection points

Selected curves. Split the curves by their Trim off unnecessary
intersection points. parts of the curves.

selected curve 2

Example of processing curves using their intersection points
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« Obtaining intersection curves between surface primitives

If there are two or more surface primitives crossing with each other, then there are
intersection curves.

1) Activate surface primitive selection tool if it is not in action.

2) Select surface primitives for intersection.

3) Choose "Intersect" from m menu.
A surface primitive can not be split by their intersection curves. But, intersection
curves are useful in setting the boundary of mesh region on surface primitives.

truncated cone

torus

e intersection curve

< Example of intersecting surface primitives >

« Projecting curves

New curves may be created by projecting other curves on the specified grid plane.
1) Choose "Project" item from KTl menu.
"Project” dialog opens. Curves or surface meshes can be projected to the
designated target using this dialog.

. 0 =——-=Froject=—"=—=H
:"gu ®Z Projection Source Obhject
edo
— @ Curve ) Surface Mesh
Link L .
Absorb Nodes PrujectTal_'get
Separate EM i XY grid plane
Intersect EW O ¥Z grid plane
Fillet 2 ZX grid plane
Build Boundary Curve {7 Construction plane
Surface Normal b ) Data poi
points Read
Send Behind b Delete the original.
Select All
e e

2) Turn on the radio button "Curve" under "Projection Source Object.”
The curve selection tool is automatically activated.



Chapter 3  Curves and Surface Primitives 3-31

3) Set the projection target.
There are radio buttons "XY grid plane", "YZ grid plane", "ZX grid plane" and
"Construction plane" which represent projection targets. Select one of them.
4) Select the curves for projection.
When one or more curves are selected, button is enabled. The
selected curves are the mother curves for projection.

5) Click [_Praject | putton.

The the selected curves are projected on the target object.

Nodes as well as control points on the new curves are also formed by projection of
corresponding nodes and control points on the mother curves.

« Building boundary curves of a surface primitive

A closed surface such as a sphere or a torus has no boundary curves. But, such an
open surface as a cylinder or a cone has boundary curves. These boundary curves
may be used in defining the surface region for mesh generation, and should be
built for use.

1) Activate surface primitive selection tool if it is not in action.

”“.';'.',’ ag'z 2) Select surface primitives, the boundary curves of which are to be
Link generated.

?:psg::tf:'ldes When one or more surface primitives are selected, "Build Boundary
Intersect Curve" item is enabled.

il Boundary Curve 3) Choose "Build Boundary Curve" from [IEI menu.

Project 3 This command is effective only for open surface primitive. Boundary

Send Behind curves are created on all the effective surface primitives.

Once the boundary curves are created, they are independent objects which do not
belong to the mother primitive surfaces any longer.

boundary curves

Before generation of boundary curves After generation of boundary curves

< Building boundary curves of surface primitives >
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Curve Division

Many mesh generation schemes in VisualFEA are based on curves, which may be
boundary curves or control curves within or at the boundary of the mesh region.
These curves should be divided before being used in mesh generation. The mesh
density is determined primarily by the density of the division.

Dividing a curve is, in fact, the same as assigning nodes on the curve with specified
intervals. In case of frame structure analysis, the curve segments between adjacent
nodes are used as members (elements). But, for other cases, these segments are
used only for boundary edges of surface mesh.

L Divide the selected curves.

— Set the number of divisions.

— Specify the number of divisions which is not in the menu items.

OtherWeight... —
Reverse Weight

L Set the weight of intervals.

— Specify the number of divisions which is not in the menu items.

1— Reverse the weight of the interval for the last divided curve.

Division Items...
Weight Items...

1— Add or delete the menu items setting the number of divisions.
1— Add or delete the menu items setting the wight of division density.

Division interval Frame Member
r‘\T7_fﬁ (element)
| Nodes Nodes
I
|
|
L*-._
'\.\
\\
\'.
T
Division of curves in non-frame analysis Division of curves in frame analysis

< Division of curves >
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Dividing curves

Selected curves can be divided simply by selecting a [ZZHIEN menu item. They can
be divided individually or as a whole, with specification of the following two
factors:
< Number of divisions : specifies how many segments the curve is to be
divided into. This factor is set by the menu items such as "Divide 1",
"Divide 2", ..., and "Other Divisions..." The number of divisions is
represented by n in the figure below.
= Weight of division density : specifies the ratio between the segment lengths at
both ends of the curve. It is the ratio between L, and L, in the figure below.
This factor is set by the menu items such as "W=1: 1", "W=1: 2", ... , and

3 \%/”E?“\ . \
\ /
~

< Number of divisions and weight of division density >

Previously divided curves can be divided again with new division factors. The
new division always overrides the old division. However, it is not allowed to
divide curves which have already been involved in mesh generation and thus have
become a part of the mesh. The curve selection tool should be activated in
order to divide curves.

« Dividing curves individually

A group of selected curves as well as a single curve may be divided at once, with
individual application of the specified number of divisions and weight of division
density. This can be achieved simply in the following steps.
1) Set the number of divisions and the weight of division density by selecting the
corresponding items of M menu, if necessary.
The menu items corresponding to the number of divisions and the weight of
division density are Omarked.
2) Select curve(s) to divide.
Do not select any meshed curve which is already used for mesh generation.
In order to divide a meshed curve, the mesh associated with it should first be
removed,
3) Select one of the following Ml menu items.
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= "Divide" item
The number of divisions and the weight of division density with Omarks
are applied in dividing the selected curve(s).

= An item for the number of divisions
The selected curves are divided by the number of divisions represented by
the menu item.

= "Other Divisions..." item
"Other Divisions" dialog box appears. This dialog is useful for dividing
the curve(s) by a number of divisions not shown as a menu item. Set
No. of Divisions, N =|:| item, and click button. Be sure
[JApply as a whole jtem is not checked.

Other Divisions

No. of Divisions, N = IEI** Set the number of divisions.

Leave this box unchecked. ——] Apply as a whole

Cancel I

= An item for the weight of division density
The selected curves are divided with the weight represented by the menu
item.

e "Other Weight..." item
This dialog is useful for dividing the curve(s) with weight of division
density not shown as a menu item. Set Ratio, Il = |:| : |:| items, and

click button.

Other Weight

Ratio, W = +(3.33

Cancel | Set the weight

4) Select "Reverse Weight" item, if necessary.
If the weight is applied in the direction contrary to your intention, select
"Reverse Weight" menu item. Then, the direction is reversed.

« Dividing curves as a whole

A group of selected curves may be divided as a whole. In this case, the number of
divisions is applied as the total number of divisions in all the selected curves. This
can be achieved by the following steps.
1) Set the number of divisions and the weight of division density by selecting the
corresponding items of T menu, if necessary.
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2) Select curve(s) to divide.
3) Select one of the following Ml menu items.
« "Divide As a Whole" item

If you pull-down [T menu with key (Windows : key)

pressed, you will find the first menu item is turned into "Divide As A
Whole."

This menu item changes
ion k
 Divide %D asyoupressoptionkey P Divide As A Whole %D

Divide None Divide None
Divide 1 Divide 1
Divide 2 Divide 2

= "Other Divisions..." item
"Other Divisions" dialog box appears. This dialog is useful for dividing
the curve(s) by a number of divisions not shown as a menu item. Set

No. of Divisions, N =|:| item, and click button. Be sure that

[ Apply as a whole item is checked.

Other Divisions

No. of Divisions, N= IEI— L— Set the number of divisions.

Check this box. ——bd Apply as a whole

Cancel I

The weight of division density is not applied in case of dividing curves as a whole.
Therefore, there is no need to reverse the weight.
1
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Each of these 3 curves are individually divide into 20. These 3 curves are divide into 20 segments as a whole

< Comparison of dividing curves individually and as a whole >
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« Setting the number of divisions

The currently effective number of divisions is indicated by Omark in front of the
items for number of divisions such as "Divide 1", "Divide 2", ... , and "Other
Divisions..." Select one of these items to set the number of divisions effective for
future use. The newly selected item is O marked, and selected curve(s) is(are)
divided by the specified number. The corresponding number of divisions will be
applied for future curve division by "Divide" item.

« Setting the weight of division density

The currently effective weight of division density is indicated by Omark in front of
the items for weight of division density such as "W=1:1", "W=1:2", ..., and "Other
Weight..." Select one of these items to set the weight of division density effective
for future use. The newly selected item is O marked, and selected curve(s) is(are)
divided with the specified weight. The corresponding weight of division density
will be applied for future curve division by "Divide" item.

» Removing divisions from divided curves

It is possible to remove divisions from divided curves. Select "Divide None" item
from m menu. Then, all the selected curves will be restored to intact state
with no division. But, in the case of frame analysis, a straight line is considered as
one element even if it is not divided. Therefore, "Divide None" applied to a
straight line has the same effect as "Divide 1" in frame analysis.

« Dividing curves using F keys

A single curve or a group of selected curves may be divided using F keys(F1 - F24).
The curve division is achieved simply by pressing one of the F keys after selecting
curve(s). The F number corresponds to the number of divisions. For example,
pressing will divide the selected curve(s) into 3. If key (Windows :
key) is pressed at the same time, "Apply as a whole" option applies.
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Changing [T Menu Items

You may want to divide the selected curves using either a number of divisions or
a weight of division density not on the menu items. In this situation, you may use
either of two method. The first is to select "Other Divisions..." or "Other Weight..."
item and set the dialog that follows. It is rather tedious to repeat this procedure
each time you are working with a certain number of divisions or weight of division
density. So, in such a case, another way of doing this more conveniently is to
change the menu items as explained in the following.

« Modifying the menu items for number of divisions

You may add, delete or change the menu items for number of divisions. First,
select "Other Divisions..." item from [ZHEEE menu. Then, "Other Divisions" dialog
appears as shown below.

Division Items

Divide 1
Divide 2
Divide 3 list box of menu items
Divide 4
Divide 5

[Divide 6 |~

editable text box—

ful »

highlighted item

You can modify the menu items using the dialog as explained below.
In order to change a menu item,
1) Click the item shown in the list box containing menu items.
If there are too many menu items, only part of the menu items are displayed
in the list box. Scroll the list to make the desired item visible, if it is not
displayed in the box. The clicked item is highlighted, and the text of the item
is echoed in the text box.
2) Edit the text box.
As you edit the text, the highlighted item in the list box is changed
accordingly.
In order to add a menu item,
1) Click button.
The highlighted item in the list box is duplicated and the text of the item is
echoed in the text box.
2) Edit the text box.
As you edit the text, the highlighted item in the list box is changed
accordingly.
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In order to delete a menu item,
1) Click the item in the list box.
The clicked item is highlighted, and the text of the item is echoed in the text
box.
2) Click button.
The highlighted item is removed from the list, and another item, one above or
below, is highlighted.
After you complete adding, deleting or changing the menu items, click
button. Then, "Other Divisions" dialog is closed, and IEIEEN menu is updated in
accordance with what you have done with "Other Divisions" dialog.

« Changing the menu items for weight of division density

You may add, delete or change the menu items for weight of division density.
First, select "Other Weight..." item from I menu. Then, "Other Weight"
dialog appears as shown below.

Weight Items

editable text box 1

editable text box 2 Wz 1:2 highlighted item
w13 list box of it
W= 1:4 ist box of menu items
Remove

Tl

[+

You can modify the menu items using the dialog in the same way as explained
above for modifying the menu items for number of divisions. One difference from
the previous explanation is that there are two editable text items in "Other Weight"
dialog. When you click an item in the list box, the text of the item in the form of
m:n is echoed in two text boxes E= D You can edit each of these texts
separately.
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Chapter 4 Mesh Generation

The finite element method requires dividing the analysis region into many sub-
regions. These small regions are the elements, which are connected with adjacent
elements at their nodes. Mesh generation is a procedure of generating the
geometric data of the elements and their nodes, and involves computing the
coordinates of nodes, defining their connectivity and thus constructing the
elements. Here, mesh designates aggregates of elements, nodes and lines
representing their connectivity.

Capability and convenience of modeling the analysis domain are dominated by the
mesh generation procedure. The geometric characteristics of generated elements
affect the overall performance and accuracy of the finite element analysis.
Therefore, mesh generation is one of the most important procedures in finite
element modeling.

General procedure of mesh generation

Various methods of mesh generation are provided in VisualFEA. However, the
general procedure of mesh generation is almost the same whichever method is
used, as can be summarized by the following few steps:
1) Activate one of the mesh generation commands.
Choose a mesh generation command from IlElill menu. A corresponding
mesh generation dialog box appears. For some mesh generation commands,
the proper object selection tool is automatically activated. For example, curve
selection tool is always activated when "4 edges” surface mesh generation
command is issued.
2) Select curves or surface meshes, which are used as a seed of mesh
generation.
For example, a surface mesh may be generated by revolving a selected curve
about a specified axis. In this case, the selected curve is used as a seed of the
mesh generation.
3) Set the dialog items.
The dialog has various selectable items to set the shape of element, number of
nodes, input methods and so on. Some input text items are provided for
defining characteristics of the mesh generation.
4) Input axis or path if necessary.
The axis of rotation or path of sweeping is nheeded for some mesh generation
schemes, and may be determined by selecting an existing curve or creating a
new one.
5) Press appropriate buttons in the dialog.
Buttons vary depending on the input stage. When everything is ready for
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6)

7

The

Mesh Generation

mesh generation, the button approving mesh generation is enabled. Mesh is
generated by clicking the button.

Repeat step 2) - 5) for next mesh generation.

It is not necessary to issue the same command again to use the same method
for further mesh generation.

In order to terminate the mesh generation command, activate other
commands, or click the close box of the dialog.

The mesh generation command is effective as long as the dialog remains on
the screen. The command is terminated either by closing the dialog or by
activating other command.

specific procedures are different for each of the mesh generation schemes as

detailed in the following sections.

Mesh

Auto Mesh {Surface}
Auto Mesh Yolume)

—}—— Unconstrained automatic triangulation on surfaces
—{—— Automatic tetrahedronization in volumes

Extrude {5urface)
Bxtrude to Curve
Translate (Surface)
Revolve (Surface)
Twist (Surface)

Auto Mesh ¢on Primitivey|—— Constrained automatic triangulation on surface primitives
2 Edges ——— Mapping using 2 edges
3Edges —+—— Mapping using 3 edges
4 Edges —1—— Mapping using 4 edges

—+—— Suface mesh generation by extrusion

——— Suface mesh generation by extrusion bounded to a curve
—1+—— Surface mesh generation by sweeping

—1—— Surface mesh generation by revolution

—+—— Surface mesh generation by twisting

Box Edges (Yolume)
Prism Edges {(¥olume)
Tetra Edges (Volume)
Bxtrude (¥olume)

Extrude to Mesh
Translate (Volume)
Revolve (¥olume)
Twist (WYolume)

——— Mapping using 12 edges of box shape

—1—— Mapping using 9 edges of prism shape
——— Mapping using 6 edges of tetrahedron
——— Volume mesh generation by extrusion

Extrude to Surface Prin—{—— Volume mesh generation by extrusion bounded to a curve

——— Volume mesh generation by extrusion bounded to a mesh
——— Volume mesh generation by sweeping

——— Volume mesh generation by revolution

—1—— Volume mesh generation by twisting

Special Treatment

¥ | Other mesh treatments
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Surface Mesh Generation

A surface mesh is a mesh generated on a planar or a curved surface region, and is
used for
= modeling a 2-dimensional domain such as a plane or an axisymmetric solid.
= modeling a curved surface domain such as shell.
= aseed mesh for generating a volume mesh.

A surface mesh consists of planar or curved surface elements which are either
triangular or quadrilateral. There are many methods for generating a surface
mesh. They can be classified into the following 5 categories:

* automatic triangulation
= mapping

= sweeping

duplication

= projection

There are a few methods in each category, as described in the following sections.
VisualFEA supports 4 types of surface elements, which may be used in surface
meshes. Each of these element types may be defined on planes or on curved
surfaces. The types of surface elements are shown in the following table. You may
select one of these types to be adopted in mesh generation using the corresponding
dialog box.

< Element types in surface meshes >

.
3 node ///\ 6 node </ \
S

triangle < triangle
(T3) T~ (T6) -

;

(Q4) (Q8)

s -
4 node \ 8 node
quadrilateral l quadrilateral
_ d

— -
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Automatic triangulation

Automatic triangulation is the most convenient and powerful method of
generating surface meshes. There are two types of automatic triangulation for
surface mesh generation, i.e., unconstrained and constrained. Unconstrained
automatic triangulation is to generate a mesh using the selected curves only. In
this case, there are no other constraints for mesh generation than the curves inside
and at the boundary of the region. This type of automatic triangulation is chiefly
used for generating a plane mesh. Constrained automatic triangulation is to

generate a mesh on a predefined surface primitive. This type of automatic
triangulation is useful for generating a mesh on a trimmed surface.

» Generating mesh on a plane by automatic triangulation

Mesh
Auto Mesh (Surface)
Auto Mesh (Volume)
Auto Mesh (On Primitive)

The easiest way of generating mesh on a plane is “unconstrained”
automatic triangulation. An arbitrarily shaped surface mesh is generated
simply by designating the curves of the mesh boundary and issuing a

2 Edges
3 Edges
4 Edges
Extrude {5urface)
Bxtrude to Curve

mesh generation command. A curved surface as well as a plane may be
meshed by this method. However, it is advisable to limit the usage of
this method to a plane mesh, and for a curved surface mesh to apply

“constrained” automatic triangulation as explained in the later section.

You can easily fill an arbitrarily shaped surface region with triangular or
guadrilateral elements using automatic triangulation as described below.

1) Choose “Auto Mesh” from il menu.
The curve selection tool is automatically activated, and “Auto Tri” dialog
box appears.

O ==auto Mesh==H

Element Shape Set the shape of the elements to be generated.
@ Triangle only
() Triangle & quad
2 Quad only

Element Order Set the order of the elements
@ 3or4Nodes
() 6or8nodes

Level of Smoothing Set the level of smoothing
D102@®304
Generate The button is enabled when curves are selected properly.

[@7 Click this button to generate mesh.

2) Set the element shape using “Auto Tri” dialog.
Click one of the buttons for element shape. There are following 3 options.

= “Triangle only” : Only triangular elements are generated.
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= “Triangle and quad” : The generated mesh is filled with mixture of
triangular elements and quadrilateral elements.

« “Quad only” : Only quadrilateral elements are generated. In order to use
this option, the total number of divisions in the selected curves should be
even.

“Triangle only” “Triangle and quad” “Quad only”

< Mesh generated using different options of element type>

3) Set the element order.
Click one of the buttons for the order of elements. Either linear or quadratic
order can be selected.

e “3 0or 4 nodes” : Linear elements (3 node triangle or 4 node quadrangle)
are generated.
e “6 or 8 nodes” : Quadratic elements (6 node triangle or 8 node
quadrangle) are generated.

4) Set the level of smoothing using “Auto Tri” dialog.
The shape of the individual element is polished through smoothing process.
The level of smoothing is defined in four grades, 1, 2, 3 and 4. Grade 4 takes
longest time, but produces the best shaped elements.

5) Select curves.
All the selected curves should be divided. Some of the selected curves are
used in defining the boundary of the mesh region. Others may be needed to
control the mesh density and element boundaries inside the region.

6) Click button.
A surface mesh is generated by automatic triangulation, if the selected curves
are compatible for automatic triangulation as described in the next section.
Otherwise, the action is ignhored with a message notifying that automatic
triangulation cannot not be executed with the selected curves.

In the above procedure, the order of step 2), 3), 4) and 5) can be interchanged. You
may repeat the above procedure of generating mesh by automatic triangulation
without issuing the command again, while “Auto Tri” dialog remains on the
screen. This mesh generation command is terminated by closing the dialog box or
issuing any other command.
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e Selected curves

Boundary of the mesh regior Generated mesk
< Example of automatic triangulation >

« Setting a compatible region for automatic triangulation

For successful automatic triangulation, curves should be selected so that they may
form a region compatible for mesh generation as described below.

= The outer boundary of the region should be enclosed by serially connected
curves.

All the selected curves should be in one united region.

The region boundary may be either convex or concave.

The region may contain holes or control curves inside the boundary.

Curves inside the region may cross or contact with each other, but they must
have a common node at each crossing or contacting point.

If you issue the automatic triangulation command with improper curve selection,

you may receive one of the responses shown from VisualFEA depending on the
state of the curve selection.

e The command is ignored with a warning message. It is the error message
expected in most cases.

« The mesh is generated improperly. Undo the mesh generation, or delete the
mesh, and retry with newly selected curves.

= You may get unpredictable results, and sometimes system crash. VisualFEA
avoids this situation as much as possible. Such a situation rarely happens.
But there may be still special cases which have not been excluded.

The following examples illustrate mesh regions compatible and incompatible for
automatic triangulation.
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< An example of compatible region for automatic triangulation >

The selected curves do not form
a closed boundary.

| |
]

There are more than one unified regions.

All the curves are not contained
within the boundary of the region.

There are more than one unified regions.

Two curves are contacting at a point
which is not a common node.

Two curves are crossing at a point
which is not a common node.

< Examples of incompatible region for automatic triangulation >

|
j /
i

4-7




4-8

Chapter 4 Mesh Generation

« Handling the incompatibility due to mismatching curve ends

Although you selected curves compatible for automatic triangulation, you may not
get a successful mesh generation. It is the case in which there exists visually
unidentifiable incompatibility in the formation of boundary curves. The major
source of such incompatibility is the numerical errors in various operations related
to curves including curve-curve intersection. You may get a notice dialog box as
shown below.

Mismatching Curve Ends

No closed boundary for auto
Some curve ends are suspected to be mismatching
under tolerance range |0.0192004 | The distance between the mismatching nodes.
. The longest one, if there are more than one pair of mismatching
¥ou can take one of the following actions:
1. Link the suspected curve ends and generate mesh.
2. 5Show the suspected curve ends.

3. Cancel the mesh generation command.

The mismatching node pairs are merged,
Cancel | [_Show | 7and mesh is generated by automatic triangulaton.

The mismatching nodes are marked. Mesh is not generated.
The mesh generation command is ignored.

The dialog box informs that the boundary curves are not closed probably because
some curve ends are mismatching. You may choose one of the 3 buttons provided
by this dialog box.

- : cancel the mesh generation command.

- : display the suspected mismatching curve ends.
- : Close the gap between the mismatching curve ends so that the

boundary curves are close. You may set the tolerance range of the gap to be

closed.
The suspected mismatching curve ends are indicated
——— by a small red rectangle.
ST T -
s .
// ™,

- \
! I
I

| |
I

| I
- _

< A example of showing mismatching curve ends >
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« Generating mesh on a surface primitive by automatic triangulation

Mesh

Auto Mesh {Surface}
Auto Mesh Yolume)

Auto Mesh {On Primitive)

2Edges

JEdges

4 Edges

BExtrude {(Surface)
Extrude to Curve

You may create surface primitives such as spheres, cylinders, torus,

Bezier surface and so on (refer to “Creating surface primitives”). A mesh

can be generated using selected curves and a surface primitive. The mesh

is bounded and controlled by the selected curves, and at the same time, is

confined on the surface primitive.

1) Choose “Auto Mesh on Primitive” from
The curve selection tool is automatically activated, and “Auto

WUl menu.

Primitive” dialog box appears.

O

Auto Primitive

B

Element Shape
@ Triangle only
(2 Triangle & quad
2 Quad only

Set the shape of the elements to be generated.

Element Order
@ 3or4Nodes
{J 6or8nodes

Part to mesh

Set the order of the elements.

@ Inside ) OQutside
Al

Level of Smoothing

Choose the part of the primitive on which mesh is generated.

Q102®3 04

Set Curve

Set the level of smoothing

The button is enabled when curves are selected properly.

A

By clicking this button, the selected curves are set for mesh generatic
and the text of the button is changed for primitive selection.

set Primitive The button is enabled when a surface primitive is selected.
ot Primiti Click this button to set the selected primitive for mesh generation,
W and to generate the mesh.

2) Set the element shape.
Click one of the buttons for element shape. There are 3 options.

* “Triangle only”:

“Triangle and quad” :

Only triangular elements are generated.
The generated mesh is filled with mixture of

triangular and/or quadrilateral elements.

“Quad only” : Only quadrilateral elements are generated. In order to use

this option, the total number of divisions in the selected curves should be

even.

3) Set the element order.
Click one of the buttons for the order of elements. Either linear or quadratic

order can be selected.
e “30r 4 nodes”:
are generated.
e “6 or 8 nodes”

Linear elements (3 node triangle or 4 node quadrangle)

: Quadratic elements (6 node triangle or 8 node

guadrangle) are generated.
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4) Choose the part of the primitive on which mesh is to be generated.
A mesh may be generated inside, outside or both sides of the region
boundary of the surface primitive. Choose the part by turning on one of the
radio buttons “Inside”, “Outside” and “All”.

5) Set the level of smoothing using “Auto Primitive” dialog.
The shape of the individual element is polished through smoothing process.
The level of smoothing is defined in four grades, 1, 2, 3 and 4. Grade 4 takes
longest time, but produces the best shaped elements.

6) Select curves.
All the selected curves should be divided. Some of the selected curves are
used in defining the boundary of the mesh region. Others may be needed to
control the mesh density and element boundaries inside the region. The

initially dimmed button is enabled, when one or more curves

are selected.
7) Click button.
The selected curves are reserved for mesh generation, and the button changes
into indicating that selecting surface primitive is expected in the
next step. The primitive selection tool is automatically activated.
8) Select a surface primitive.
The selected surface primitive is highlighted in bright red color. Only one
surface primitive should be selected. The dimmed button is
enabled when a surface primitive is selected.
9) Click button.
A mesh is generated on the selected surface primitive. button is
restored to button. It is now ready for inputting another surface
mesh.
You may repeat the above procedure of generating mesh on a surface primitive,
without issuing the command again, while “Auto Primitive” dialog remains on the
screen. This mesh generation command is terminated by closing the dialog box or
issuing any other command.

surface primitive

i

e
A

“Inside” “Outside” “All”

< Comparison of meshes generated using different options of part to mesh >
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intersection curves nodes created on curves

Create surface primitives. Obtain intersection curves of Divide the curves.
the two surface primitives.

Generate mesh on the cylinder. Generate mesh on one part of Generate mesh on the other
the torus. part of the torus.

;f . VA\\
P e v AVAYE
BRI
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T oS e
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N

Picave P s ivivavgSe)
R
7

Completed mesh

< Example of mesh generation using surface primitives and their intersection curves >
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Surface mesh generation by mapping

If 2, 3 or 4 edges are given, a mesh region is formed between or within the edges.
VisualFEA supports 3 types of edge formation as follows:

« 2edges

= 3edges

« 4 edges

The nodal points of the generated mesh are computed by mapping techniques
called “lofting”, “triangular mapping” or “transfinite mapping” respectively for
each of the above 3 types. These techniques are not explained in detail here. The
commands generating mesh by mapping are provided as menu items in

menu.

« Generating mesh using 2 edges

Auto Mesh (Surface)
Auto Mesh (Wolume})
Auto Mesh (On Primitive)

2 Edges

3 Edges

4 Edges

BExtrude (Surface)
Extrude to Curve

A surface mesh can be generated using two opposite edges formed by a
series of curves. This is the simplest and most frequently used method
of mesh generation. The space between the two edges is filled with
triangular or quadrilateral elements depending on your choice. The
nodes on the mesh are created along the lines connecting two opposite
nodes on the edges.

1) Choose “2 Edges” from EulEll menu.
The curve selection tool is automatically activated, and “2 Edge Surf”
dialog box appears.

O =—— 2Edqge Surf="=—pHg
Element Type Set the type of the elements to be generated.
3 node triangle @ Tria3 (O Triab 6 node triangle
4 node quadrangle 3 Qaud 4 () Quad 8 8 node quadrangle
Triangle Arrangement Set arrangement of triangular elements.
Jptitnal arrangement {——@ Optimal ) Union lack Union Jack arrangement
Left arrangement ) Left {2 Right Left arrangement

Division Set the number of divisions between 2 edges.

R
Weight (1 3 Set the division weight.

This button is enabled when mesh The button is enabled when two or more curves are
[ Generatrﬁ

is generated between 2 loops.

Click this button to shift the alignment

shit_|

] selected and compatible for mesh generation.

\ Y
of the opposing nodes on the 2 edges. —|— Shift | [ Generate —— Click this button to generate mesh.

The mesh is regenerated.

2) Set the element type.
Choose one of the 4 element types given as radio buttons in the dialog. “Tria

311,

“Tria 67, “Quad 4” and “Quad 8” represent respectively 3 node triangle, 6

node triangle, 4 node quadrangle and 8 node quadrangle elements.

3) Select the type of arrangement for triangular elements.
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The radio buttons for triangle arrangement are enabled if the element type is
setas “Tri 6” or “Tri 37, and disabled otherwise. These options are not
effective for quadrilateral elements. The triangular elements can be
generated in the 4 different types of arrangement as shown below.

AN

AV NVANYAN

“Optimal” “Union Jack”

R

JAYANNNN
\
LIV

|/

«| oft” “Right”

<Arrangement of triangular elements>

Set the number of divisions between two edges.

It is the same as designating how many rows of elements to be generated
between two edges. The number of divisions is denoted by n in the
following example.

Set the weight of division density.

The weight of division density is entered in the form of w,:w,_, which is the
ratio between the length of the first division |, and that of the last | as
indicated in the figure below.

Select curves forming two edges.

All the selected curves should be divided, and form two edges, each of which
consists of one curve or serially connected curves. The total divisions on each
edge should be equal. button is enabled when two edges are
formed.

The order of selecting curves does not make any difference in the resulting mesh
generation. It is not necessary to designate the direction of the edges, although most
other software asks to match the directions of the two edges. VisualFEA does it
automatically.

The division is directed from the first edge to the second. Which one is the first is
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determined by the input order of curves forming the edges.
7) Click button.
A surface mesh is generated between two edges, if the selected curves are
compatible for mesh generation. Otherwise, the action is ignored after a
message “Incompatible curve selection for 2 edge surface.”
In the above procedure, the order of step 2), 3), 4), 5) and 6) can be interchanged.
You may repeat the above procedure of generating mesh using 2 edges without
issuing the command again, while “2 Edge Surf” dialog remains on the screen. This
mesh generation command is terminated by closing the dialog box or issuing any
other command.

=" _edgel

/ - .

—

\\Ljf/e—adg‘ezhx\&‘\

Selected curves Generated mesh

< Example of surface mesh generation between 2 edges >

« Setting 2 edges compatible for mesh generation

For successful 2 edge surface mesh generation, curves should be selected so that
they may form 2 edges compatible for mesh generation as described below.
= The selected curves should be connected serially in two groups. This
grouping for optimal mesh generation is automatically done by VisualFEA.
Each of the two groups forms an edge. Each edge may consist of one or
more Curves.
= The two edges must be separated. They should not contact or cross with
each other.
= Edges may be open or closed. If one edge is closed, the other edge must
also be closed.
= Each edge should have an equal number of nodes on it.
Examples on the following page illustrate mesh regions compatible and
incompatible for 2 edge mesh generation.
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<Examples of 2 edge formation compatible for mesh generation>

edges 1

T T (10 divisions) o
™~ P
™ I
“‘\JRE
—
—— edges 2 MH
—~ . (8 divisions) S
edges 2™~
S -~

Number of divisions on both edges are not equal. Two edges are not separated.

T
\\ // "“1\ | edges 1 |
\)}\/ edges 1 | e |
- \\ L J,f/ edges 2 \\l )|
\ l1\ f'lj
\\ edges 2 \\\ N -’ //
o S

Two edges are crossing. One edge is closed, but the other one is open.

<Examples of 2 edge formation incompatible for mesh generation>
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« Shifting alignment of node pairing on 2 edges

If the two edges form closed loops respectively, the one-to-one pairing of the nodes
on the edges are optimally determined by the software. However, it is rare but
possible that the automatic pairing results in generation of elements with distorted
or improper shape. The mesh shape can be improved by manually adjusting the
alignment of the node pairing. This is achieved by pressing button, in “2
Edge Surf” dialog, which is enabled when the mesh is generated. button
is valid only in case both edges form closed loops respectively. There are 7
different alignments, each of which is obtained one after another as the button is
pressed consecutively. The sequence of the alignment is as follows:

1) The outer loop shifts clockwise.

2) The inner loop shifts clockwise.

3) Both the inner loop and the outer loop shift clockwise.

4) The outer loop shifts counter-clockwise.

5) The inner loop shifts counter-clockwise.

6) Both the inner loop and the outer loop shift counter-clockwise.

7) The initial alignment is obtained again.

—»
Initially generated mesh. The outer loop shifts clockwise.
(“shift” button is clicked once)
—
The inner loop shifts clockwise. Both the inner and the outer loop shift clockwise.
(“Shift” button is clicked twice) (“Shift” button is clicked three times)

< Example of alignment shifting in looped 2 edges >
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« Generating mesh using 3 edges

Mesh

Auto Mesh (Surface)
Auto Mesh (Wolume)

Auto Mesh {On Primitive)

A surface mesh can be generated using 3 edges formed by a series of
curves. The region enclosed by the 3 edges is filled with triangular
elements. The coordinates of the nodes on the mesh are determined by

2Edges

4 Edges
Extrude {5urface)
Bxtrude to Curve

1)

2)

3)

4)

interpolating the nodal points on the 3 edges using triangular mapping

technique. The region is mapped with an equilateral triangle.
Therefore, the 3 edges should be formed in the configuration of a
triangle.

Choose “3 Edges” from HEulZlll menu.
The curve selection tool is automatically activated, and “3 Edge Surf”
dialog box appears.

O

B

Element Type Set the type of the elements to be generated.
®Tria3 (OTriab

- The button is enabled when three or more curv
GE“EEJ are selected and compatible for mesh generatior

3Edge Surf

v
[Generate Iiclick this button to generate the mesh.

Set the element type.

Only triangular elements can be generated using this method. Thus, the radio
buttons for quadrilateral shape are not included in this dialog. “Tria 3” for 3
node triangle or “Tria 6” for 6 node triangle can be chosen as the element
type.

Select curves forming 3 edges.

At least 3 curves are necessary to form 3 edges. They must be closed. If the
selected curves meet these conditions, button is enabled. In
addition, the number of nodes should be the same for all the 3 edges. This
condition is checked in the next step.

Click button.

A surface mesh is generated in the region surrounded by the 3 edges, if the
selected curves are compatible for mesh generation. When you click the
button, the selected curves are automatically grouped into 3 edges compatible
for mesh generation. Thus, all the 3 edges have equal number of nodes on
them. If such formation of 3 edges is not possible, the action is ignored after a
message “Incompatible curve selection for 3 edge surface.”
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curve 5
(10 Cll_\/)___,_-r“?
———%dge 3 /
(10 div) !
curve 1 edge 2 f
(3 div) (10 div){
/

edge 1

_ /
curve 2+{10div) ff Efonéﬁj)

(4 div)
R,

curve 3
(3div)

Selected curves Generated mesh

< Example of surface mesh generation enclosed by 3 edges >

« Generating mesh using 4 edges

A surface mesh can be generated using 4 edges formed by a series of
Auto Mesh (Surf . - . .
A:ts ME:h Evl;,uarﬁg curves. The region enclosed by the 4 edges is filled with triangular or
Auto Mesh (On Primitive) guadrilateral elements depending on your choice. The coordinates of the
gggg:: nodes on the mesh are determined by interpolating the nodal points on

the 4 edges using transfinite mapping technique. The region is mapped
Extrude (Surface) with a square. Therefore, the 4 edges should be formed in the
Extrude to Curve a ' ! 9

configuration of a quadrangle.
1) Choose “4 Edges” from Huallll menu.
The curve selection tool is automatically activated, and “4 Edge Surf”
dialog box appears.

O

m

4 Edge surf

Element Type Set the type of the elements to be generated.
®Tria3 QTriab
O Qaud4 O Quad 8

Triangle Arrangement Set arrangement of triangular elements.

@ Optimal & Union Jack
) Left ) Right

The button is enabled when 4 or more curves are selecte

Generate and compatible for mesh generation.

A\

Click this button to generate mesh.
Generate I

2) Set the element type.
You may choose one of 3 node triangle, 6 node triangle, 4 node quadrangle,
and 8 node quadrangle element as the element type.

3) Select the type of arrangement for triangular elements.
The triangular elements can be generated in the 4 different types of
arrangement as explained in the previous section “Generating mesh using 2
edges”.



Chapter 4 Mesh Generation 4-19

4) Select curves forming 4 edges.
At least 4 curves are necessary to form 4 edges. They must be closed. If the
selected curves meet these conditions, button is enabled. In
addition, there must be the same number of nodes on each pair of opposite
edges. This condition is checked in the next step.

5) Click button.
A surface mesh is generated in the region surrounded by the 4 edges, if the
selected curves are compatible for mesh generation. When you click the
button, the selected curves are automatically grouped into 4 edges compatible
for mesh generation.

—_—

// edge 4 1\“\\

\
edge 1 \ I edge 3

\
\

]
L p

dge 2
e

Selected curves Generated mesh

< Example of surface mesh generation enclosed by 4 edges >

« Setting 4 edges compatible for mesh generation

For successful 4 edge surface mesh generation, curves should be selected so that
they may form 4 edges compatible for mesh generation as described below.
= The selected curves should be connected serially to form a closed loop with 4
edges.
The 4 edges may be regarded as boundary lines of a quadrilateral region with two
pairs of edges facing opposite to each other.
= Each pair of edges should have an equal number of nodes on them.
Edges are constructed automatically by VisualFEA so that each pair of edges have
equal number of nodes on them. If such construction is not possible, mesh
generation is aborted after a message “Incompatible curve selection for 4 edge
surface.”
< All the internal angles of vertexes made by two adjacent edges should be
less than 180°.
Even if this condition is not met, a mesh may be generated. But the generated mesh
will have improper shape and will trespass outside of the mesh region
The following examples illustrate compatible and incompatible selection of curves
for 4 edge mesh generation.
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edge 3
(10 divisions)
edge 4
On 2-D plane (6 divisions)
_edge i\ edge 2
(10 divisions) ' (6 divisions)
.., cdged

;” \‘L(_lilgilISMmS) edge 3
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On 3-D space < T
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The loop is not closed.

Generated mesh

Selected curves

<Examples of 4 edge formation compatible for mesh generation>

This pair of edges has a
different number of nodes.

[ P—
e \\ // /\\
\ A e
| k! _ e \
\ Y (10 div] -~
\ ) e \
v AN
\// Internal vertex angle is\\\&
greater than 180°.

This pair of edges has a
different number of nodes.

<Examples of 4 edge formation incompatible for mesh generation>
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Surface mesh generation by sweeping operations

VisualFEA supports the following 4 types of sweeping operations which may be
used for surface mesh generation:

= Extrusion

= Translation

= Revolution

= Twisting
Sweeping creates a surface mesh by traversing the seed curves along a path
defined in space. The sweeping operations, i.e., extrusion, translation, revolution,
and twisting are distinguished by the characteristics of their sweeping path. The
sweeping path for extrusion is a single straight line. Any continuous curve passing
through, or meeting at the seed curve, may be used as the path for translation. The
paths for revolution are circles with their centers along the axis of revolution.
Twisting uses helical path for mesh generation. The commands for surface mesh

generation by sweeping are provided as menu items in 23l menu.

« Generating mesh by extrusion

Auto Mesh (Surface)
Auto Mesh (Wolume)
Auto Mesh {On Primitive)

2Edges
3Edges
4 Edges
Extrude to Curve
Translate (Surface)
Revolve (Surface)
Twist (Surface)

Box Edges (¥olum

A surface mesh can be generated by extruding selected curves up to the
specified height and in the specified direction. The height of the
extrusion is entered using the “Extr Surf” dialog.

1) Choose “Extrude(Surface)” from Rulsilll menu.
The curve selection tool is automatically activated, and “Extr
Surf” dialog box appears.

O

Extr Surf B

Element Type Set the type of the elements to be generated.
®Tria3d QTriab
O Qaud4 O Quad s

Triangle Arrangement Set arrangement of triangular elements.

@ Optimal ) Union Jack
O Left (J Right

Extruding Direction Set the direction of extrusion.
X ayY Oz
@& Normal

Height (10 Set the extrusion height.

Set the number of divisions for extrusion.

Division

8
Weight |1 J2 — Set the division weight.

; The button is enabled when one or more
The button is enabled [Reverse ] [ Generate - curves are selected and compatible for mesh
when the mesh is 1= ] :
generated. generation.

Click this button to reverse

A\ . .
the direction of extrusion. —[Reverse] l Generate ]7 Click this button to generate mesh.

2) Set the element type.
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3)

4)

5)

6)

7

8)

9)

At th

Mesh Generation

Choose one of the 4 element types given as radio buttons in the dialog.
Select the type of arrangement for triangular elements.
The triangular elements can be generated in the 4 different types of
arrangement as explained in the previous section “Generating mesh using 2
edges”.
Set the direction of extrusion.
The mesh may be extruded either in the direction of a coordinate axis, or in
the direction normal to the seed curve. The normal direction is determined
independently at each of the extruding nodes on the seed curve.
The normal direction is defined on the plane of the seed curves. If the curves were
created at a certain grid planes, the line of normal direction at every point of the curve
lies on that grid plane. But, there are some 3-dimensional cases in which the normal
direction cannot be determined uniquely. In such cases, the plane of normal direction
is guessed by VisualFEA, and may not be what you are expecting. Then, you had
better try other options.
Enter the height of extrusion.
Extrusion height is the distance from the seed curve to the extent of the mesh
generation.
Enter the number of divisions for extrusion.
Specify how many rows of elements to be generated by extrusion.
Enter the weight of division density.
Enter the weight of division density in the form of w;:w,, which is the ratio
between width of elements at the starting part and at the ending part of
extrusion.
Select curves forming seed curves for extrusion.
All the selected curves should be divided, and form an edge, which may be
one curve or serially connected curves. The edge may be either open or
closed. button is enabled when an edge is formed properly for
mesh generation.
Click button.
A surface mesh is generated by extruding the seed curve, if the selected
curves are compatible for mesh generation. Otherwise, the action is ignored
after a message “Incompatible curve selection for extrusion.”

is stage, even if the cycle ended with failure, button is disabled as it

should be at step 2). button is enabled, only when mesh generation is
successful. In case the mesh is generated opposite to the desired direction, click
button to revert the direction of extrusion. Then, mesh will be regenerated

with

the reverse direction. You may repeat the above procedure of generating

mesh by extrusion without issuing the command again, while “Extr Surf” dialog

rema
dialo

ins on the screen. This mesh generation command is terminated by closing the
g box or issuing any other command.
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Selected curve Generated mesh

< A surface mesh generated by extrusion in normal direction >
The direction of extrusion is not necessarily in the same plane as the seed curve.

Extrusion can be used effectively in creating 3-dimensional surface mesh by
extruding the seed curve out of its plane as shown in the example below.

Selected curve Generated mesh

< A 3-D surface mesh generated by extrusion in an out-of-plane direction >

« Generating mesh by extrusion up to bounding curves
Aesn

Auto Mesh (Surface) Instead of specifying the height of extrusion, you may define the bound
Auto Mesh (Volume) A

Auto Mesh (On Primitive) of the extrusion by selected curves. These curves are termed here as
2 Edges “bounding curve.” This method of mesh generation is the same as the
i:gg:: above described extrusion method except that the extent of extrusion is
Extrude (Surface) determined not by its height but by the bounding curves. The advantage
Translate (Surface) of this method is that the direction of extrusion as well as the boundary
Revolve (Surface) of the mesh can be controlled.

Twist (Surface)
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1) Choose “Extrude to Curve” from G menu.
The curve selection tool is automatically activated, and “Extr to Curve”
dialog box appears.

O =&xtrTo Curve =—=H
Element Type Set the type of the elements to be generated.
@®Tri3 oTri6
O Quad 4 O Quad 8
Triangle Arrangement Set arrangement of triangular elements.
@& Optimal ) Union Jack
) Left {2 Right
Extruding Direction Set the direction of extrusion.
X Oy Q77
& Normal
Division | 8 Set the number of divisions for extrusion.
Weight |1 1 Set the division weight.
SetC The button is enabled when one or more curves are
[ Setcurve | selected and compatible for mesh generation.
A
set Curve By clicking this button, the selected curves are set for mesh generation,
and the text of the button is changed for selection of bounding curves.
Set Bound The button is enabled when bounding curves are selected.
Click this button to set the bounding curves
522 L and thus to generate the mesh.
2) Set the element type.

3)

4)

5)

6)

7

Choose one of the 4 element types given as radio buttons in the dialog.

Select the type of arrangement for triangular elements.

The triangular elements can be generated in the 4 different types of
arrangement as explained in the previous section “Generating mesh using 2
edges”.

Set the direction of extrusion.

The mesh may be extruded either in the direction of a coordinate axis, or in
the direction normal to the seed curve. The direction is always signed toward
the bounding curves.

If both the seed curves and the bounding curves are closed, normal direction is the
only option that can generate valid mesh by extrusion.

Set the number of divisions for extrusion.

Specify how many rows of elements are to be generated by extrusion.

Set the weight of division density.

Enter the weight of division density in the form of w,:w,_, which is the ratio
between width of elements at the starting part and at the ending part of
extrusion.

Select curves forming seed curves for extrusion.
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All the selected curves should be divided, and form an edge, which may be
one curve or serially connected curves. button is enabled when
an edge is formed properly for mesh generation.

Click button.

The selected curves are reserved as the seed curves for mesh generation, and
the button changes into indicating that selection of bounding
curves is expected in the next step.

Select the bounding curves.

The selected bounding curves are highlighted in bright red color. The
dimmed button is enabled when bounding curves are selected.

10) Click button.

Open curves

Closed curves

I seed curve

A mesh is generated by extruding the seed curves up to the bounding curves.
button is restored to button. It is now ready for
generating another surface mesh.

The bounding curve should be closed if the seed curve is closed, and should be open
otherwise. If the bounding curves are open, they must be long enough to cover the
whole range of extrusion. Otherwise, the mesh generation will be aborted with a
message, “Insufficient coverage of the bounding curve.”

bounding curve

direction of mesh
generation

seed curve

Selected curves Generated mesh

bounding curve

direction of mesh
generation

L
]

;
J

Selected curves Generated mesh

<Mesh generated by extrusion up to bounding curves>
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bounding
curve

actual

direction of |

extrusion

bounding
curve

You may repeat the above procedure of mesh generation without issuing the
command again, while “Extr to Curve” dialog remains on the screen. This mesh
generation command is terminated by closing the dialog box or issuing any other
command.

The seed curves and the bounding curves are not necessarily in the same plane. If they are
not, the generated mesh will form a curved surface bounded by them. In general, the
specified direction of extrusion cannot be realized exactly in this case. However, the actual
direction of extrusion is determined so that its projection on the plane of the seed curve
agrees with the specified direction as shown in the figure below. The end point of extrusion
is a point on the bounding curve intersecting the plane of extrusion which is normal to the
plane of seed curve and includes the specified direction of extrusion.

ST

seed
{ curve \

specified
direction of | e
extrusion 1 —

plane of _
extrusion Front view

\ -
L— plane of

seed Top view
curve

< Determination of extruding direction in case the seed curve
and the bounding curve are not on the same plane >
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« Generating mesh by translation

A surface mesh can be generated by translating the selected seed curves
Auto Mesh (Surface) along the specified sweeping path. The boundaries of the generated
Auto Mesh (Yolume) I defined b f llel h d d
Auto Mesh (On Primitive) elements are defined by a set of curves parallel to the seed curves an
2 Edges the other set parallel to the sweeping path. The previously described
iggg:: method of mesh generation by extrusion may be regarded as a special
Extrude (Surface) case of this operation in which the sweeping path is a straight line
Bxtrude to Curve H e H :

drawn in the specified direction.

Revolve (Surf,
Tif:t:;fﬁzcg ® 1) Choose “Translate(Surface)” from RulEllll menu.

w The curve selection tool is automatically activated, and

“Translate Surf ” dialog box appears.

O ==Translate surf==H
Element Type Set the type of the elements to be generated.
®Tria3 QTriab
O Qaud4 O Quad 8
Triangle Arrangement Set arrangement of triangular elements.
@ Optimal ) Union Jack
O Left ) Right
Path Setting Select the method of setting the sweeping path.
@ Input ) Select
O Last Set the number of divisions along the sweeping path.
Division |8 | This setting is applied only when the path is not divided.
Set the division weight.
Weight |1 |25 This setting is applied only when the path is not divided.
Check this box to create the meshed layers with a
[4 Keep angle to path consistent angle to the sweeping path.
sat Curve I The button is enabled when one or more curves are
selected and compatible for mesh generation.
r é’ By clicking this button, the selected curves are set for mesh generation,
@7 and the text of the button is changed for setting the sweeping path.
sat Path The button is enabled when the sweeping path is available.
Click this button to set the sweeping path
Set Path and thus to generate the mesh.

2) Set the element type.
Choose one of the 4 element types given as radio buttons in the dialog.

3) Select the type of arrangement for triangular elements.
Triangular elements can be generated in the 4 different types of arrangement
as explained in the previous section “Generating mesh using 2 edges”.

4) Select the option for path setting.
Choose one of the 3 options setting the sweeping path, “Input”, “Select” and
“Last” by clicking the corresponding radio button. The “Last” button is
enabled only when this method of mesh generation was applied at least once
since the dialog box appeared.
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5)

6)

7

8)

9)

10)
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Set the number of divisions for translation.
Specify how many rows of elements are to be generated by translation. This
setting is applied only when the sweeping path is not divided. If divided
curves are selected as the sweeping path, their divisions will be applied
regardless of this setting.
Check or uncheck “Keep angle to path” check box.
If this check box is checked, the meshed layers are created so that they have a
constant angle with the sweeping path. Otherwise, all the layers are made
parallel.
Set the weight of division density.
Enter the weight of division density in the form of w,:w_, which is the ratio
between width of elements at the starting part and at the ending part of
translation. This setting is also applied only when the sweeping path is not
divided.
Select curves forming seed curves for translation.
All the selected curves should be divided, and form an edge, which may be
one curve or serially connected curves. The seed curves may be open or
closed. button is enabled when an edge is formed properly for
mesh generation.
Click button.
The selected curves are reserved as the seed curves for mesh generation, and
the button changes into indicating that setting the sweeping
path is expected in the next step.
Set the sweeping path.
Set the sweeping path by the method selected at step 4).
= “Input “ : If the method is set as “Input”, one of the curve input tool is
activated, and the cursor changes into + shape. And, it is now ready for
creating a sweeping path by inputting a new curve. At this step, line tool
button is activated so that straight lines may be entered. Any type
of curves may be used as the sweeping path. In order to input desired
types of curves, click the corresponding curve tool button.
= “Select” : If the method is set as “Select”, the curve selection tool is
activated, and thus cursor changes into ® shape. Select a curve which
will be used as the sweeping path. Either divided or undivided curves
are acceptable.
= “Last” : The sweeping path for last mesh generation is applied again. So,
it is not necessary to input or select the sweeping path. This option can
be used only when this method of mesh generation was applied at least
once since the dialog box appeared.
The sweeping path should be open, and its one end point should meet with a node on
the seed curve. The sweeping path may be one curve or serially connected curves. If
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the sweeping path consists of more than one curve, they must be either all divided or
all undivided. Mixed use of divided and undivided curves for sweeping path is not
allowed.

11) Click button.

A mesh is generated by translating the seed curves along the sweeping path.

button is restored to [:] button. It is now ready for
generating another surface mesh. The curve selection tool is
automatically activated, if it is not in action.

You may repeat the above procedure of mesh generation without issuing the
command again, while “Translate Surf” dialog remains on the screen. This mesh
generation command is terminated by closing the dialog box or issuing any other
command.

Planar mesh sweeping path )

X

P >

seed curve \\-__;//
/,_Sieij curve /I"”;':;‘
/ S '
F"f \\ "‘
3-D surface mesh y 1 \\ : ‘
I \ e
2 x o\ | .\\\\‘\“ “"
o ! AT
J Natuunuss?
— AR YRR ma Y
e aansanzsf/
sweeping path A ‘}‘%==-
Selected curves Generated mesh

< Example of mesh generation by translation on plane and in 3-D space>



4-30 Chapter 4

Mesh Generation

« Generating mesh by revolution

Auto Mesh (Surface)
Auto Mesh (¥olume)
Auto Mesh (On Primitive)

2 Edges

3Edges

4 Edges

BExtrude {5urface}
Extrude to Curve
Translate {(Surface)

Revolve {Surface}

Twist (Surface)

Box Edges (¥olum

Curved surface elements are generated on the surface of revolution
created by revolving seed curves about the specified axis. The latitude
and the longitude of the surface form the boundaries of the generated
elements. The axis of revolution may be set interactively in any desired
direction. Either a partial or a full surface of revolution is created
depending on the specified angle. The direction of revolution can be
reversed if necessary.

1) Choose “Revolve (Surface)” from HuiZll menu.
The curve selection tool is automatically activated, and “Revolve

Surf ” dialog box appears.

0 ==-Revolve suri ==&
Element Type Set the type of the elements to be generated.
@ Tria3d O Triab
D Qaud4 O Quads
Triangle Arrangement iH— Set arrangement of triangular elements.
@ Optimal O Union Jack
) Left ) Right
Axis Setting Select the method of setting the axis of revolution.
@& Input O Select
) Last
Angle 120 Set the angle of revolution.
Division |20 Set the number of divisions along
the circumferences created by revolution.
Weight 2 ! | Set the division weight.
The button is enabled when [REVEI'SEI [ sat Curve | The button is enabled when one or more curves are
the mesh is generated. ! ! selected and compatible for mesh generation.
; ; Y y By clicking this button, the selected t
Click this button to reverse y clicking this button, the selected curves are se
the direction of revo|ution,4ﬁeversel Set CW for mesh generation, and the text of the button is

Click this button to set the axis of revolution
and thus to generate the mesh.

changed for setting the axis of revolution.
The button is enabled when the axis of revolution

is ready for setting.

2) Set the element type.
Choose one of the 4 element types given as radio buttons in the dialog.

3) Select the type of arrangement for triangular elements.
The triangular elements can be generated in the 4 different types of
arrangement as explained in the previous section “Generating mesh using 2
edges”.

4) Select the option for setting the axis of revolution.
Choose one of the 3 options setting the axis of revolution, “Input”, “Select”
and “Last” by clicking the corresponding radio button. The *“Last” button is
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enabled only when this method of mesh generation was applied at least once
since the program started.

Set the angle of revolution.

Insert the angle of revolution in the dialog box. The angle should be greater
than or equal to -360° and less than equal to 360°. Both -360° and 360° makes
full surface of revolution. The negative sign reverses the direction of
revolution.

Set the number of divisions for revolution.

Specify how many rows of elements are to be generated by revolution in
circumferential direction.

Set the weight of division density.

Enter the weight of division density in the form of w;:w_, which is the ratio
between width of elements at the starting part and at the ending part of
revolution.

Select curves forming seed curves for revolution.

All the selected curves should be divided, and form an edge, which may be
one curve or serially connected curves. The seed curves may be open or
closed. button is enabled when an edge is formed properly for
mesh generation.

Click button.

The selected curves are reserved as the seed curves for mesh generation, and

the button changes into indicating that setting the axis of

revolution is expected in the next step.

10) Set the axis of revolution.

Set the axis of revolution by the method selected at step 4).

e “Input “ : If the method is set as “Input”, the line tool button is
automatically activated, and the cursor changes into + shape. Input the
axis of revolution following the same procedure as that of creating a
straight line.

- “Select” : If the method is set as “Select”, the curve selection tool is
activated, and thus cursor changes into & shape. Select a straight line
which will be used as the axis of revolution.

= “Last” : The axis of revolution for last mesh generation is applied again.
So, it is not necessary to input or select the axis. This option can be used
only when this method of mesh generation was applied at least once
since the program started.

The axis of revolution may meet one end of the seed curve, but should not interfere
with the seed curve. Otherwise, a self intruding mesh may be generated. However, in
case the axis meets one end of the seed curve, a continuous surface mesh is
constructed near the axis. Even if the element type is set as quadrilateral, triangular
elements will be generated around the axis
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11) Click [__Set Axis_] putton.

A mesh is generated by revolving the seed curves about the axis of revolution.
button is restored to [:] button. The program is now
ready for generating another surface mesh. The curve selection tool is
automatically activated, if it is not in action.

:] button is enabled, only when mesh generation is successful.
Clicking button reverses the sign of the revolution angle and
regenerates the mesh.

You may repeat the above procedure of mesh generation without issuing the
command again, while “Revolve Surf” dialog remains on the screen. This mesh
generation command is terminated by closing the dialog box or issuing any other

command.

axis of revolution
set in z direction Ly S

angle of </ 1 'g-sg

revolution o -""‘H"‘%‘. .

Planar mesh e T “"”Q"":‘:‘:ﬁ.ﬁ“ S ay
seed curve W‘&\.ﬁ.ﬂiﬁg . .
OSSR

9
(2
[
S
T
ll',!
X2

axis of revolution

~

3-D surface mesh yeed curve

Selected curves Generated mesh

< Example of mesh generation by revolution in a plane and in 3-D space>
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« Generating mesh by twisting

Mesh

Auto Mesh (Surface)
Auto Mesh (Volume)
Auto Mesh (On Primitive)

2 Edges

3 Edges

4 Edges

Extrude {5urface)
Bxtrude to Curve
Translate {5urface)
Revolve {Surface)

Twist (Surface)

Box Edges (Molum |

1) Choose “Twist (Surface)” from

Twisting is a method of mesh generation by extrusion combined with
revolution. So, it may be termed as “twisted extrusion.” Elements are
generated on the surface which is formed by extruding the selected seed
curves along the specified axis while twisting the direction of extrusion
about the axis by the specified angle. Along this twisted extrusion, the
trace of a node on the seed curve makes a helix on which new nodes are
created.

If the twist angle is set to zero, the resulting mesh generation is identical
to that of extrusion in the direction of the twist axis. Likewise, if the
extrusion height is set to zero, a surface mesh of revolution is obtained.
This method of mesh generation is useful in modeling curved surfaces of
spiral shape.

M menu.

The curve selection tool is automatically activated, and “Twist Surf ”

The button is enabled
when the mesh is

generated.

Click this button to reverse

dialog box appears.

Element Type Set the type of the elements to be generated.
®Tri3 OTri 6
JQuad4 ) Quad 8
Triangle Arrangement Set arrangement of triangular elements.
@& Optimal O Union Jack
) Left ) Right
Axis Setting Select the method of setting the axis of twisting.
O Input @ Select
() Last
Height |10 Set the extrusion height
Angle 160 kil Set the twist angle
o Set the number of divisions along
Division |20 the extrusion height.
Weight |1 |3 ' Set the division weight.
[ | The button is enabled when one or more curves are
{Reverse| [_SetCurve § selected and compatible for mesh generation.

By clicking this button, the selected curves are set

Y \
the sign of twist angle, the Reverse] l Set Curve ]7 for mesh generation, and the text of the button is

mesh is regenerated.

altered for setting the axis of twisting.

The button is e_nabled when the axis of twisting
is ready for setting.

Click this button to set the axis of twisting

and thus to generate the mesh.

2) Set the element type.
Choose one of the 4 element types given as radio buttons in the dialog.

3) Select the type of arrangement for triangular elements.
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Triangular elements can be generated in the 4 different types of arrangement
as explained in the previous section “Generating mesh using 2 edges”.
Select the option for setting the twist axis.
Choose one of the 3 options setting the twist axis, “Input”, “Select” and
“Last” by clicking the corresponding radio button. The “Last” button is
enabled only when this method of mesh generation was applied at least once
since the program started.
Set the extrusion height.
Insert the extrusion height in the dialog box. The direction of extrusion is
given by that of the twist axis which is directed from the first input point to
the second.
Set the twist angle.
Insert the twist angle in the dialog box. There is no limit in the acceptable
range of twist angle. The negative sign reverses the direction of twist.
Set the number of divisions.
Specify how many rows of elements are to be generated in the direction of the
twisted extrusion.
Set the weight of division density.
Enter the weight of division density in the form of w,:w,_, which is the ratio
between width of elements at the starting part and at the ending part of
twisting.
Select curves forming seed curves for twisting.
All the selected curves should be divided, and form an edge, which may be
one curve or serially connected curves. The seed curves may be open or
closed. button is enabled when an edge is formed properly for
mesh generation.
Click button.
The selected curves are reserved as the seed curves for mesh generation, and
the button changes into indicating that setting the twist axis is
expected in the next step.
Set the twist axis.
Set the twist axis by the method selected at step 4).
= “Input “ : If the method is set as “Input”, the line tool button is
automatically activated, and the cursor changes into + shape. Input the
twist axis following the same procedure as that of creating a straight line.
= “Select” : If the method is set as “Select”, the curve selection tool is
activated, and thus cursor changes into & shape. Select a straight line
which will be used as the twist axis.
= “Last” : The twist axis for last mesh generation is applied again. So, it is
not necessary to input or select the axis. This option can be used only
when this method of mesh generation was applied at least once since the
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program started.

12) Click button.

A mesh is generated by twisted extrusion of the seed curve.
button is restored to :] button. The program is now ready for
generating another surface mesh. The curve selection tool is
automatically activated, if it is not yet activated.

:] button is enabled, only when mesh generation is successful.
Clicking button reverts sign of the twist angle and regenerates the
mesh.

You may repeat the above procedure of mesh generation without issuing the
command again, while “Twist Surf” dialog remains on the screen. This mesh
generation command is terminated by closing the dialog box or issuing any other
command.

twist axis

seed curve 3
seed curve 2 -
e - —R\<
N

Y
| / seed curve 1

N s
%‘)ﬂ//\\\
-~

- seed curve 4
seed curve 5

twisted extrusion of curve 3 twisted extrusion of curve 4 twisted extrusion of curve 5

< Example of modeling 3-D surfaces by twisting>
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Duplicating surface meshes

New

surface meshes may be created by duplicating existing meshes. The position
and orientation of the duplicated meshes are determined by moving, revolving or
mirroring coordinates of original meshes with specified offsets. The curves
belonging to the surface mesh are automatically duplicated, and annexed to the

host surface mesh.

The procedure of duplicating surface meshes is the same as that of duplicating
curves. In order to start duplicating surface meshes, click surface selection tool
if it is not in action. Then, select one of the submenu items for duplications:
“Move”, “Revolve” or “Mirror”. Further details of duplication procedure are

explained in Chapter 3, and are not repeated here.

There is no limit in the number of duplicates which can be made at once. You can
specify the number of duplications using the dialog box for the corresponding
duplication method. The following figure shows examples of multiplying surface

meshes by duplicating existing ones with moving, revolving or mirroring.

offset distance |

duplicated meshes (with “Move”)
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< Examples of duplicated surface meshes >
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Projecting surface meshes

New surface meshes may be created by projecting existing meshes on the specified
grid plane.

The procedure of projecting surface meshes is the same as that of projecting curves.
In order to start projecting surface meshes, click surface selection tool if itis
not in action. Then, select one of the submenu items: "On XY", "On YZ"
and "On ZX". Prior to issuing this projection command, the grid plane should be
moved to the desired position. Further details of projection procedure are
explained in Chapter 3, and are not repeated here. The following figure shows an
example of a surface mesh projected on a grid plane.

original mesh

mesh obtained by projection

< Example of surface mesh projection >

You should be careful not to generate folded surface meshes which may be obtained by
faulty projection. The original meshes for projection should be uniquely mapped with the
projection plane. Otherwise, folded surface meshes will be created. The following example
shows an example of a faulty projection.

original mesh

mesh obtained by projection

This part of the mesh is folded.

< Example of a faulty projection >
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Volume Mesh Generation

For 3-dimensional solid structural or heat conduction models, the analysis regions
are modeled by volume meshes. The solid elements may be tetrahedra, prisms or
hexahedra. VisualFEA provides a number of methods for generating volume
meshes. They can be classified into the following 3 categories:

= automatic tetrahedronization

= mapping

= sweeping

< duplication
There are a few methods in each category, as described in the following sections.
The generated volume meshes are always represented only by their surfaces, and
their internal meshes are not displayed. The intent is to relieve the complexity of
the wireframe representing the mesh. But, the geometry of each element can be
displayed individually by a number-related function, which is explained in “Object
Selection” section of Chapter 2.
VisualFEA supports 6 types of solid elements, which may be used in volume
meshes. In case of surface mesh generation, the element type is always selectable
from all the available types. For a volume mesh, however, selectable types are
limited depending on the method of mesh generation. The types of solid elements
are shown in the following table.

< Element types in volume meshes >

4 node A \ 10 node AR
tetrahedron / tetrahedron / \
\\\ = e < \Z />
s N
6 node AT/ 15 node Y \

gnode . 7\ | 2node Al
hexahedron / < \ hexahedron s

.

A |

T
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Volume mesh generation by automatic tetrahedronization

Automatic tetrahedronization is one of the most advanced technique generating 3-
dimensional volume meshes. This method is analogous to automatic triangulation
for surface mesh generation. Automatic tetrahedronization fills a volume
surrounded by boundary surface meshes, while automatic triangulation fills an
area surrounded by boundary curves. The boundary surface meshes should form
a closed surface enclosing a 3-dimensional space. A volume mesh is generated by
an algorithm subdividing the volume space recursively along the surface element
boundaries. A volume element is created at each end of the recursion.

This method is very powerful and useful, because a volume mesh can be
generated, with minimum user interaction, in a relatively arbitrarily shaped space.
There is no requirement for convexity of the space.

Only 4 node and 10 node tetrahedron elements can be generated by
tetrahedronization in the current version of VisualFEA.

« Generating mesh by automatic tetrahedronization

A volume mesh can be generated by automatic tetrahedronization

Auto Mesh (Surface)
Auto Mesh (Volume)
Auto Mesh (On Primitive)

2 Edges
3 Edges
4 Edges
BExtrude {(Surface)
Extrude to Curve

technique in a 3-dimensional space surrounded by closed surface
meshes. The element shape generated by automatic tetrahedronization
is limited to tetrahedron in the current version of VisualFEA. Either 4 or
10 node elements can be generated. If elements within the boundary
meshes are 3-node triangles, 4-node tetrahedral elements will be
generated. If elements within the boundary meshes are 6-node
triangles, 10-node tetrahedral elements will be generated.

1) Choose “Auto Mesh (Volume)” from Bl menu.
The surface selection tool is automatically activated, and “Auto
Mesh Volume” dialog box appears.

O = Auto Mesh Volume = B
[ check interference Check this box to detect interference of volume elements.
[ check aspect ratio Check this box to examine aspect ratios of generated elements.
[ visualize process Check this box to visualize the mesh generation process.
Level of Smoothing Set the level of smoothing.
21 02 ®3 04
Generate This button is enabled when boundary meshes are selected.

A4

[@7 Click this button to generate mesh.
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2)

3)

4)

5)
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Mesh Generation

Set options for mesh generation process.
= “Check interference” : If this option is checked, interference between
elements is detected during mesh generation.
= “Check aspect ratio” : The aspect ratios of generated elements are
examined, and reported if they are not acceptable.
« “Visualize process” : The recursive process of mesh generation is
graphically visualized.
Set the level of smoothing.
The shape of the individual element is polished through smoothing process.
The level of smoothing is defined in four grades, 1, 2, 3 and 4. Grade 4 takes
longest time, but produces the best shaped elements.
Select surface meshes forming closed boundary.
The selected meshes should form a closed surface boundaries. All the
elements in the meshes should be triangular and have the same number of
nodes. That is, they should consists of 3-node triangular elements only, or 6-
node triangular elements only. button is enabled when acceptable
boundary meshes are formed.
Click button.
A volume mesh is generated by automatic tetrahedronization, if the selected
surface meshes are acceptable for automatic tetrahedronization as described
in the next section. Otherwise, the action is ignored with a message notifying
that automatic tetrahedronization cannot not be completed.

e above procedure, the order of step 2), 3) and 4) can be interchanged. You
repeat the above procedure of generating a mesh by automatic

tetrahedronization without issuing the command again, while “Auto Mesh
Volume” dialog remains on the screen. This mesh generation command is
terminated by closing the dialog box or issuing any other command.

Automatic tetrahedronization usually takes a long time. While mesh generation is
progressing, its status is indicated by a progress bar.

Processing mesh generation

The progress bar is not to the actual time scale. The display indicates only the

prog

ress in the recursion stages. If “Visualize process” box is checked, the

recursive process of mesh generation is also graphically visualized.
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Boundary surface meshes Volume mesh generated by automatic tetrahedronization
(exploded view)

< Example of volume mesh generation by automatic tetrahedronization >

« Forming boundary meshes for automatic tetrahedronization

For successful automatic tetrahedronization, surface meshes should be selected so
that they form a boundary surfaces acceptable for mesh generation as described
below.

= The selected meshes should form a closed boundary surface enclosing the 3-
dimensional region in which new volume mesh is to be generated.

= The region may be either convex or concave, but cannot contain another
volume (pocket).

= All the elements of the boundary meshes should be triangular.

= All the elements of the boundary meshes should have equal number of
nodes. That is, the number of nodes in every element should be uniformly
either 3 or 4.

The automatic tetrahedronization will be aborted if the above conditions are not
satisfied. The mesh generation may also fail if the 3-dimensional space is too
complex. In this case, the space should be broken into two or more sub-regions
which are simpler, and the automatic tetrahedronization should be applied for each
of these sub-regions.
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Volume mesh generation by mapping

An analysis region may be represented by its boundary edges. Volume meshes are
generated to fill the region formed by the boundary edges. VisualFEA supports
following 3 types of edge formation for volume mesh generation:

< box edges : 12 edges forming the boundaries of a box shaped region

= prism edges : 9 edges forming the boundaries of a prism shaped region

= tetra edges : 6 edges forming the boundaries of a tetrahedral region
The “triangular mapping” and “transfinite mapping” techniques applied to surface
mesh generation are also extended for volume mesh generation in 3-dimensional
regions defined by the above 3 types of edge formation. The new nodal points in
the generated mesh are computed by these mapping techniques. The mesh
generation commands are provided as menu items in Hglil menu.

« Generating mesh using box edges

A volume mesh can be generated using transfinite mapping technique in

Auto Mesh {Surface)
Auto Mesh folume)

a box-shaped region bounded by 12 edges, each of which consists of a

BExtrude (¥olume)
Extrude to Mesh

Revolve (Wolume)
Twist (Y¥olume)

Tetra Edges (Volume)

Extrude to Surface Prim.

L__Auto Mesh onm-=—==x | curve or serially connected curves. The shape of the elements within the

| i 1 R

mesh may be chosen from tetrahedron and hexahedron. Prism elements
Prism Edges (Yolume) are not included because they may cause incompatibility between

adjacent mesh regions.
1) Choose “Box Edges” from Hulallll menu.

Translate (Volume} The curve selection tool is automatically activated, and “Box

Edges” dialog box appears.

Special Treatment [ 3

[0 =Box Edges =—H
Element Type Set the type of element to be generated.
4 node tetrahedron element O Tetr4 (O Tetr 10 10 node tetrahedron element
8 node hexahedron element @ Hex8& () Hex20 20 node hexahedron element
The button is enabled when 12 or more
Generate curves are selected and compatible for
mesh generation.

\J

@7 Click this button to generate mesh.

2) Set the element type.
Choose one of the 4 element types given as radio buttons in the dialog.
“Tetra 47, “Tetra 107, “Hex 8” and “Hex 20” represent elements of 4 node
tetrahedron, 10 node tetrahedron, 8 node hexahedron and 20 node
hexahedron respectively.

3) Select curves forming box edges.
All the selected curves should be divided, and form compatible box edges.
button is enabled when more than equal to 12 separate curves are



Chapter 4 Mesh Generation 4-43

selected and box edges are formed by them. The number of divisions in each
set of parallel edges should be equal.
4) Click button.
A volume mesh is generated within the box edge region, if the selected curves
are compatible for mesh generation. Otherwise, the action is ignored after a
message “Incompatible curve selection for box edges.”
You may repeat the above procedure of generating mesh using 12 edges without
issuing the command again, while “Box Edges” dialog remains on the screen. This
mesh generation command is terminated by closing the dialog box or issuing any
other command.

—77 edge6
edge2, .. edoe T
. - _edge5 w‘w\
edgeg / ™ / -
/ [ edge 11 N\ edge%/
/ — edge/lo
/ /
&‘Ed;}e 3 \edge 7 /edge 9 /Q
Ny
\edge 8 / ‘
\\ /
—— i
"
T edge 4
Selected curves Generated mesh

< Example of mesh generation in a box edge region >

« Setting box edges compatible for mesh generation

For successful mesh generation by this method, curves should be selected so that
they may form 12 edges compatible for box edge mesh generation as described
below. When button is clicked at step 4 in the above procedure,
VisualFEA checks if selected curves fulfill these conditions. When the curves
selections are acceptable, the mesh generation procedure is processed.

= The selected curves should be connected serially in 12 groups. This
grouping is automatically done by VisualFEA. Each of the 12 groups forms
an edge. Each edge may consist of one or more curves.

= The 12 edges must have configurations equivalent to edges of a box. For
this requirement, 3 edges must meet at each of the 8 corner points of the box.
There should be no edges with open ends. In other words, each edge should
be connected to other edges at both ends.

= The number of nodes on each group of parallel edges must be equal. Edges
1, 2, 3 and 4 are parallel in the above example. Likewise, edges 5, 6, 7 and 8,
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and edges 9, 10, 11 and 12 are parallel edges respectively.

For element types “Tetra 4” and “Hexa 20", each edge should be divided in
multiples of 2. And for “Tetra 10”, each edge should be divided in multiples
of 4.

For compatibility of element boundaries between adjacent mesh regions, the
tetrahedron elements of a box edge region are generated so that triangular faces in
the outer surfaces should have Union Jack formation as shown in the figure below.
Accordingly, each of the 12 edges should be divided into multiples of 2 in order to
generate “Tetra 4”, and into multiples of 4 in order to generate “Tetra 10”. If this
condition does not meet when you try generating these types of elements, the action
will not be processed.

<Formation of Union Jack on surfaces of a box edge volume mesh>
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« Generating mesh using prism edges

A volume mesh can be generated in a prism-shaped region bounded by

Auto Mesh (Surface) i i .
Auto Mesh (Yolume) 9 edges, each of which consists of a curve or serially connected curves.
[—Auto Mesh 10w ' The shape of the elements within the mesh may be chosen from
Box Edges (¥olume) tetrahedron and prism. For mesh generation, transfinite mapping is
Prism Edges (¥olume) ) 3 . . . . . .
Tetra Edges (Volume) applied in the longitudinal direction of the prism and triangular
Extrude (Volume) mapping on the triangular sections.
Extrude to Surface Prim. )
Extrude to Mesh 1) Choose “Prism Edges” from Hulallll menu.
Translate (¥olume) : : : : “py
Revolve (Volume) The curv_e selection tool is automatically activated, and “Prism
Twist (Volume) Edges” dialog box appears.
Special Treatment »
O ==vPrismEdges =8
Element Type Set the type of element to be generated.
4 node tetrahedron element D Tetr4 O Tetr 10 10 node tetrahedron element
6 node prism element @ Pris6 (3 Pris 15 15 node prism element

The button is enabled when 12 or more
Generate curves are selected and compatible for
mesh generation.

4

@7 Click this button to generate mesh.

2) Set the element type.
Choose one of the 4 element types given as radio buttons in the dialog.
“Tetra 4”7, “Tetra 107, “Pris 6” and “Pris 15” represent elements of 4 node
tetrahedron, 10 node tetrahedron, 6 node prism and 15 node prism
respectively.
3) Select curves forming prism edges.
All the selected curves should be divided, and form compatible prism edges.
button is enabled when more than or equal to 9 separate curves are
selected and a prism edges are formed by them. The number of divisions of
should be acceptable for triangular mapping or transfinite mapping.
4) Click button.
A volume mesh is generated within the prism edge region, if the selected
curves are compatible for mesh generation. Otherwise, the action is ignored
after a message “Incompatible curve selection for prism edges.”
You may repeat the above procedure of generating mesh using 9 edges without
issuing the command again, while “Box Edges” dialog remains on the screen. This
mesh generation command is terminated by closing the dialog box or issuing any
other command.
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< Example of mesh generation in a prism edge region >

« Setting prism edges compatible for mesh generation

For successful mesh generation by this method, curves should be selected so that
they may form 9 edges compatible for prism edge mesh generation as described
below. When button is clicked at step 4 in the above procedure,
VisualFEA checks if selected curves fulfill these conditions. Only when the curves
selections are acceptable, the mesh generation procedure is processed.

The selected curves should be connected serially in 9 groups. This grouping
is automatically done by VisualFEA. Each of the 9 groups forms an edge.
Each edge may consist of one or more curves.

The 9 edges must have configurations equivalent to edges of a prism. For
this requirement, 3 edges must meet at each of the 6 corner points of the box.
There should be no edges with open ends.

The number of nodes on the edges forming triangular faces must be equal.
Edge 1, 2 and 3 forms a triangular face, and edge 4, 5 and 6 form another.
The number of nodes on the edges forming longitudinal faces should also be
equal. That is, the number of nodes on edge 7, 8 and 9 must not be different.
For element types “Tetra 4” and “Prism 15, each edge should be divided in
multiples of 2. And for “Tetra 10", each edge should be divided in multiples
of 4.

For compatibility of element boundaries between adjacent mesh regions, the
tetrahedron elements of a prism edge region are generated so that triangular faces in
the longitudinal surfaces should have Union Jack formation as shown in the figure
below. Accordingly, each of the 9 edges should be divided into multiples of 2 in
order to generate “Tetra 4”, and into multiples of 4 in order to generate “Tetra 10.”
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If this condition does not meet when you try generating these types of elements, the
action will not be processed.

NN
N
Vi

<Formation of Union Jack on surfaces of a prism edge mesh>

« Generating mesh using tetrahedron edges

Auto Mesh (Surface)

-r

Auto Mesh (¥olume)
AutoMesh (02 connected curves. The shape of the elements generated by this method

A volume mesh can be generated in a tetrahedron-shaped region
bounded by 6 edges, each of which consists of a curve or serially

Box Edges (¥olume)

Bxtrude {folume}

Extrude to Mesh
Translate (Molume)
Revolve (Yolume})
Twist (Volume)

Prism Edges (Yolume)

applied on every triangular section of the tetrahedron.

Extrude to Surface Prim.

is always tetrahedron. For mesh generation, triangular mapping is

1) Choose “Tetra Edges” from HuSlill menu.
The curve selection tool is automatically activated, and “Tetra
Edges” dialog box appears.

Special Treatment

N O =TetraEdges =—H
Element Type Set the type of element to be generated.
4 node tetrahedron element ®Tetr4 O Tetr 10 10 node tetrahedron element
The button is enabled when 12 or more
Generate curves are selected and compatible for
mesh generation.
\J
[@——/ Click this button to generate mesh.
2) Set the element type.

3)

Choose one of the 2 element types given as radio buttons in the dialog.
“Tetra 4” and “Tetra 10” represent element shape that are 4 and 10 node
tetrahedron, respectively.

Select curves forming tetra edges.

All the selected curves should be divided, and form compatible tetra edges.
button is enabled when more than equal to 6 separate curves are
selected and a tetra edges are form by them. The number of divisions on all
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the edges should be equal.

4) Click button.
A volume mesh is generated within the tetra edge region, if the selected
curves are compatible for mesh generation. Otherwise, the action is ignored
after a message “Incompatible curve selection for tetra edges.”

You may repeat the above procedure of generating a mesh using 6 edges without
issuing the command again, while “Tetra Edges” dialog remains on the screen. This
mesh generation command is terminated by closing the dialog box or issuing any
other command.

AN / J
™, gge 5 //
N / y edge 6
e //
ol
Selected curves Generated mesh

< Example of mesh generation in a tetra edge region >

« Setting tetra edges compatible for mesh generation

For successful mesh generation by this method, curves should be selected so that
they may form 9 edges compatible for tetra edge mesh generation as described
below. When button is clicked at step 4 in the above procedure,
VisualFEA checks if selected curves fulfill these conditions. Only when the curves
selections are acceptable is the mesh generation procedure processed.

= The selected curves should be connected serially in 6 groups. This grouping
is automatically done by VisualFEA. Each of the 6 groups forms an edge.
Each edge may consist of one or more curves.

= The 6 edges must have configurations equivalent to edges of a tetrahedron.
For this requirement, 3 edges must meet at each of the 4 corner points of the
box. There should be no edges with open ends.

= The number of nodes on all the edges forming triangular faces must be
equal.

= For element types “Tetra 10”, each edge should be divided in multiples of 2.
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Volume mesh generation by sweeping operations

VisualFEA supports the following 4 types of sweeping operations for volume
mesh generation:

= Extrusion

= Translation

= Revolution

« Twisting
Sweeping operations for volume mesh generation are analogous to those for
surface mesh generation explained in the previous section. Refer to “Surface mesh
generation by sweeping operations.” For volume mesh generation, sweeping
operations are based on selected surfaces, i.e. seed surfaces while surface mesh
generation is based on seed curves. The commands for volume mesh generation
by sweeping are provided as menu items in [l menu.
In case of volume mesh generation by sweeping, the type of element is determined
by the type of element on the seed surfaces as shown below. Therefore, it is not
necessary to set the type of the element.

< Element types in the seed mesh and in the generated volume mesh >

Seed surface mesh Generated mesh
3 node triangle 4 node tetrahedron or 6 node prism

S~ ,E$¢
g2
e
ivavasrae Ol
e

8 node hexahedron

20 node hexahedron
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« Generating mesh by extrusion

A volume mesh can be generated by extruding the seed surfaces up to

Auto Mesh (Surface)

)

Auto Mesh (¥olume)

- _Auto Mesh (o~ |

the specified height and in the specified direction. The height of the
extrusion is entered using the “Extrude” dialog. This is the simplest but

Box Edges (¥olume)

Extrude to Mesh
Translate (Molume)
Revolve (Yolume})
Twist (Volume)

Prism Edges (Yolume)
Tetra Edges (¥olume) . . . .
Extrude {volume} The other 2 methods are explained in the following sections.
Extrude to Surface Prim.

most frequently used method of generating volume meshes. There are
three methods generating a volume mesh by extruding seed surfaces.

1) Choose “Extrude(Volume)” from HulZlll menu.
The curve selection tool is automatically activated, and “Extr
Vol dialog box appears.

Special Treatment

4 O s tr Yo =8
Element Type Set the type of element to be generated.
() Tetrahedron
@ Hexahedron/prism
Extruding Direction Set the direction of extrusion.
ax oy QF
@& Normal
Height |1 Set the extrusion height.
Division |6 Set the number of divisions for extrusion.
. 1 Set the division weight.
Weight |1 1
The button is enabled wher The button is enabled when one or more
the mesh is generated. "‘[Reverse] [Generate ] curves are selected and compatible for me
generation.
Click this button to reverse v

\
the direction of extrusion. ﬁﬂeverse] [Generateii Click this button to generate mesh.

2)

3)

4)

5)

Set the element type.

If the element shape of the seed mesh is triangle, either tetrahedron or prism
elements can be generated. Otherwise, only hexahedron elements can be
generated, and thus this step is not necessary.

Set the direction of extrusion.

The mesh may be extruded either in the direction of a coordinate axis, or in
the direction normal to the seed surface. The normal direction is determined
independently at each of the extruding nodes on the seed surface. If more
than one surfaces are joined at a node and their slopes are not continuous,
there exists more than one normals at the node. In this case, the normal
direction is evaluated by averaging the multiple normal directions.

Enter the height of extrusion.

Extrusion height is the distance from the seed surface to the extent of the
generated volume mesh. If extrusion direction is set as “normal”, the
extrusion height designates the uniform thickness of the generated volume
mesh.

Enter the number of divisions for extrusion.
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Specify how many layers of elements to be generated by extrusion. If the
element type is 15 node prism or 20 node hexahedron, the number of element
layers is half the number of divisions , because 2 divisions are required to
make one layer of the elements.
6) Enter the weight of division density.
Enter the weight of division density in the form of w;:w_ , which is the ratio
between thickness of elements at the starting part, I, and at the ending part of
extrusion, |...
7) Select the seed surfaces for extrusion.
Select surface meshes forming seed surfaces for mesh generation. [:]
button is enabled when more than one or more surfaces are selected. More
than one surface may be used as the seed surfaces. In this case, the seed
surfaces should be connected so that their extrusion may generate a
continuous volume.
8) Click button.
A volume mesh is generated by extruding the seed surfaces. If mesh
generation is successful, I:] button is enabled. In case the mesh is
generated opposite to the desired direction, click button to reverse
the direction of extrusion. Then, mesh will be regenerated with the reverse
direction.
You may repeat the above procedure of generating mesh by extrusion without
issuing the command again, while “Extr Surf” dialog remains on the screen. This
mesh generation command is terminated by closing the dialog box or issuing any
other command.

extrusion in outward
/ normal direction

extrusion in inward
normal direction
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Seed surface mesh Generated mesh

< A volume mesh generated by extrusion in normal direction >
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« Generating mesh by extrusion up to bounding surface primitives

Auto Mesh (Surface) The bound of the extrusion may be specified by selected surface
Auto Mesh (Wolume) S . . . .
| Auto Mesh om—as | primitives instead of specifying the height of extrusion. These surface
=~ primitives are termed here as “bounding primitives.” This method of
Box Edges (Yolume}) i i i i
Prism Edges {Yolume) mesh generation is the same as the above described extrusion method

Tetra Edges (¥olume) . . . . .
Extrude (Volume) except thaF the e?<te-n-t of extrusion is -determmed not by its hm_ght but by
the bounding primitives. In generating a volume mesh by this method,
ﬁ.c;;l;?:t?(r;z% e) you can control the direction of extrusion as well as the boundary of the

Revolve (Volume) mesh. Thus, a volume mesh of desired shape can be constructed with
Twist (Volume)

relative ease.

Special Treatment »
1) Choose “Extrude to Surface Prim.” from HulZlill menu.
The surface selection tool is automatically activated, and “Extr to
Primitive” dialog box appears.

0 = extr To Primitive = B

Element Type Set the type of element to be generated.
() Tetrahedron
@ Hexahedron/prism
Extruding Direction Set the direction of extrusion.
ox  ay Oz
@& Normal
Bounding Side Set the effective side of the bounding primitive.

@ Near ) Far

Division |6
Weight -1 Enter the division weight.

The button is enabled when one or more
Set Surf seed surface meshes are selected.

Enter the number of divisions for extrusion.

Click this button to set the seed surface meshes.

A
sat Surf Then, the text of this button is altered for setting
the bound of the extrusion.
The button is enabled when one or more
Set Bound bounding primitive surfaces are selected.
set Bound Click this button to generate mesh.

2) Set the element type.
If the element shape of the seed mesh is triangle, either tetrahedron or prism
elements can be generated. Otherwise, only hexahedron elements can be
generated, and thus this step is not necessary.

3 Set the direction of extrusion.
The mesh may be extruded either in the direction of a coordinate axis, or in
the direction normal to the seed surface. The direction is always signhed
toward the bounding surface primitive.

4) Set the side of the bound.
There are usually more than two sides of the bounding surfaces applicable as
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6)

7)

8)

9)
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the boundary of the generated mesh. Therefore, it is necessary to specify
which side of the bounding primitives should be applied.

Set the number of divisions for extrusion.

Specify how many layers of elements to be generated by extrusion.

Set the weight of division density.

Enter the weight of division density in the form of w;:w, , which is the ratio
between thickness of elements at the starting part, I, and at the ending part of
extrusion, I..

Select surface meshes forming seed surfaces for extrusion.

button is enabled when one or more surface meshes are selected.
Click button.

The selected surface meshes are reserved as the seed surfaces for mesh
generation, and the button changes into indicating that selection
of bounding surface primitives is expected in the next step. At the same time,
the primitive selection tool is automatically activated.

Select the bounding surface primitives.

The selected bounding primitives are highlighted in bright red color. The
dimmed button is enabled when bounding primitives are
selected.

10) Click button.

seed surface mesh bounding surface
primitive

near side

\—C?/

A mesh is generated by extruding the seed meshes up to the bounding
primitives. button is restored to button, and the
surface selection tool is activated. The program is now ready for
generating another volume mesh. The bounding primitives must be wide
enough to cover the whole front of the extrusion. Otherwise, the mesh
generation process will be aborted with a message “The bounding primitives
cannot cover the range of the extrusion.”

far side

Seed surface and bounding primitive Mesh generated by extrusion Mesh generated by extrusion

upto “near” side upto “far” side

< Example of mesh generation by extrusion to a surface primitive >
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« Generating mesh by extrusion up to surface meshes

Auto Mesh (Surface)
Auto Mesh (¥olume)

- _Auto Mesh (o~ |
Fi

Box Edges (¥olume)
Prism Edges (Yolume)
Tetra Edges (¥olume)
Bxtrude {folume}
Extrude to Surface Prim.
Translate (Molume)
Revolve (Yolume})
Twist (Volume)

Special Treatment »

The bound of the extrusion may be specified by surface meshes. This
method of mesh generation is useful when the bound of extrusion is a
free-form surface which cannot be expressed by surface primitives
supported in VisualFEA. These surface meshes are termed here as
“bounding mesh.” This method of mesh generation is the same as the
above described method of “extrusion up to surface primitives” except
that surface meshes instead of bounding primitives are used as the
bounding limit. In order to apply this method, the bounding surface
mesh should be generated before starting the process of mesh
generation.

1) Choose “Extrude to Mesh” from HEulZilll menu.
The surface selection tool is automatically activated, and “Extr to Mesh”
dialog box appears.

[0 == Extr To Mesh

B

Division

RS —
Weight |1 -1 Enter the division weight.

Element Type Set the type of element to be generated.

() Tetrahedron
@ Hexahedron/prism

Extruding Direction Set the direction of extrusion.

X oy 2
@ Normal

[ Delete bounding mesh Check this box to delete the bounding mesh after mesh generation

11— Enter the number of divisions for extrusion.

The button is enabled when one or more

Set surf seed surface meshes are selected.
Y Click this button to set the seed surface meshes.
Set surf Then, the text of this button is altered for setting
the bound of the extrusion.
SetB d The button is enabled when one or more
(ELE L bounding primitive surfaces are selected.

Set Bound Click this button to generate mesh.

2) Set the element type.
If the element shape of the seed mesh is triangle, either tetrahedron or prism
elements can be generated. Otherwise, only hexahedron elements can be
generated, and thus this step is not necessary.

3) Set the direction of extrusion.
The mesh may be extruded either in the direction of a coordinate axis, or in
the direction normal to the seed surface. The direction is always signed
toward the bounding surface meshes.

4) Specify whether to delete the bounding mesh automatically after mesh
generation.
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6)

7)

8)
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In most cases, the only usage of the bounding mesh is to generate the volume
mesh by this method. Then it is desirable to delete the bounding meshes after
the mesh generation. If “Delete bounding mesh” box is checked, the
bounding mesh will be deleted automatically when the mesh is generated.
Otherwise, the bounding meshes remain undeleted after mesh generation.

Set the number of divisions for extrusion.

Specify how many layers of elements to be generated by extrusion.

Set the weight of division density.

Enter the weight of division density in the form of w;:w,_ , which is the ratio
between thickness of elements at the starting part, |, and at the ending part of
extrusion, 1.

Select surface meshes forming seed surfaces for extrusion.

button is enabled when one or more surface meshes are selected.
Click button.

The selected surface meshes are reserved as the seed surfaces for mesh
generation, and the button changes into indicating that selection
of bounding surface meshes is expected in the next step. At the same time,
the mesh selection tool is automatically activated.

Select the bounding surface meshes.

The selected bounding meshes are highlighted in bright red color. The
dimmed button is enabled when bounding meshes are selected.

If the bounding surface is flat, its density does not affect the result of the mesh
generation. But, in case the bounding surface is curved, the smoothness of generated
mesh may be affected by its density. Higher density is required in order to represent
curved surfaces more accurately.

10) Click button.

A volume mesh is generated by extruding the seed meshes up to the

bounding meshes. button is restored to button,

and the surface selection tool is activated.

[ 777

LT 7AT>
775475
NNNNRRL s

pm—————

Seed surface and bounding surface mesh Generated volume mesh

< Example of mesh generation by extrusion to a surface mesh>
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« Generating volume mesh by translation

A volume mesh can be generated by translating the selected seed meshes

Auto Mesh (Surface)

Auto Mesh (Wolume) .
L__Auto Mesh fon==—=a3_|  makes a trace parallel to the sweeping path. New nodes are created

along the specified sweeping path. Every node on the seed meshes

Box Edges (¥olume)

Bxtrude (¥olume)
Extrude to Mesh

Revolve (¥olume)
Twist (¥olume)

Prism Edges (¥olume)
Tetra Edges (¥olume)

Extrude to Surface Prim.

along these traces, and all of them are contained in the newly generated
mesh.

This method is useful in modeling curved structural members with
uniform section. In applying this method, some care should be taken not

Translate (Volume) to make a self-interfering mesh.

1) Choose “Translate (Volume)” from HulZll menu.

3)

4)

Special Treatment ) The surface selection tool is automatically activated, and
“Translate Vol” dialog box appears.
O ==Translate Vol == 8
Element Type Set the type of element to be generated.
() Tetrahedron
# Hexahedron/prism
Path Setting Set the direction of extrusion.
@& Input O Select
) Last
Division | 6 Enter the number of divisions for extrusion.
Weight |1 -1 Enter the division weight.
K et th Check this box to create the meshed layers with a
[ Keep angle to pa consistent angle to the sweeping path.
Setsurf The button is enabled when one or more seed
ENU I surface meshes are selected.
v Click this button to set the seed surface meshes.
sat Surf Then, f[he text of this button is altered for setting the
? sweeping path.
The button is enabled when the sweeping path
Set Path is entered or selected.
set Path Click this button to generate mesh.
2) Set the element type.

If the element shape of the seed mesh is triangle, either tetrahedron or prism
elements can be generated. Otherwise, only hexahedron elements can be
generated, and thus this step is not necessary.

Select the option for path setting.

Choose one of the 3 options setting the sweeping path, “Input”, “Select” and
“Last” by clicking the corresponding radio button. The “Last” button is
enabled only when this method of mesh generation was applied at least once
since the dialog box appeared.

Set the number of divisions for translation.

Specify how many rows of elements to be generated by translation. This
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setting is applied only when the sweeping path is not divided. If divided
curves are selected as the sweeping path, their divisions will be applied
regardless of this setting.

5) Set the weight of division density.
Enter the weight of division density in the form of w,:w, , which is the ratio
between width of elements at the starting and at the ending part of the curve.

6) Check or uncheck “Keep angle to path” check box.
If this check box is checked, the meshed layers are created so that they have a
constant angle with the sweeping path. Otherwise, all the layers are made
parallel.

7) Select surface meshes for seed meshes.
button is enabled when one or more surface meshes are selected.

8) Click button.
The selected surfaces are reserved as the seed meshes for mesh generation,
and the button changes into indicating that setting the sweeping
path is expected in the next step.

9) Set the sweeping path.
Set the sweeping path by the method selected at step 3). Tools corresponding
to the method are automatically activated, and the cursor changes
accordingly. The sweeping path should be open, and its one end point should
meet with a node on the seed curve. The sweeping path may be one curve or
serially connected curves. If the sweeping path consists of more than one
curve, they must be either all divided or all undivided. Mixed use of divided
and undivided curves for sweeping path is not allowed.

10) Click button.
A mesh is generated by translating the seed meshes along the sweeping path.
button is reverted to button. The program is now
ready for generating another volume mesh. The surface selection tool is
automatically activated, if it is not in action.

seed surface mesh
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Seed mesh and sweeping path Generated volume mesh

< Example of volume mesh generation by translation >
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« Generating volume mesh by revolution

A solid of revolution is generated by revolving seed surfaces about the

Auto Mesh (Surface)
Auto Mesh (¥olume)

)

specified axis. Volume elements are created within a ring formed by

-—-Auto Mesh (om P23 ] reyplving each of the surface element on the seed mesh.

Box Edges (¥olume)

Bxtrude (¥olume)

Extrude to Mesh

Prism Edges (¥olume)
Tetra Edges (¥olume)

Extrude to Surface Prim.

The axis of revolution may be set interactively in any desired direction.
The revolution may be full or partial depending on the specified angle.
The direction of revolution can be reversed if necessary.

1) Choose “Revolve (Volume)” from Hulallll menu.

3)

4)

Translate (¥olume) A j A A
Revolve (Yolume) The surface selection tool is automatically activated, and
USASTE S DUTE “Revolve Vol ” dialog box appears.
Special Treatment »
O ===-rRevolve VoI ==&
Element Type — I Set the type of element to be generated.
() Tetrahedron
@ Hexahedron/prism
Axis Setting Set the direction of extrusion.
@& Input ) Select
) Last
Angle 1520 . Enter the angle of revolution.
Division (12 —— |~ Enter the number of divisions for extrusion.
Weight |1 ;\lj' Enter the division weight.
The button is enabled when one or more
[Reverse ] [ set S“”'}d_’ seed surface meshes are selected.
Y Y Click this button to set the seed surface meshes.
| Then, the text of this button is altered for setting
[Heverse] l Set Surf the axis of revolution.
- The button is enabled when the axis of
revolution is selected or entered.
Click this button to generate mesh.
2) Set the element type.

If the element shape of the seed mesh is triangle, either tetrahedron or prism
elements can be generated. Otherwise, only hexahedron elements can be
generated, and thus this step is not necessary.

Select the option for setting the axis of revolution.

Choose one of the 3 options setting the axis of revolution, “Input”, “Select”
and “Last” by clicking the corresponding radio button. The “Last” button is
enabled only when this method of mesh generation was applied at least once
since the program started.

Set the angle of revolution.

Insert the angle of revolution in the dialog box. The angle should be greater
than or equal to -360° and less than equal to 360°. Both -360° and 360° make
a full surface of revolution. The negative sign reverses the direction of
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revolution.

5) Set the number of divisions for revolution.
Specify how many rows of elements to be generated by revolution in
circumferential direction.

6) Set the weight of division density.
Enter the weight of division density in the form of w;:w, , which is the ratio
between width of elements at the starting part and at the ending part of
revolution.

7) Select surface meshes forming seed meshes for revolution.

setsurf | putton is enabled when one or more surface meshes are

selected.

The selected surfaces are reserved as the seed surfaces for mesh generation,
and the button changes into indicating that setting the axis of
revolution is expected in the next step.

9) Set the axis of revolution.
Set the axis of revolution by the method selected at step 3). Tools
corresponding to the method is automatically activated, and the cursor

changes accordingly.

10) Click button.

A mesh is generated by revolving the seed meshes about the axis of
revolution. button is reverted to button. Itis now
ready for generating another volume mesh. The surface selection tool is
automatically activated, if it is not in action.

button is enabled, only when mesh generation is successful.
Clicking button reverses the sign of the revolution angle and
regenerates the mesh.
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< Example of volume mesh generation by revolution >
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« Generating volume mesh by twisting

Auto Mesh (Surface)
Auto Mesh (¥olume)

- _Auto Mesh (o~ |
=

Twisting is a method of mesh generation by extrusion combined with
revolution. So, it may be termed as “twisted extrusion”. Elements are
generated on the surface which is formed by extruding the selected seed

Box Edges (¥olume)
Prism Edges (Yolume)
Tetra Edges (¥olume)
Bxtrude {folume}
Extrude to Surface Prim.
Extrude to Mesh
Translate (Molume)
Revolve (Yolume})

Twist (Volume)

curves along the specified axis while twisting the direction of extrusion
about the axis by the specified angle. Along this twisted extrusion, the
trace of a node on the seed curve makes a helix on which new nodes are
created.

1) Choose “Twist (Volume)” from Rl

menu.

| Special Treatment »

2)

3)

4)

The surface selection tool is automatically activated, and “Twist
| Vol” dialog box appears.
O ==1wistvolI=—H

Element Type Set the type of element to be generated.

() Tetrahedron

#® Hexahedron/prism
Axis Setting Set the direction of extrusion.

@ Input ) Select

) Last
Height |1 Enter the height of extrusion.
Angle 150 Enter the twist angle.
Division (12 B Enter the number of divisions for twist.
Weight |1 : \I;ll‘* Enter the division weight.

The button is enabled when one or more
[Heverse] [ Set\Surf | seed surface meshes are selected.
Y % Click this button to set the seed surface meshes.
Then, the text of this button is altered for setting
[Reverse] l Setfurf 4—/the twist axis.
- The button is enabled when the axis of
twist is selected or entered.

Click this button to generate mesh.

Set the element type.

If the element shape of the seed mesh is triangle, either tetrahedron or prism
elements can be generated. Otherwise, only hexahedron elements can be
generated, and thus this step is not necessary.

Select the option for setting the twist axis.

Choose one of the 3 options setting the twist axis, “Input”, “Select” and
“Last” by clicking the corresponding radio button. The “Last” button is
enabled only when this method of mesh generation was applied at least once
since the program started.

Set the extrusion height.

Insert the extrusion height in the dialog box. The direction of extrusion is
given by that of the twist axis which is directed from the first input point to
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the second.

5) Set the twist angle.
Insert the twist angle in the dialog box. There is no limit in the acceptable

range of twist angle. A negative sign reverses the direction of twist.

6) Set the number of divisions.
Specify how many rows of elements are to be generated in the direction of the
twisted extrusion.

7) Set the weight of division density.
Enter the weight of division density in the form of w,:w_, which is the ratio

between width of elements at the starting part and at the ending part of
twisting.
8) Select surface meshes forming seed surfaces for twisting.
:] button is enabled when one or more surface meshes are selected.
9) Click button.
The selected surfaces are reserved as the seed surfaces for mesh generation,
and the button changes into [: indicating that setting the twist axis
is expected in the next step.

10) Set the twist axis.
Set the twist axis by the method selected at step 3).

11) Click button.
A mesh is generated by twisted extrusion of the seed surfaces.

button is reverted to [:l button. The program is now ready for
generating another volume mesh. :] button is enabled only when
mesh generation is successful. Clicking button reverses the sign of
the twist angle and regenerates the mesh.
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Seed mesh and axis of twist Generated volume mesh

< Example of modeling 3-D solid by twisting>
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Duplicating volume meshes

Volume meshes may be proliferated by duplicating existing ones. The position and
orientation of the duplicated meshes are determined by moving, revolving or
mirroring coordinates of original objects with specified offsets. Surface meshes and
curves are subsidiary objects belonging to a volume mesh. They are duplicated
together with their host volume mesh.

The procedure of duplicating volume meshes is the same as that of duplicating
curves. In order to start duplicating volume meshes, click volume selection tool
if it is not in action. Then, select one of the submenu items for duplications:
“Move”, “Revolve” or “Mirror”. Further details of duplication procedure are
explained in Chapter 3, and are not repeated here.

There is no limit in the number of duplicates which can be made at once. You can
specify the number of duplication using the dialog box for the corresponding
duplication method. VisualFEA does not check the interference between meshes.
So, you must be cautious about interference or compatibility of meshes when
duplicating volume meshes. The following figure shows examples of multiplying
volume meshes by duplicating existing ones with moving, revolving or mirroring.
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< Examples of duplicated volume meshes >
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Frame Element Generation

The only shape of frame elements available in VisualFEA is straight line. All the
elements are assumed to be linear, i.e. with a node at both ends. Frame elements
may be created by one of the following methods:

< making straight lines : Frame elements are automatically generated on a
newly created straight lines.

= dividing curves : Dividing curves assign frame elements on curves by the
number of divisions.

< mesh generation : Frame elements may be generated using some of the
surface generation techniques.

= duplication : Frame elements may be multiplied by duplication.

There are 4 types of frame elements as shown below, namely 2-D truss, 3-D truss, 2-
D frame and 3-D frame. The element type is determined by the problem setup.
Identical procedures are applied for frame element generation regardless of the
element type.

< Types of frame element >

2-D truss 3-D truss
element / element /
y y
L. .
X

Z

2-D 3-D rigid frame

rigid frame element

element y Yy
L. P

z

Frame elements are represented by a line segment with small circles at both ends.
The representation of rigid frame and truss elements are distinguished by the
shape of these circles. The circles are filled with black for rigid frame elements and
are hollow for truss elements.

Frame elements may be included in 2-D or 3-D solid analysis. In this case, frame
elements are created by assigning element properties. The method is detailed in
“Element Properties” section of Chapter 5, and will not be explained here.
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Creating frame elements using straight lines or curves

A frame members which may be modeled by a straight line or by a curve. One
frame member may consist of one element or multiple elements. A frame element
is automatically generated on a straight line, but elements are not assigned on a
curved members, until it is divided. A curved member may be approximated by
multiple line elements. Even a straight member sometimes needs to be modeled
by more than one element in connection with load assignment, force diagrams and
so on as exemplified in the following figure.

This curved member is not divided yet.  This straight member is modelled
S0, no elements are assigned on it. by 2 elements for convenience.

T _—

One element is automatically assigned
on these straight members.

This curved member has been
divided into 8. So, 8 elements
are assigned on it.

< Example of element generation on frame members >

« Creating a frame element by inputting a straight line

If the analysis subject is defined as a frame, i.e, 2-D truss, 3-D truss, 2-D frame or 3-
D frame, in the problem setup, a frame element is automatically assigned on a
newly created straight line. Line elements are usually assigned on a line or a curve
by dividing it. So, assigning an element on a line is equivalent to dividing it into
one. Dividing a curve into one implies creating a two node on both ends of the
selected curves and can be achieved by the menu command “Divide into 1.” But,
you don’t have to use this command, because it is automatically done when a
straight line is newly created. Automatic element assignment facilitates modeling
frame, because most frame members are straight line. This automatic assignment
is applied only for a frame.
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« Generating frame elements by dividing curves

As mentioned previously, a straight line is the only frame element shape available
in VisualFEA. Therefore, a curved member should be modeled by multiple pieces
of line segments which can be obtained by dividing curves. When a curve is
created, initially no elements are assigned on it. Elements are generated on the
curves when they are divided. The curves may be divided into as many elements

as necessary. More elements will produce better approximation of the curved
members hiit wiill increace the camnlevitv nf the mndel ac axemnlified below.

This curved member is approximated by 4 elements.

‘\_\__J—d_’_/

i

This curved member is approximated by 8 elements.

\\\M_I_/

i

< Bending moment diagrams with different approximation of curved member >

Straight lines are initially assigned with an element, but more than one elements
may be generated on it if necessary. Division of a straight line does not affect the
analysis results, because straight members can be modeled exactly by one element.
However, there are situations under which straight members need be modeled by
multiple elements. In such cases, you may create either multiple line segments
with one element or a straight line with multiple elements. The following figure
shows an example of such a case in which distributed load is applied on some part
of a straight member. The inclined straight line member is divided to three parts,
because distributed load cannot be applied partially on an element in VisualFEA.

This straight member is divided into 3
— and assigned with a distributed load on its middle part.

< Example of a straight member partially loaded with trapezoidal force >
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Creating frame elements using mesh generation functions

Large and complex skeletal structures like buildings consist of large number of
frame members. In modeling such a frame structure, it is difficult to create
individual members one by one. Such a model can be constructed simply by
generating frame elements as a mesh and then editing part of the mesh if
necessary. Having identified the structure as a frame, mesh lines are recognized as
frame elements. Frame elements can be generated using the following mesh
generation functions:

- “2 Edges”

e “3 Edges”

- “4 Edges”

« “Extrude (Surface)”

= “Extrude to Curve”

= “Sweep (Surface)”

= “Revolve (Surface)”

* “Twist (Surface)”

In fact, the above list includes all techniques of surface mesh generation except
“Auto Mesh” and “Auto Mesh On Primitive.” These two functions are excluded,
because they cannot control the shape of the generated mesh as normally required
in modeling frames. Meshes with either triangular or quadrilateral cells (basic
formation of frame members corresponding to an element in a surface mesh) may
be generated. The arrangement of triangular cells can be controlled by the options
“Left”, “Right” and “Union Jack” provided as radio buttons in the dialog boxes for
mesh generation. The usage of the setting is the same as is in surface mesh
generation. The “Optimal” button is disabled, because regular shape of the mesh
is not guaranteed by this option.

The following example shows how efficiently a complex frame model can be
constructed by using mesh generation functions. First, a frame mesh is generated
using “2 Edges”, and then redundant members are deleted. Lastly, some members
are added.

Seed curves are set for The mesh is generated Redundant members Some members are
mesh generation by “2 edges” are removed. added.

< Example of constructing frame model using mesh generation >
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Duplicating frame elements

New frame elements may be created by duplicating existing ones. The position
and orientation of the duplicated frame elements are determined by moving,
revolving or mirroring coordinates of original meshes with specified offsets.
Duplicating frame elements is identical to duplicating curves except that not only
the curves but also the elements are duplicated. However, individual elements
cannot be duplicated independently. In order to start duplicating frame elements,
click the curve selection tool if itis not in action. Then, select one of the
submenu items for duplications: “Move”, “Revolve” or “Mirror”. Further details
of duplication procedure are explained in Chapter 3, and are not repeated here.
The following figure shows examples of duplication of frame elements with
moving, revolving or mirroring.

You should be careful not to create overlapping members by duplication. It is advisable to
avoid duplicating members on the axis of revolution or mirror plane. That is the reason
why the members on the axis of revolution or mirror plane are absent in the following
examples. Those members can be added manually before or after duplication.

duplicated members
(with “Move”)

original

W,
frame member:

original frame members |
I

|
S

i )
\ﬁs'et distance

mirrored members

mitror plane

duplicated members
(with “Revolve”)

< Examples of duplicated frame members >
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Mesh Editing

You may edit or modify the meshes. The current version of VisualFEA has
somewhat limited but essential functions of mesh editing. Part of the editing
commands for curves and surface primitives are also effective for mesh editing.
Their usage and context are almost identical except that they are applied for
different types of objects.

General mesh editing commands

Selected meshes can be deleted, copies, pasted, or merged simply by issuing the
corresponding IEIH menu item.

« Undoing mesh generation

In order to cancel the last mesh generation, select "Undo" item of Il menu
immediately after the mesh generation. Undoing will remove all meshes generated
by the last processing, regardless of the method of mesh generation. For example,
if meshes are generated by multiple sets of duplication, all the duplicated sets will
be removed by undoing.

After undoing, the menu item changes into "Redo". Selecting the item again will
recover the meshes and revert the menu item into “Undo”. Thus, "Undo", and
"Redo" alternates as the menu item.

« Deleting meshes

In order to delete meshes, first activate the corresponding object selection tool. In
other words, click the curve selection tool to delete frame members if it is not
currently in action. Click the surface or the volume mesh selection tool to delete
surface or volume meshes respectively. In the next step, select the objects to
delete, and select "Clear" item from I menu, or press key.

When a mesh of any type is deleted, its subordinate objects are also deleted. For
example, if a volume mesh is deleted, all surface meshes and curves belonging to
the mesh are deleted. However, the seed meshes or seed curves used for
generation of the mesh are not deleted. And, surface meshes and curves shared
with other volume meshes will not be deleted. Likewise, if a surface mesh is
deleted, all the curves, except seed curves, belonging to the mesh are deleted.
Curves shared with other meshes will not be deleted. Accordingly, a volume mesh
should first be deleted in order to delete surface meshes belonging to the volume
mesh, Nodes and elements cannot be deleted individually. In order to delete
them, all the meshes possessing them should be deleted.
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« Copying meshes

In order to copy meshes of any object type, select the objects to copy, and select
"Copy" item from Il menu. The copied meshes are stored in the computer
memory and can be pasted later.

« Cutting meshes

Cutting deletes the selected meshes, and at the same time, stores the deleted
meshes in the computer memory. This is done by "Cut" command in [EZEl menu,
and has the same effect as deleting after copying the selected meshes.

« Pasting meshes

"Paste” command in [EZIM menu is enabled only when there exist objects of any
type stored in the memory by "Cut" or "Copy" command. Otherwise, the item is
dimmed and cannot be selected. When meshes have been stored in the computer
memory, “Paste” command recovers and pastes them on the screen

« Merging meshes

Two or more meshes can be merged into one. It is sometimes more convenient to
handle a large lump than a number of small pieces. Or, it may be better to treat a
few adjacent meshes with homogeneous properties as one body. In such cases,
merging meshes is very useful. Merged meshes form a single object.

Only meshes of the same object type can be merged. In order to merge surface
meshes, first click surface selection tool , if it is not in action. Select two or
more surface meshes. Then, “Link” item in [EZI# menu is enabled. Selecting the
item will merge the meshes into one. Likewise, volume meshes can be merged by
issuing “Link” command after selecting two or more volume meshes using volume
selection tool .

“Link” command for meshes can be canceled by “Undo” command in the same
menu immediately after the action. However, once merging is completed, the
merged meshes cannot be separated later.
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Modifying nodal coordinates

Meshes consist of a number of nodes and elements. You may modify the
coordinates of nodes, one by one, and accordingly the shape of the elements
connected to the nodes. This can be done either by using mouse or by using
keyboard. But, nodes on the mesh boundaries cannot be modified individually.

» Dragging nodes using mouse

You may drag individual nodal points interactively by using the mouse as
explained in the following:

1) Click node selection tool , if it is not in action.

2) Double click the node to drag.
The node is marked with a small blue rectangle, and “Node Info” dialog box
appears. The dialog has the basic information on the marked node. If “Node
Info” dialog is already on the screen, you don’t have to double click to invoke
the dialog. Instead, click the node only once. Then, the contents of the dialog
are renewed.

[0 ==Node Info =H

Node |3 Node number

x= |9.6
v= (700 Nodal coordinates
Z= |4.13

3) Position the screen cursor over the node and press the mouse button.

4) Move the mouse with the button pressed.
The screen cursor moves, and the nodal point moves along with the cursor
movement. While the node is moving, the updated nodal coordinates are
continuously echoed as texts in the “Node Info” dialog. At the same time,
the boundary lines of the elements connected to the node are also modified.
Accordingly the modified shape of the elements are drawn on the screen.

5) Release the mouse button.
The node is settled the the point where the mouse button is released.

6) Repeat step 3), 4), 5) until the node is placed on the desired position.

While “Node Info” dialog box is on, clicking another node will switch the node to
drag. The contents of the dialog box are also renewed. So, you may drag nodes
one after another by repeating step 3) through 6). In order to quit dragging nodes,
close “Node Info” dialog by clicking the close box of the dialog.

You must make sure that the corresponding grid plane is on and contains the point to which
the node is to be dragged. The reason is that VisualFEA constrains the movement of cursor
by the grid plane.
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/ /
Place the cursor over the node to Move the mouse with mouse Release the mouse button.
drag, and press mouse button. button pressed.

< Process of dragging a node >

« Modifying nodal coordinates by keyboard input

Nodes can be moved to the desired position by directly entering the coordinates of
the nodes using keyboard.

1) Click node selection tool , if it is not in action.

2) Double click the node to drag.
The node is marked with a small blue rectangle, and “Node Info”” dialog box
appears.

3) Edit the coordinates of the node to modify using the dialog.
The coordinates of the node are displayed as editable texts on the dialog, and
can be edited one by one.

4) Press key (Windows : key).
The edited texts are entered as the new coordinates of the node, and the nodal
point moves to the new position. The shape of the elements connected to the
node is accordingly modified.

While “Node Info” dialog is on the screen, the contents of the dialog are renewed
with the information of another node by simply clicking the node. You can
modify the coordinates of the node, the information of which is currently
displayed on the dialog.

« Changing node number

The node numbers can also be modified using “Node Info” dialog described
above. Edit the text representing the node number and press key (Windows
: key). Then, the node number is changed into the

newly entered number. If the modified number is less than original one, all the
node numbers between them will be increased by one. If the modified number is
greater than original one, all the node numbers between the original and the
modified nodes will be decreased by one.
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« Absorbing nodes

Undo #Z
Redo
Cut X
Capy #C
Paste ®EY
Clear #EK
Duplicate and 3
Link L
Absorb Nodes
Separate =M
nterse
3)
4)

A node shared by 2 or more adjacent mesh regions may be unintentionally
separated into more than one nodes, owing to limited precision of
computation. This happens rarely, but its consequence may be critical. Such
unintentionally separated nodes may be merged into one by the following
steps.

1) Click node selection tool , if it is not in action.
2) Select nodes in the range of suspected nodal separation.
Assume roughly the range which may contain separated nodes, and
select the nodes within the range. Or select all the nodes in the model,
if it is difficult to assume the region.
Choose "Absorb Node" item from EEE menu.
A dialog for setting absorption tolerance pops up on the screen. Edit the
editable text of absorption tolerance, which is the limiting distance for node
absorption.

O=———-H

Absorption i
Tolerance L0001 Set the tolerance of absorption
by editing this text.

[cancel| | Absorb |

Click button in the dialog.

The nodes within tolerance distance from each other are merged into one.
New nodal coordinates are determined by averaging the coordinates of the
merged nodes.
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Transforming meshes

Meshes can be moved, resized or rotated as a whole. In other words, the geometry
of selected meshes and their subordinate objects can be transformed. This
capability of VisualFEA is useful more frequently in displaying analysis results
which is described in the “Visualizing Scalar Data by Contours” section of Chapter
7. Mesh transformation applies only to surface and volume meshes, but not to
frame meshes.

« Moving meshes

You may move the selected meshes either by dragging the bounding box or by
entering distances of movement in X, Y and Z directions as explained in the
following:

1) Click surface selection tool or volume selection tool depending on
the type of mesh to move.

2) Select the meshes to move.
Selected meshes are included in the list of the meshes to move.

3) Click object movement tool .
A bounding box surrounding the selected meshes is drawn on the screen. The
bounding box may be a rectangle or a right hexahedron, as shown in the
following example, depending on the spatial dimension formed by the
meshes to move. If all the nodes within the meshes have an identical
coordinate in any one of X, Y or Z, the bounding box is reduced to a rectangle.

~_=
N

The bounding box is a rectangle. The bounding box is a right hexahedron
Move Distance < Bounding boxes surrounding planes and 3-D volumes >
#l4.m . . . . . .
elo At this stage, editable text boxes displaying the distances of movement in X,
z [0 Y and Z directions appear at the bottom of the tool palette as shown at left.

4) Place the screen cursor on one edge of the bounding box, and press the
mouse button.
The direction of movement is set as parallel to the selected edge.

5) Move the mouse with the button pressed.
The bounding box moves by sliding on the selected edge. The distance of
movement is determined by the cursor movement, and is displayed on the
text boxes at the bottom of the tool palette.
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6) Release the mouse button.
The bounding box settles at the final position where the mouse button is
released. The selected meshes also are moved to the new position.

The meshes can be moved to the desired position by repeating step 4), 5) and 6)
with different edges. Or, the desired movement may be achieved at once by
directly entering the offset distances in the editable text boxes of the tool palette.

T
vt ey

A A

i A ALV A
CEE i
D e e e b A
T

Place the cursor over an edge
of bounding box parallel to the
direction of movement.

And press the mouse button.
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Drag the bounding box to the
desired position.

Release the mouse button.
The selected meshes together
with bounding box settles at

the position.

< Moving meshes by dragging the bounding box >

» Rotating meshes

You may rotate selected meshes either by turning the bounding box using the
mouse or by entering the angles of rotation about X, Y and Z axis as explained in
the following:

1) Click surface selection tool or volume selection tool depending on
the type of mesh to rotate.

2) Select the meshes to rotate.
Selected meshes are included in the list of the meshes to rotate.

3) Click object rotation tool .
A bounding box surrounding the selected meshes is drawn on the screen.
Editable text boxes displaying the angles of rotation about X, Y and Z axes

Object Angle
Bx|0 appear at the bottom of the tool palette as shown left.
By|51.9 4) Place the screen cursor on one edge of the bounding box, and press the
B[ 0 mouse button.

The axis of rotation is set to be parallel to the selected edge, and to pass
through the centroid of the bounding box.

5) Move the mouse with the button pressed.
The bounding box rotates about the coordinate axis parallel to the selected
edge. The angle of the rotation is determined by the edge moving along the
cursor movement. The angle of rotation is continuously updated on the text
boxes at the bottom of the tool palette, while the bounding box is being
rotated.
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6) Release the mouse button.

The bounding box settles with the final orientation where the mouse button is
released. The selected meshes are also rotated to the new orientation in
accordance with the bounding box.

The meshes can be rotated to the desired orientation by repeating step 4), 5) and 6)
with different edges. Or, the desired rotation may be achieved at once by directly
entering the angles of rotation about each coordinate axis in the editable text boxes
of the tool palette.
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Place the cursor over an edge of bounding
box parallel to the axis of rotation.
And press the mouse button.

Drag the edge. Then, the bounding
box rotates along with the edge.
Rotate the box to the desiredorientation.

Release the mouse button.
The selected meshes are rotated to
fit within the rotated bounding box.

< Rotating meshes by dragging an edge of the bounding box >

« Resizing meshes

2)

3)

Object Scale

Fx(1
ru 1
1.7

4)

5)

You may resize the selected meshes either by rubber-banding the bounding box or
by entering the relative scale in X, Y and Z axis as explained in the following:

1) Click surface selection tool ar volume selection tool lepending on the

type of mesh to resize.
Select the meshes to resize
Selected meshes are included in the list of the meshes to resize.
Click object resizing tool [£&*].
A bounding box surrounding the selected meshes is drawn on the screen.
Editable text boxes displaying the relative scales of the meshes in X, Y and Z
axes appear at the bottom of the tool palette as shown left. The relative scales
are set to 1 at the beginning.

Place the screen cursor on one edge of the bounding box, and press the
mouse button.

The direction of the resizing is set as parallel to the selected edge.

Move the mouse with the button pressed.

The bounding box expands or shrinks in the direction parallel to the selected
edge. The relative scale is determined by the movement of the cursor on the
edge. If the cursor moves toward the center of the edge, the relative scale is
reduced and the selected meshes shrink.

If the cursor moves toward the ends
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of the edge, the meshes expand. The relative scale is continuously updated on
the text boxes at the bottom of the tool palette, while the bounding box is
being resized.

6) Release the mouse button.
The bounding box settles with the final scale desighated by the cursor
position where the mouse button is released. The selected meshes are also
resized to the new scale in accordance with the bounding box.

The meshes can be resized to the desired scale by repeating step 4), 5) and 6) with
different edges. Or, the desired resizing may be achieved at once by directly
entering the relative scale in each coordinate axis in the editable text boxes of the
tool palette.
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Place the cursor over an edge of Slide the cursor over the edge. Release the mouse button.
bounding parallel to the direction of The bounding box expands or shrinks The meshes shrink or expand to fit
resizing. And press the mouse button. along the movement of the cursor. within the resized bounding box.

< Resizing meshes by rubber-banding an edge of the bounding box >

Instead of resizing only in one edge direction, you may resize the meshes with
equal relative scale in X, Y Z direction. This can be done by pressing key
(Windows : key) while resizing the meshes following the above procedures.

Object Scale Object Scale

LR
ru 1
rz(1.7034
Only the dimension in The dimensions in X, Y and Z
Z direction is resized. directions are concurrently resized
Resizing without ey(Windows: ey) pressed Resizing with Ey(WindOWSi ey) pressed

< Resizing meshes with and without E key (Windows : E key) pressed >
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Other mesh treatments

The are functions for special treatments of meshes. The current version of
VisualFEA supports 2 functions: creating a crack tip and remeshing.

Auto Mesh {Surface}

Extruue w Surface Prim.
Extrude to Mesh
Translate (Volume)
Revolve (¥olume)

Twist (WYolume)

Special Treatment il Remesh —+——Remeshing
Crack Tip - Making crack tip elements

» Remeshing

A selected part of a surface mesh can be remeshed. Automatic mesh generation
algorithms are used in remeshing operation.

1) Click the element selection tool , if it is not in pressed state,
There appears menu at the right end of the menu bar. "Select Surface
Elem." item of the menu should be checked.

2) Select the region of elements to remesh.
The selected elements should be within a surface mesh and form a unified
region. Otherwise, remeshing will not work.

3) Choose "Remesh" item from submenu.
If all the selected elements have quadrilateral shape, quadrangle elements are
generated by remeshing. Otherwise, triangular elements will be generated.

Selected part for remeshing
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Before remeshing After remeshing

< Example of remeshing >

Remeshing cannot be undone, and therefore the original mesh cannot be recovered. It is a
good strategy to save the model before remeshing, so that the original mesh can be recovered
in case the remeshing produces unsatisfactory result.
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« Making crack tip elements

The 1 Jr stress singularity at a crack tip is usually modeled by using quarter-
point elements in which the mid-side nodes are positioned at one quarter of the
edge length from the crack tip node. The elements surrounding a crack tip can be
converted into quarter-point crack tip elements by the following steps:

1) Click the node selection tool , if it is not in pressed state.

2) Select the crack tip node.
The crack tip node should be at the tip of the crack, and the surrounding
elements should be of quadratic order, i.e., 6 node triangular or 8 node
guadrilateral element.

3) Choose "Remesh" item from submenu.
The surrounding elements are converted into quarter point crack tip elements.
The mid-side nodes of the elements move to the quarter points along the
edges toward the crack tip.

crack tip node

Before converting to crack tip elements After converting to crack tip elements

<Example of creating crack tip elements >
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Surface normal and tangent directions

VisualFEA uses surface normal directions for various purposes including model
rendering, force assignment, local coordinates of a shell element and so on. The
normal direction at a specific point on a surface mesh is determined by the element
containing the point. It is related to the node numbering within the element. The
tangent directions are especially important for a shell element with its local
coordinates based on the surface normal and tangent directions. They are defined
by the surface normal and the global coordinate axes. You can identify the surface
normal and tangent directions, and reverse the directions if necessary.

—o _,/15 3/’ \\\_‘4 i 5

Undo / v
- 8 24 /
Build Boundary Curve | / f / U

o ND Normal / o4 / 6
Project Tangent {Local x) .\ / .
Send Behind Tangent {Local ¥) 1 \ / T

W Reverse e 3 \g.;,l\n 7

<Node numbering and normal direction on an element>

« Displaying the surface normal direction

To display the surface normal, select surface meshes whose normal directions are
to be displayed. And choose the "Normal" item of submenu. Then,
a surface normal vector is drawn at the center of each element constituting the
surface meshes.

The surface normal of this part are reversed.

After reversing normal directions

Before reversing normal directions

<Example of reversing surface normal direction>
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« Displaying surface tangent directions

There are two tangent directions which makes 3 orthogonal axes along with the
surface normal. The tangent directions are also the local coordinates axes used in
shell elements. To display the directions tangent to the surface, select surface
meshes whose tangent directions are to be displayed. And choose the "Tangent
(Local x)" or "Tangent (Local y)" item of submenu. The local x
direction of a shell element is displayed by selecting "Tangent (Local x)" item, and
the local y direction by "Tangent (Local y)".

« Reversing surface normal directions

The surface normal directions can be reversed by selecting surface meshes and
choosing "Reverse" item of EiaNanEl submenu. Reversion of a normal vector
on an element results in reversing the node numbering within the element.
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Data Assignment

A problem to be solved by the finite element method is defined by the geometry
and the attributes of the solution domain. The geometry is modeled by nodes and
elements created by mesh generation as described in Chapter 4. The attributes
consist of various data such as material properties, boundary conditions, load
conditions and so on. VisualFEA provides functions for creating these data and
assigning them on the nodes and elements. The attribute data handled by
VisualFEA can be classified basically into 3 categories: properties of the solution
domain, conditions at the boundaries, and data related to external effects such as
load and temperature.

The data in each category have many items varying with the type of analysis and
the geometry of the domain. Data sets are first defined with specific values of all
relevant items, and then assigned to the selected nodes or elements. These actions
are carried out interactively using various functions provided in the tool palette,
menu or dialog box. The states of the data assignment can also be visualized and
checked for their correctness. The major functions related with data assignment
can be summarized as follows:

= creating and deleting data sets : define a new data set and enter values of
the individual items of the data set using a dialog box, and delete a data set.

= assigning and unassigning data : assign a data set to the selected objects, and
unassign a data set from the selected objects.

= checking and visualizing data assignment : visualize the assignment of a
specific data set or identify the data set assigned to the selected objects.

There are also functions specific to certain data types, as shown in the following

T menu.

Heat Property — Start assigning heat (or seepage) properties Structural Boundary
Structural Boundary—{- Start assigning boundary conditions N Heat Boundary
Heat Boundary ——— Start assigning heat(or seepage) boundary conditions Load Condition

Load Condition
Load Combination——]
[vnamic kotion
Member Joint

Sequential Stage——}

- Start assigning load conditions

- Start defining load combinations

- Start assigning dynamic motions

- Start assigning connectivity of frame members

- Start defining sequentially staged modeling data

| Check the data set assigned to the selected objects
| Remove data sets assigned to the selected objects

| Condense the data by merging similar data set

Check —HEBE—
Clear —
Condense Set — |}
Show Current Set Only |

| Condense the data by merging similar data set

Initial menu items

These items are attached to the initial menu
items for current type of data assignment.

Load Combination
Dynamic Motion
kMember loint
Sequential Stage

Don‘t Select Loads

Arrow On Object
Arrow Off Object
Optimum Arrow

Limit Arrow Size
Reset Arrow Size
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Overview of Data Assignment

There are a few different types of data to be assigned to the finite element model.
But the procedures of assigning data are similar and consistent regardless of the
data type as described below.

Basic composition of data

The minimum amount of data necessary for finite element analysis is varied with
the type of problem to be solved. VisualFEA can do 3 types of analysis : structural,
heat conduction and seepage. And therefore, data required for these 3 types of
problems are described below.

« Data for structural analysis

The attribute data necessary for structural analysis are basically composed of the
following components:

< material properties: elastic constants, unit weight, thermal expansion
coefficients, etc.

= structural boundary conditions: structural constraints or supporting states
such as spring.

= load conditions: various types of applied forces including uniform force,
moment, body force, etc.

The above components are essential for structural analysis. Multiple load
conditions can also be defined by linear combination of the load condition sets.

= load combinations: combinations of load condition sets defining multiple
load condition. This item is available only for linear static structural model
with more than 2 load condition sets.

The following data items are additionally required to define other characteristics
of the problem.

= local member connectivity: pin ended, rigid ended.
= dynamic motion: dynamic displacement, velocity and acceleration.

When the necessary data are completely assigned, the problem are are ready for
finite element solution.

« Data for analysis of heat conduction

The data necessary for heat conduction analysis are basically composed of the
following 2 components:

= material properties: thermal conductivities in X, Y and Z directions.
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=« heat and temperature boundary conditions: specified temperatures,
specified heat flux, convection boundary conditions, heat source, etc.

In order to make the problem solvable by VisualFEA, the material properties
should be assigned to all elements, and at least one component of the heat or
temperature boundary conditions should be applied.

« Data for seepage analysis

The data necessary for seepage analysis are basically composed of the following 2
components:

= material properties: flow conductivities in X, Y and Z directions,
conductivity function, water content function.

= seepage boundary conditions: water head (open and confined), flux, point
source, and initial water table.

In order to make the problem solvable by VisualFEA, the material properties
should be assigned to all elements, and an open or confined head boundary
condition should be applied at least to one point of the model, as subsequently
described

General procedure of data assignment

The procedure of assigning data, regardless of type, may be divided into the
following several steps:

1) Start the data assignment procedure.
Choose one of the items “Element Property”, “Structural Boundary”, “Heat
Boundary”, “Load Condition”, and “Element Connectivity” from Il
menu. Then, a corresponding dialog box appears.

2) Define a data set.
A data set is a data unit carrying specific values of data items. There are a
number of items in a data set. Specific values are entered for them using the
associated dialog. Details of data items are described for each data type in the
following sections.
You may define as many data sets as necessary. There is no limit to the number of
data sets. Only one data set is active at a time. The currently active data set is
effective for assignment. When a new data set is created, the set becomes active
automatically.

3) Make the desired set active.
If you want to assign a data set which is not currently active, you should
make the desired set become the active one by scrolling. A data set may be
created, deleted or scrolled using the functions of dialog boxes, which are
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explained later in this section.

4) Select objects to assign data.
A data set may be assigned to different types of objects, but not to all object
types. There is a default object type for a given data type. The selection tool
of default object type is automatically activated when you start a data
assignment procedure. You may switch the object selection tool if necessary,
but only applicable object selection tools are enabled.

5) Assign data to the selected objects.
Click button of the dialog to assign the currently active data set to the
selected objects. The newly assigned data are indicated with highlight on the
mesh.
Some types of data may be assigned to surface meshes, volume meshes or curves.
However, they are eventually assigned to the nodes or elements within these objects.
The default and applicable object types are described in detail for each data type in the
following sections.

You may repeat step 2) through 5) as many times as necessary without opening the
dialog again while the corresponding dialog box is on the main window. You may
guit this data assignment procedure by clicking the close box of the dialog, or
starting any other procedure.

Functions common to all types of data assignment

There are a number of functions related to data assignment. Some of them are
provided as dialog items, and others as menu items. Among all the various
functions related to data assignment, those ones commonly applied to all types of
data assignment are described below. Other functions are applied differently
depending on the type of data and the analysis subject. So, they are explained in
separate sections for various types of data assignment.

« Functions handling data sets

While you are assigning data, a dialog box is always displayed on the main
window. The dialog boxes have various items depending on the associated data
type and the analysis subject. However, there are items common to all dialog
boxes for data assignment as shown below.

create a new data set

O =—rroperty =—=8
assign a data set {Assign] [ NEW ] [DEIEtE} delete a data set
[ - 3] scroll down data sets
data set number i L] | P, | IEI scroll up data sets

(Mac OS : popu menu ‘
Windows: dropdown list data set label
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All of the above dialog items are for handling data sets including creating, deleting,
scrolling and selecting data set. Usage of the items is explained below.

Click this button to create a new data set. The values of the data items
in the new set are initially copied from the existing values if
applicable, or given with the default values.

[Delete ] The active data set is deleted by clicking this button. The data set is
also removed from all the objects assigned with it. Exceptionally in
case only one data set is left. Then the set is not deleted, but only its
assignment is removed.

The data set numbers are rearranged to fill the gap of the deleted set.
The set next to the deleted set becomes active.

Click this button to assign the current data set to the selected objects.
(Windows: It is the default push button of the dialog. Therefore,
pressing key has the same effect as clicking this button.)

1 s The number of the data set is displayed as a popup menu(Windows:
drop-down list) item. You may choose the desired set using this
popup menu (Windows: drop-down list).

The label of the data set. You may label a data set by entering a
character string in the text box.

= This button is used to scroll up the data set. The current set is scrolled
up by this button. Clicking this button once reduces the current set
number by one.

= This button is used to scroll down the data set. The current set is
scrolled down by this button. Clicking this button once increases the
current set number by one.

« Entering values of data items

A data set consists of many data items, each of which should be given with specific
values. All of the data items are expressed as dialog items: some are editable texts,
and others are radio buttons, check boxes, etc.

The first data set is initialized with the default values given by the program. When
a new data set is created, each item of the set usually inherits the value of the
corresponding item of the previously current set. Some items are interrelated.

You may freely enter or change values of the currently current data set before
assigning the set to objects. However, once a data set is assigned to any object,
modification of the set is restricted.

« Modifying values of data items

In order to modify the values of a data set, first you must make the set the current
set using the dialog items @, m or ! ] as explained above. Only the current
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set is displayed on the dialog, and thus, their items can be accessed for
modification. If the current set is not yet assigned to any object, the data items can
be edited freely. On the other hand, if the set is already assigned, modification of
the set either asks for confirmation or is not allowed. So, if you try to modify an
item of an assigned data set, you will get a message like this

Do vou want modify or generate a new set?

[Cancel] [ New ]

f This property set has been assigned.

If you click button, the current data become modifiable again so that you
may freely edit any item in the set until the modified set is assigned to any object.
In this case, the modification will affect all the objects assigned with this data set. If
you click button,the current set remains intact, and instead, a new set is
created. If you click button, your editing action is ignored, and nothing
happens.

There are also cases in which any assigned set cannot not be modified. Then, you
will get a notice like this,

The load type of an assigned set cannot he
changed!

Do vou want to generate a new set?

Cancel I Mew

If you click button, a new set is created and becomes current. So, you may
edit the data items of the new set and assign the set to the selected objects. If you
click button, your editing action is ignored, and nothing happens.

» Assigning data sets

If new data assignment is ready;, button of the dialog is enabled. Pressing
the button assigns the current data set to the selected objects. Data assignment can
be canceled by “Undo” command in IETl menu before any other action is taken.
You may assign a data set to objects which have already been assigned with other
data sets. The results of such overlapping assignment depend on the type of data
and setting of the related option, and are explained in conjunction with assignment
of corresponding data sets.
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« Checking data assignment

+ Structural Property
Heat Property
Structural Boundary
Heat Boundary
Load Condition
Load Combination
Dynamic Motion
Member Joint
Sequential Stage

Check #B
Clear

Condense Set

Show Current Set Only

Rebuild Embedded Bars

The state of the data assignment can be checked using “Check” item.
When you choose “check” item in [Assign] menu, the data set assigned on
the selected object becomes active, and the dialog shows the data items of
this set. At the same time, the assignment of the new current set is
displayed with highlight.

If two or more objects are selected and they are not assigned with a single
data set, the new current set cannot be determined, and thus requested
checking may not be realized.

Instead of using this function, you may identify the data set by scrolling
the current data set.

« Clearing data assignment

In order to clear data assignment from certain objects, first select the objects to be
cleared of data assignment, and choose “Clear” item. All data sets of the current
dialog are unassigned from the selected objects. The data sets themselves are not
affected by this action.

In order to delete data sets, use [Delete] button in the dialog.

« Condensing data sets

If you want to remove data sets which are not assigned to any object, choose
“Condense” item. As for structural boundary conditions, data sets with identical
contents will also be merged into one by this action. If the current set is merged
into another set, the merged set becomes the current set.

« Ending data assignment

In order to end the current data assignment, simply click the close box of the dialog
box, or start any other command.
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Structural Element Properties

The attributes of the solution domain in finite element analysis are defined by the
data representing the characteristics of each element. These data are termed here
as element properties. The element property related action is initiated by one of
the 2 different menu items, i.e., "Structural Property" and "Heat Property" (or
"Seepage Property" for a seepage analysis) depending on the type of property for
assignment. In the case of coupled analysis, it is necessary to assign two different
types of properties to one model.

Defining structural element properties

In order to start assigning structural properties, choose “Structural Property”

Assign A A .
item in ST menu. “Property” dialog appears, and the current state of

Heat Property

Structural Boundary

their assignment are displayed in the main window.

Heat Boundary
Load Condition
Load Combination
Dyvnamic Motion
Member loint
Sequential Stage

The element properties are defined and assigned by the data unit called
element property set. A set consists of many data items, all of which are
displayed on “Property” dialog. Structural element properties may include
geometric characteristics as well as material properties. The items differ

Check
Clear
Condense Set

Show Current 5et Only [

=g | depending on the subject of analysis, or analysis class of the element as
described below.

Plane / Surface
Solid

Truss

Frame
Interface

Slip Bar
Embedded Bar
Heat

=——Property =—"—H
[Assign] [ New ] [Delete]
[ Prop. color check box to turn on or off property color mode
[ Plane / Surface i} popup menu selecting the analysis class of the element
Linear ¥ | — 1 popup menu setting the constitutive model
@ Isotropic buttons to set isotropy
hotropi
E 1e+06
n 0.25
1 1 —}— editable text for data items consisting an element property set
m 1
a \te-05

« Analysis class of element

The first popup menu in “Property” dialog is provided to enable mixing different
types of structures in one analysis, as explained in the next section. Using this
menu, you can select the type of analysis-related characteristics to impose on the
element. It is termed here as “analysis class of element.” Each item of the popup
menu represents an analysis class of an element.
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"Plane/Surface": plane stress, plane strain, axisymmetric, plate bending, and
shell element.

"Solid": 3-d solid element.

"Truss": 2-d or 3-d truss element.

"Frame": 2-d or 3-d frame element.

"Interface": interface or gap element

"Slip Bar": slip bar element

"Embedded bar": embedded bar element

"Heat": heat conduction element

Only classes compatible for the current project are selectable. In case of frame
analysis, for example, "Truss" and "Frame" items are selectable, and others are
disabled.

Linear
Elasto-plasticy-M
Elasto-plastic:M-C
Elasto-plastic:Tresca
Elasto-plastic:D-P
Compression Only
Tension Only

Constitutive model

The second popup menu in “Property” dialog is to select the constitutive
model. This is applicable for material nonlinear analysis of structures. For
linear analysis, the menu contains only "Linear" item. The current version of
VisualFEA supports only those nonlinearities shown as the menu items. The
items vary depending on the analysis class of element as described in the
previous section. For "Plane/Surface" and "Solid", the following items are
available.

Linear Interface

Mo Tension 5lip

No Compression slip
Gap

"Linear": linear elastic model.

"Elasto-plastic:V-M": Elasto-plastic model with VVon Mises yield criterion.
"Elasto-plastic:M-C": Elasto-plastic model with Mohr-Coulomb yield
criterion.

"Elasto-plastic:Tresca": Elasto-plastic model with Tresca yield criterion.
"Elasto-plastic:D-P": Elasto-plastic model with Drucker-Prager yield
criterion.

"Compression Only": Linear constitutive relationship for compression, and
no stress for tension.

"Tension Only": Linear constitutive relationship for tension, and no stress
for compression.

The following are the items available for interface elements.

"Linear Interface": linear elastic properties defined in the longitudinal and
the thickness direction respectively.

"No tension slip™: The interface delivers compressive normal force across the
element, but not tensile force. The maximum resistance against slippage
between the two faces across the element is defined by the friction
coefficient. The maximum resisting stress is obtained by normal stress
multiplied by the friction coefficient.



5-10 Chapter 5 Data Assignment

= "No compression slip™: The interface delivers tensile normal force across the
element, but not compressive force. The maximum resistance against
slippage between the two faces across the element is defined by friction
coefficient. The maximum resisting stress is obtained by normal stress
multiplied by the friction coefficient.

« "Gap": The interface models a gap between two faces. No force is delivered
between the two faces until the gap is diminished by deformation.

The following are the items available for slip bar elements.

Linear Bonding = "Linear bonding": The bonding between the slip bar and the surrounding
Nonlinear Bonding body is represented by linear elastic model .
= "Nonlinear bonding": The bonding between the slip bar and the surrounding
body is represented by nonlinear stress-strain relationship.

« Isotropy of the properties

The element properties can be defined as either isotropic or orthotropic using the
radio buttons in "Property" dialog. In case the properties are defined as
orthotropic, there appear more items in the dialog as shown in the following figure.

[0 = Property =—"=H [0 =—=Property =—"=—HH
[Assign] [ New ] [Delete] [Assign] [ New ] [Delete]
CEF 8 EES R
[ Prop.color [ Prop. color
[ Solid B [ Solid =]

Linear Linear >
) Isotropic
Orthotropic
Ex 1e+06
Ey 2e+06
Ez 8e+05
Uxy 0.2
Hyz 0.25
defined as isotropic Ha 0.3
Gyy 200000
defined as orthotropic Gazy 400000
Gyz 300000
bz 0
by 0
m 1
o 1e-05

<Data items for isotropic materials and for orthotropic ones>
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« Data items of element properties

An element property set consists of a number of data items, which vary depending
on the analysis subject, analysis class of the element and the isotropy. As you alter
the popup menu items or radio buttons on "Property" dialog, you will notice that
the dialog expands or shrinks in its size to accommodate the changing data items
properly. Each data item is denoted by a simple token or by a caption. This
denotation of data items can be toggled by clicking the part of the dialog as shown
in the figure below..

(| Property =] (| Property B

[Assign] [ New ] [Delete]

=P 8

[Assign] [ New ] [Delete]

O Prop. color O Prop. color
[PIane!Surface i] [PIane!Surface i]
Linear v Linear v
@ Isotropic @ Isotropic
{2 Orthotropic {2 Orthotropic
1e+06 Elastic. 1e+06
0.25 Foisson’s 0.25
1 hickness 1
1 Ml sz density 1
18=05 Exzasien,/ [1e-05

tokeZs of data items Click this part to toggle
token and caption

captions of data items

Defining element properties of truss and frame elements

Frame and truss elements are line segments with specific cross sections. The
property set of such elements includes the data related to the cross section such as
section area, area moment of inertia, and so on. These data can be defined either
directly inserting the values to the corresponding items, or indirectly by specifying
the shape and the dimensions of cross section.

"Property" dialog for frame or truss element is different from dialogs for other
analysis class elements as shown below.

There are 2 radio buttons to set whether to define the element properties with or
without defining the cross section. Turn on "Section unspecified" radio button to
define the element property without specifying the cross section. Otherwise, turn
on "Section specified" radio button to specify the cross section as explained in the
following section.
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Use these buttons

to set whether to specify
the cross section or not

Data Assignment

O = Property ==

B

[Assign] [ New ] [Delete]

O Prop. color

= 8

[Frame

A

8 3 —2m

1e-05

Press these buttons
to create or modify
a cross section

« Defining cross sections of a truss or a frame member

The cross sectional properties of a structural member can be inputted by
dimensioning the section of a selected shape in the following order.

Dimensional notations
of the selected section type
are displayed here.

Click the icon to select

1) Click "Defined section" radio button or [ Edit] button.

Then, "Section Properties” dialog appears on the screen.

Section Properties

Section Shape

B

T Shape

U]

U Shape

the section type.

Set the orientation
of the section.

—

Shape

-5

| Yariant

Pl

H
t1

t2

Section Constants

3

0.25

25

[ Read ][

Save

scal @ | Set the scale of the inputted
cale dimensions to actual ones.
B |2~

| Input dimensions
of the selected section type.

|- Computed section porperties.

Click this button to insert the

] [ Cancel I,computed section properties
J into appropriate items of

“Property” dialog.

Read the section attributes from a file

Save the section attributes to a file

2) Scroll the list view of section icons so that the desired icon may be seen.
The current version of VisualFEA has 13 shapes of defined cross section. The
list view on the left of the dialog contains the icons of section shape. Only 4 of
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<List view icons and dimensional notations of cross sections>
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them are shown. The desired one can be made visible by using the scroll bar
of the list view.
3) Select the desired shape of cross section.
Click the icon of the desired shape. Then, there appears the detailed view of
the selected cross section with dimensional notations, and editable text boxes
for inputting the dimensions.
4) Input dimensions of the section.
Insert the texts into the editable text items representing the dimensions of the
cross sections. If all the dimensions are supplied, the computed sectional
properties are displayed at the right bottom portion of the dialog.
5) Set the orientation of the section if necessary
If the desired orientation of the section is not the same as the one displayed on
the dialog, that can be altered by choosing one of the following radio buttons:
- "Original” : The orientation is maintained as it is.
- "Flip vertical": The section is flipped about a horizontal axis.
- "Flip horizontal": The section is flipped about a vertical axis.
- "Rotate right": The section is rotated 90° clockwise.
- "Rotate left"; The section is rotated 90° counter clockwise.
- "Rotate 180° ": The section is rotated 180°.
6) Click [__9X. | button.
The computed cross sectional properties are automatically inserted into the
corresponding items of "Property"dialog.

\n Properties
[0 = Property B
Scale |:| [Assign] [ New | [Delete]
iz =
2 B [2 1 2] [p E
H |3 [ Prop. color
H t1 0.23 [Frame i.l
t2 |02 -
L 5
n inear
tz # Section unspecified
{2 Section specified
Section Constants E 1e+06
Original E: : 5 n 0.25
Flip Yertical A= 1.625 1.625
Flip Horizontal J=0.0338542 //_/JH/" 2.22135
L= 222135 —— || 1 0.336589
Iy=0336589 — [ | <,
d
Z.= 1.4800 0.0338542
ate 180 Degr. 2y= 0.336589 m 1
L1 0
[ Cancel ][ 0.K. ]| p 0

< Automatic insertion of computed cross sectional properties>
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Once the cross sectional properties are automatically inserted into the appropriate
text items of "Property" dialog, the cross section data is linked to the property set.
Thus, "Defined section" radio button is turned on for this set. The cross section of
this property set can be edited later by clicking [_Edit] button and modifying the
text items of "Section Properties" dialog. However, if any item automatically
inserted from the cross sectional definition is manually modified, the link between
the property set and the section properties is broken and cannot be recovered.
Thus, "Undefined section” radio button is turned on for this property set.

Assigning element properties

Element properties are assigned to objects as a set. Only the currently active set is
assigned to selected objects by clicking button of the dialog. The general
procedures of assigning data are explained in a previous section, and so will not be
repeated here. Rules of object selection for property assignment and the display of
the assignment are briefly explained below.

« Selecting objects to assign element properties

Element property sets can be assigned to various objects. However, the data sets
are eventually assigned to elements constituting the objects. For example,
assigning a data set to a volume is equivalent to assigning the set to all elements
within the volume. Therefore, the data sets can be assigned either to individual
elements or to the kind of objects which contain the actual elements involved in the
finite element analysis. The assignable objects differ depending on the analysis
subject or the analysis class of element as summarized in the following table.

< Assignable objects for element properties >

analysis subject analysis class assignable objects
of element

plane stress/strain plane/surface surface mesh, surface element
axisymmetric,
plate bending
shell structure
3-D solid structure volume volume mesh, volume element
2-D truss truss curve, truss element
3-D truss
2-D rigid frame frame curve, frame element
3-D rigid frame
interface interface curve
slip bar slip bar curve
embedded bar embedded bar curve
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« Overriding previous assignment of element properties

If you assign a data set to objects on which another data set has already been
assigned, the newly assigned set will replace the old one. Thus, one data set at
most is assigned to an element.

Because of this overriding behavior, it is more efficient to start assigning property sets from
larger regions and to proceed to smaller parts. For example, if most of a mesh has one
property and a remaining small part has another, assign one property set to the mesh as a
whole first and another set to the relevant elements.

« Representation of element property assignment

Elements assigned with element properties are drawn in red. The elements
assigned with the currently active data set are highlighted in dark red The
assignment is always represented by boundary lines of each element, regardless of
the rendering mode.

Mixing different structural types in one analysis

Different types of structures may be included in one analysis. For example, you
may model a 3-D solid structure in which 3-D truss members exist as shown
below. This can be achieved defining and assigning element property sets of
different analysis classes using the popup menu in “Property” dialog.

.ﬁ.{émmmmw‘ﬁ“ < 3Dtruss
T mN
NN
EE 3-D solid
L
-

< Example of a model with mixed structural types >

« Changing the analysis class of element

The popup menu in “Property” dialog has a few items representing analysis
classes. When the dialog appears for the first time , the popup menu is set to the
item of analysis class corresponding to the current analysis subjects. If you change
the item, all the dialog items are also altered accordingly. At the same time, the
assignable objects are changed, and the relevant object selection tool is
automatically activated.
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O =—Property =—"—=08H
[Assign] [ New ] [Delete] Popup menu for selecting
= the analysis class of element.
3 [F B
O Prop. color Plane / Surface
N b i

[ Solid 4 Ll

linerar = et
Interface
5lip Bar
Embedded Bar
Heat

« Applicable analysis classes of element

In VisualFEA, not all types of structures can be mixed with each other. There are
applicable types for a given analysis subject. In the popup menu shown above,
only the items of applicable analysis classes are enabled. Listed in the following
table are the structural types which can be included for given analysis subjects.

< Structural types applicable for a given analysis subject >

applicable structural types
analysis subject

structural type analysis class of element
plane stress/strain 2-D truss truss
axisymmetric 2-D frame frame

interface interface

slip bar slip bar

embedded bar embedded bar
3-D solid structure |  2-D truss truss

2-D frame frame

shell plane/surface

slip bar slip bar
2-D rigid frame 2-D truss truss
3-D rigid frame 3-D truss truss
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Using interface elements

Interface elements are used in modeling the behavior of gaps with negligible
width. They cannot be used alone, but may be included in plane stress, plane
strain or axisymmetric problems. (The current version of VisualFEA supports only
2 dimensional interface elements.)

= Characteristics of interface elements

Interface elements fill the gap separating two adjacent surfaces. They connect the
nodes on the boundaries of both surfaces. VisualFEA supports only 4 node
interface elements. The structural behavior of the gap can be controlled by the
stiffness of the interface elements in width and length directions. These stiffness
are determined by the moduli of elasticity in both directions, and the gap width of
the elements. A pair of nodes facing with each other are separated by as much as
the specified gap width. Assigning zero or very small value of gap width or large
modulus of elasticity in width direction will restrain the relative movement in
width direction, of the pair of nodes. On the other hand, the modulus of elasticity
in length direction controls the relative movement in length direction. So, you may
model the desired behavior of the gap, or relative movement of the contacting
surfaces by assigning appropriate values to the properties of interface elements.

surface 1

interface

elements
Eg
B g&" B
nl
gap width

base curve

surface 2 Before generating interface elements  After generating interface elements

< Characteristics of interface elements >

« Creating interface elements

Interface elements are created somewhat differently from other structural types of
elements. They are not created by mesh generation or curve input, but by
assignment of element properties as explained below.

1) Choose “Interface” item from the popup menu in “Property” dialog.
The data items in “Property” dialog are altered.

2) Enter the value for each data item.
The interface element can be made to represent specific behavior by entering
appropriate values for the data items.
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= modulus of elasticity in length direction (E|): The Young’s modulus of
elasticity in the direction parallel to the length of the interface elements.
= modulus of elasticity in gap width direction (Eg): The Young’s modulus of
elasticity in the direction normal to the length of the interface elements.
= gap width (gap): The width of interface of elements. This value should be
small as compared with the dimension of the whole structure.
= thickness (t): This item is applicable only for plane stress problems. Usually,
this value is set as identical to the thickness of the main structure in which
the interface elements are embedded.
3) Select one or more base curves to assign interface elements.
The selected base curves are to be used as the basis of the interface elements.
Therefore, they should be serially connected, and completely embedded
within the main structure.
4) Click button in the dialog.
Interface elements are created on the selected curves. The active set of
element properties are assigned to the newly created elements.

When interface elements are created, the basis curves together with the nodes on
them are duplicated. The interface elements are composed of the nodes on the new
and existing base curves.

interface elements

-+ plane strain elements

Before deformation After deformation

< Example of a plane strain case with interface elements >
« Deleting interface elements

Interface elements can be deleted only by deleting the set of element property
assigned to them. The meshes are restored to the state before creating interface
elements. That is, the surface meshes separated by the interface elements are
joined again.
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Using slip bars

Slip bar elements are used in modeling bars, cables, rods or other reinforcement in
planar or 3-D solid structures. For example, tendons within prestressed concrete
beams can be best modeled by using slip bars. Slip bars cannot be used alone, but
may be included in plane stress, plane strain, axisymmetric, or 3-D solid structures.

« Characteristics of slip bar elements

Slip bars are objects embedded within, but independent from, a body of planar or
3-D solid. There can be bonding effects between the slip bar and the main body.
These behaviors are modeled by using slip bar elements, which are a kind of truss
elements combined with bonding effects. Conceptually, nodes on slip bar are
surrounded by the nodes paired within the main body. Numerically, a pair of
nodes, one in the slip bar and the other in the main body, are independent from
each other, but share identical coordinates.

A pair of nodes are allowed to slip against each other in the direction along the slip
bar element. But they are forced to move together in its normal direction. The
bonding effect between the slip bar and the main body is represented by the
stiffness against the slip of paired nodes.
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nodes on the slip bar

Each pair of nodes have
identical coordniates

< Concept of slip bar elements >

« Creating slip bar elements

Slip bar elements are created somewhat differently from other structural types of
elements, but similar to interface elements. They are not created by mesh
generation or curve input, but by assignment of element properties as explained
below.

1) Choose “Slip Bar” item from the popup menu in “Property” dialog.
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The data items in “Property” dialog are altered. A property set of slip bar
element is always accompanied by an annexed property set. The annexed set
has the attributes for truss elements representing truss behavior of the slip
bar. This annexed set can be modified but cannot be assigned independently.
2) Enter the value for each data item.
The slip bar element can be made to represent specific behavior by entering
appropriate values for the data items.
= modulus of elasticity of the slip bar (Epgy): The Young’s modulus of
elasticity of the slip bar elements.
= modulus of elasticity representing (Epgng): The Young’s modulus of
elasticity representing the bonding effect between the bar and the solid.
= section area (A): The section area of the bar.
3) Select one or more curves to assign slip bar elements.
The selected curves are to be used as the basis of the slip bar elements.
Therefore, they should be serially connected, and completely slip within the
main body.
4) Click button in the dialog.
Slip bar elements are created on the selected curves. The active set of element
properties are assigned to the newly created elements.

| -

B -

-« # . i

Without prestressing With prestressing
< Example of modeling a prestressed beam using slip bar elements >
« Deleting slip bar elements

Slip bar elements can be deleted only by deleting the set of element property
assigned to them. When a property set for slip bar is deleted, its annexed set is
also removed.
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Using embedded bars

Similarly to slip bars, embedded bars are also used in modeling stiffening material
embedded within planar or 3-D solid structures. Embedded bars are more
convenient and flexible to use than the slip bars, because they can be arbitrarily
placed within continuum. Embedded bars cannot be used alone, but may be
included in plane stress, plane strain, axisymmetric, or 3-D solid structures.

= Characteristics of embedded bar elements

Embedded bars and slip bars are similar in their usage as stiffening line segments
embedded within continuum, but different in their characteristics and in their
modeling method. A slip bar is an element which has nodes and its own
displacement field, while an embedded bar is not an independent element but a
stiffening segment embedded within continuum elements. Thus, an embedded bar
has neither independent displacement field nor nodes. Its displacements are
defined only through the deformation of the surrounding elements. The stiffness
of the embedded bars are directly added to the surrounding elements. The strains
of embedded bars are computed from the displacements of the surrounding
elements.

An embedded bar can pass through a number of elements without restriction in
the position or in the direction of its path. Embedded bars may be placed freely
within continuum without involving nodal connectivity conditions as shown in the
figures of this and the next pages. So, embedded bars can be employed
conveniently in modeling complex reinforcement within continuums, especially in
combination with unstructured meshes.

2-D Mesh

M

< An example of embedded bars placed within a 2-D unstructured mesh >
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« Creating embedded bars

Any straight line can be defined as an embedded bar by assignment of element
properties as explained below.

1)

2)

3)

4)

Create straight lines using the line tool .

Many embedded bars with a certain regular arrangement may be created
efficiently by using duplication of curves. The figure at the bottom of this
page shows an example of thousands of embedded bars created mostly by
"Duplicate and Move" and "Duplicate and Revolve". Refer to "Duplicating
curves and surface primitives" section of Chapter 3.

Start property assignment procedure.

Choose “Element Property” item from [Assign| menu.

Choose “Embedded Bar” item from the popup menu in “Property” dialog.

The data items in “Property” dialog are altered to the items of embedded
bars.

Enter the value for each data item.

The data items are related to the axial stiffness of the embedded bar. Itis
assumed that the section area of the embedded bar is subtracted from the
embedding elements. Let Ag and Eg be the section area and the elastic

Thousands of rock bolts in tunnel linings are modeled by embedded bars.

The mesh of this part is hidden.

< An example of embedded bars in a 3-D solid model >
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modulus of the embedded bar, and Eg be the elastic modulus of the
embedding element. Then, the stiffness contribution of the embedding bar is

k=A(E-E)

5) Select one or more lines to assign embedded bar properties.

6) Click button in the dialog.
The selected curves turn into embedded bars only when the surrounding

continuum elements are assigned with element properties as illustrated by the
figure below. The intersections of embedded bars and element edges are
marked by small circles.

The mesh of this part is assigned  The mesh of this part is not assigned
with element properties. with element properties.

Before assignment
of embedded bar properties

SN
W7

All these lines are selected for assignment of embedded bar properties.

After assignment \\
of embedded bar properties

Embedded bars are created only in the part assigned with element properties.

< Creation of embedded bars>
« Deleting embedded bar

The embedded bar properties are removed by deleting the embedded bar property
set, or by clearing the assigned property set. The line segments remain undeleted,
although the property assignment is removed.
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Color coding of property sets

Property sets can be coded by colors. If the property color mode is turned on,
assignment of property set to each part of the model is distinguished by the color
used for rendering the part either in wireframe or in shaded image. Any parts
without property assignment are rendered in gray. The default color codes are
predefined for the first 16 property sets. The color of each set can be altered using
the color palette functions of the corresponding operating system.

« Turning on the property color mode

The property color mode is turned on by checking the "Prop. color" box of
"Property" dialog. The color box filled with the color of the current property set
and "Palette" button appear on the dialog when the property color mode is turned
on.

O =—PFProperty =—"=8H [0 = Property =——"=H
[Assign] [ New ] [Delete] [Assign] [ New ] [Delete]
S R e BT
/ﬂ Prop. color » || B Prop.color
[ Solid B [ Solid =]
Check this box to turn on the color of the property set  Click this button to
the property color mode. change the color

« Changing or setting the property color

Click @] button to change the property color. Then, the color palette dialog
appears on the screen. The default color for the first 16 sets are shown in the
palette.(Windows only) You may change the default color, or set a new color code
for the property sets beyond the first 16 sets.

It should be noted that gray is the reserved color for rendering the part without
property assignment, and cannot be used as a property set color.
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Heat Conduction and Seepage Properties

The element properties for heat conduction or seepage analysis are defined and
assigned in the similar way as that of structural analysis. The related actions are
initiated by "Heat Property" (or "Seepage Property") item of menu.

Heat conduction properties

If the analysis subject is defined as a heat conduction problem, "Heat
Property" item appears in [Assign] menu and is enabled. Choose the item in
order to start assigning heat conduction properties. “Property” dialog

Heat Boundary
Load Condition
Load Combination
Dyvnamic Motion
Member loint
Sequential Stage

appears, and the current state of their assignment are displayed in the main
window.

Check
Clear
Condense Set

Show Current 5et Only

0 == rProperty ——"—=g [0 = Property =—"="=H
%B [Assign] [ New | [Delete] [Assign] [ New | [Delete]|
- [#]
eI N T INNE ST
O Prop. color O Prop. color
[Heat B [ Heat 2]
Linear = Linear -
Isotropic O Isotropic
E()rthutrupic /9 Orthotropic
1.2
K 1 H
defined as isotropic defined as orthotropic ] 0.5

thermal conductivity coefficient
in all directions

thermal conductivity
coefficients

« Defining heat conduction properties

Heat conduction properties include the thermal conductivity coefficients in X and
Y directions for 2-D heat conduction problems, and X, Y and Z directions for 3-D
heat conduction problems. If the conductivity is isotropic, click "Isotropic" button
in the dialog. Then, the dialog shows only one editable text item "K". If the
conductivity is orthotropic, click "Orthotropic" button. Then, the dialog shows the
editable text item of the thermal conductivity coefficient for each of the coordinate
axis directions. Inserting the value(s) in the editable text box(es) complete the
defining of heat conduction properties.

« Assigning heat conduction properties

Heat conduction properties can be assigned only to surface meshes in the case of
plane and axisymmetric heat conduction problems, and only to volume meshes in
the case of 3-D heat conduction problems.



Seepage properties

Assign

Seepage Property
Structural Boundary
Seepage Boundary
Load Condition

Load Combination
[vnamic Motion
Member Joint
Sequential 5tage

Check B
Clear

Condense Set

Show Current 5et Only

Chapter 5

« Defining seepage properties

Data Assignment

5-27

If the analysis subject is defined as a seepage problem, "Seepage Property"
item appears in [4ssign] menu and is enabled. Choose the item in order to
start assigning seepage properties. “Property” dialog appears, and the
current state of their assignment are displayed in the main window.

Seepage properties include the hydraulic conductivity coefficients in X and
Y directions for 2-D seepage problems, and in X, Y and Z directions for 3-D
seepage problems. The conductivity can be represented by one value for
isotropic material as shown in the figure below. Check "Isotropic” radio

button to input the conductivity coefficients as isotropic material.

0 == "rroperty =—=08H

[Assign] [ New ] [Delete]

o)C

)

O Prop. color

[Seepage

2]

O Conductivity Fum:.
O water Content F.

f Isutru%ic t ) Orthotropic

Edit

defined as isotropic

defined as orthotropic

thermal conductivity coefficient

in all directions

O Property =<8
[Assign] [ New ] [Delete]

D

O Prop. color
[Seepage i]

[ Conductivity Func. Editi
[ water Content F. Edit!

to define the conductivity of soil
with negative pore pressure

to define the water content

}) Isotropic @ Orthotropic
K

[N =

Yy
Kz 1.5

thermal conductivity
coefficients

function

Seepage properties include conductivity functions for unconfined seepage analysis.
The conductivity function defines the ratio of the reduced conductivity to the full
conductivity as a function of pore pressure.

» Defining hydraulic conductivity functions

A conductivity function is associated with each one of the seepage property sets.
Click [Edit button in the "Property" dialog to input a conductivity function for the
current property set. Then, "Hydraulic Conductivity Function" dialog appears on
the screen. The conductivity function can be defined either by equation or by table
using this dialog as described below.
1) Click [Edit button of "Property" dialog to open "Hydraulic Conductivity
Function" dialog.

The dialog opens with default settings. The dialog consists of 2 parts as
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shown in the figure below. The first part is used to define the hydraulic
conductivity function by an equation, and the other part to define the function
in tabular form.

Hydraulic Conductivity Function

@ Defined by eguation Turn on this botton to define
1 a= 1 conductivity by the equation.

_l+c:s|P|fl n=

o = conductivity factar
@ = Gardner coefficient
F=regative pore pressure

[y

M

Turn on this botton to define
(@ Defined by table conductivity by the table.

PFare Conductivity

No. Pressure Factor

O [
= to add or insert a new row in the table.
- to delete the selected row in the table.

| 0 | Add ] [ DE|EtE/|/ to read the table saved as a text file.

l
[ SavF__H_I\mMi |— to save the table as a text file.
[ Cancel ] [ 0.K. ]|

to display or edit the conductitity function in graphic mode.

[ Graph ]

Turn on "Define by equation” radio button to define the conductivity function
by an equation.
The hydraulic conductivity factor ¢ is computed as a function of negative pore
pressure P by the equation,

1

“T1=ap"
where a is the Gardner coefficient and n is a power factor.
The conductivity factor implies the ratio of the reduced conductivity in
negative pore pressure region to the full conductivity.
Insert the Gardener coefficient a, and power factor n.
The value of a is normally assumed between 0.001 and 0.1, and the value of n
between 2 and 4.
Turn on "Define by table" radio button to define the conductivity function in
tabular form.
The hydraulic conductivity is defined by the tabulated relation between the
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pore pressure and the conductivity factor. The conductivity factor is
computed by linear interpolation of the given pore pressures and the

conductivity factors.

@ Defined by table

Pore Conductivity
No. Pressure Factor
1 -1 0.5
2 =2 0.2
3 =3 0.1
4 =10 0.05
5 -2 T
0.01 | (_add__][ pelete |

[ Save ][ Impnrt]

[ Graph ] [ Cancel ” 0.K. Il

5) Click button to add a new row in the table, and button

remove a row.

The buttons are enabled when "Defined by table" radio button is turned on.
After creating a new row, insert the values of the row using the editable text

box.

6) Click button to complete defining the conductivity function.
The "Hydraulic Conductivity Function" dialog closes, and the conductivity
function is added to the current seepage property set. The check box of
"Conductivity Func." item of the "Property" dialog is marked to indicate that
the hydraulic function of the property set is defined.

« Assigning seepage properties

In order to assign seepage properties, first select the object to assign, and click
button of the "Property" dialog. Seepage properties can be assigned only to
surface meshes in the case of plane and axisymmetric seepage problems, and only
to volume meshes in the case of 3-D seepage problems.
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Structural Boundary Conditions

Structural Property
Heat Property

Heat Boundary
Load Condition
Load Combination
Dyvnamic Motion
Member loint
Sequential Stage

Check ®E
Clear

Condense Set

Show Current 5et Only

Structural boundary conditions specify the way a structure is supported.
The data items of the structural boundary condition are related to the
constraining status of nodes at the boundaries. The status is defined for
each nodal d.o.f., and is one of the following four.

= free: free to move. In other words, no constraint is imposed.

= free with spring constant : partially constrained state like hinges with
friction, elastic supports, etc. The degrees of constraint are represented
by spring constants.

= fixed: No movement is allowed. The 0 displacement is prescribed.

= fixed with prescribed displacements : initial displacement, settlements,
etc. The displacement is forced to be the prescribed value.

In order to start assigning structural boundary conditions, choose “Structural
Boundary” item in |assign] menu. “Struct Boundary” dialog appears, and current
state of their assignment are displayed in the main window.

|
[Assign] [ New ] [Delete]

Check Prescribed
Restraint Displace.
N

0

Boundary =—c—=H

content of editable text items

fixity of
each nodal d.o.f:

prescribed displacements

\
or spring constants

ce dd
The boundary condition is . - I1  options of handling
defined in local coordinates Ll Local directions overlaid data sets
if this box is checked.

letters representing
nodal d.o.f.

Defining structural boundary conditions

You must first create and define sets of boundary conditions before assigning them
on the structural boundaries. All the data items of the active set are displayed on
”Struct Boundary” dialog and can be entered or modified using the dialog.

« Nodal degrees of freedom

The boundary condition dictates the state of each nodal degree of freedom. The
nodal d.o.f. differ depending on the subject of analysis. If more than one structural
type is involved in the analysis, the items are extended to hold all associated
structural types.
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2-D truss 3-D truss 2-D rigid frare 3-D rigid frare
b4 Ay b Ay kA &n BT Ay
M Ay & Ay b &y & ay
M Az &4 8z bF &z
bF By
b4 8y
b4 Bz
plane stress
g‘i?ne Stmirrl-ic platebending shell 3-D solid
M An M Az B4 Ay B ay
& Ay & By & Ay & ay
M By b Az b az
bF By
b4 8y

< Nodal d.o.f for various analysis subjects >

« Data items of structural boundary condition

A structural boundary condition set has a few data items. They consist of nodal
fixity, initial displacements or spring constants defined for each d.o.f.
- fixity: the state of nodal constraint. Either “free” or “fixed” condition is
specified for each nodal d.o.f., and indicated in the check boxes of the dialog.
If a box is checked, the corresponding d.o.f. is fixed.
= prescribed displacement: nodal displacements given prior to solving the
problem. Nodal displacements can be specified only for fixed d.o.f.
= spring constant: This value represents the degree of partial constraint. The
spring constants can be specified only for free d.o.f.

The following figure shows examples of applying prescribed displacements and

spring constants.
prescribed displacement

i

< Nodal d.o.f for various analysis subjects >

« Entering data items of boundary conditions

The fixity of each nodal d.o.f. is entered by clicking the check box in front of the
symbol indicating the respective d.o.f. The prescribed displacements and the
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spring constants are entered within the corresponding text boxes. As shown
below, not all the text boxes are displayed. Some of them are hidden. Displayed
items are related to the heading of the text items. There are 3 headings:

- “Prescribed Displace.”: This heading indicates that only text items for
prescribed displacements are shown. Because displacements can be
prescribed only for fixed d.o.f., the text items of fixed d.o.f. are displayed.

= “Spring Constant”: This heading indicates that only text items for spring
constants are shown. Because spring constants can be applied only for free
d.o.f,, the text items of free d.o.f. are displayed.

- “Mixed Values”: This heading indicates that text items for spring constants
as well as for prescribed displacement are shown. Thus, all text items are
displayed.

The heading is initially set as “Prescribed Displace.” You may scroll through the
above three headings by clicking any point over the heading. But, only applicable
ones will be scrolled. For example, if non-zero values are entered in prescribed
displacements, “Spring Constant” will be skipped.

Click here to scroll the heading.
Check Prescribed indicates that the prescribed
Restraint-Displace. displacements are entered in the
following text boxes.

b &y
| Enter the prescribed

"

These checked d.o.f. are fixed. b &y |n.006 ] displacements in these boxes.
O Az Leave 0 for no displacement.
These unchecked d.o.f. are free. O 08y
(4 Ay
Check pring indicates that the spring constants
Restraint\Constant are entered in the following text
boxes.
bA Ay
M Ay . .
Enter the spring constants in
U 4z | 25000 these boxes.
O oy [0 > Leave 0 for no spring constant,
& 8y i.e., for completely free d.o.f.
Check ined indicates that either prescribed
Restraint\Ualues displacements or spring constants
are entered depending on the fixit
b4 Ay (0 of the corresponding d.o.f.
M Ay [0.006
O az (25000
O 8y |o
M 8y |o

< Headings of editable text items >
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« Defining boundary conditions in local coordinates

The structural boundary conditions can be defined in either in global coordinates
or in local coordinates. The local coordinates are based on the axis of a structural
member, the tangent direction of a surface edge, or the normal to a surface. Check
"Local direction" box of "Struct Boundary" dialog in order to use local coordinates
for a boundary condition set. At the moment, the "Local direction" is checked, the
d.o.f. labels are altered as shown in the figure below.

2-D truss
plane stress
plane strain 3-D truss
axisymmetric 3-D solid 2-D frame
B Ay B Ao B LY A
M &L i AL a1
o a, M8
Ay
3-D frame shell plate Ay
A
o b Ay local coordiates 8
| A,,u () q,y not defined =4
M A, b AL By
M 8, ) By g,
& 8, & 8,
M 8,

translation in the axial direction

translation in the direction normal to
axis (truss/ frame) or to surface (shell)

translation in the local x direction(she
translation in the local y direction

translation in the local z direction

axial rotation (shell)
rotation about the local y axis(shell)

rotation about the local z axis(shell)

< Boundary constraints in local coordinates >

Use of local coordinates may be most appropriate for roller support and spring
boundary condition which are illustrated in the figure below. The prescribed
displacements and the spring constants are entered for the local coordinates in the
same way as for the global coordinates.

roller support defined in local coordinate

O As

R r—

< Examples of boundary conditions defined in local coordinates >

prescribed
displacement

O A
O 4.

spring support defined in local coordinate o
100000 —— spring constant
0
0

oe
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In most cases, only the axial direction or the normal direction is concerned with the
boundary conditions in local coordinates. The axial and normal directions at every
node is determined in association with the object to which the boundary condition
is assigned.

- curve: In the case the boundary condition is assigned to a curve, the axial

(/7) direction is defined as tangent to the curve at every node on the curve.
For planar models, the normal (*) direction is uniquely determined from the
axial direction. For 3-D models, the 2 normal (/y and /z) directions are
determined by vector operations of the unit axial vector, t and the unit
vector in the global Z direction, k .

v, =kt
V,=t" v,
where \7y and V, represent unit vectors in the local y and z directions

respectively.

surface mesh: In the case the boundary condition is assigned to a surface
mesh, the normal direction (*) is first determined at every node on the
surface mesh. And the 2 other (/x and /y) directions are determined by

vector operations of the unit normal vector fj and the unit vector in the
global Y direction, I .

v,=] i
v, =n" Y,

where V, and \7y represent unit vectors in the local x and y directions

respectively.

node: If the node belongs to only one curve or only one surface mesh, the
normal or the axial direction is determined by the curve and the surface.
But, if the node shared by multiple curves or by multiple surfaces, then the
program asks to choose the curve or the surface mesh to be used as the basis
for determining the local directions.

O =—H
) Set the tangent curve.
@ Setthe tangent surface mesh. This item is dimmed in the case of a frame,

or a planar problem.

Tangent Ohject

First, choose one of the two ratio buttons, "Set the tangent curve", or "Set the
tangent surface mesh. (For a frame or a planar problem, the second button is
dimmed, and the first button is turned on.) And select the curve or the
surface mesh for the basis of the local directions. Then, button
becomes active. Click the button to assign the boundary condition in local
coordinates.
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Assigning structural boundary conditions

The structural boundary conditions are assigned to objects as a set. The currently
active set is assigned to selected objects by clicking button of the dialog. It
is assumed that all the nodes are initially free. That is, none of the nodal d.o.f. are
constrained fully or partially at the beginning. Assigning a boundary condition set
is equivalent to modifying the unconstrained state of each nodal d.o.f. Thus, the
boundary condition sets are assighed only to the nodes, one or more d.o.f of
which are fixed or free with spring constant. It is meaningless to define or assign
a boundary condition set with all d.o.f. free. If you define such a set and assign it
to the selected objects, the assignment is ignored.

« Selecting objects to assign structural boundary conditions

Structural boundary conditions may be assigned to nodes, curves and surface
meshes. However, the data sets are eventually assigned to nodes within the
objects. For example, assigning a boundary condition set to a surface mesh is
equivalent to assigning the set to all nodes within the surface mesh.

For a 3 dimensional solid, boundary conditions are usually assigned only to the
outer surfaces, or to nodes on these surfaces. Therefore, it is sometime necessary to
prevent assigning boundary conditions to nodes inside the volume inadvertently.
This can be done by checking “Shut Invisible Nodes” item in [T menu so that
the inside nodes become unselectable.

» Replacing or adding previous assignment

When a new structural boundary condition set is assigned to a node with
previously assigned boundary conditions, the old set will be either replaced by or
added to the new one, depending on the mode of overlaying data sets.

In “Struct Boundary” dialog, there are two radio buttons, “Replace” and “Add”. If
“Replace” button is on, the old assignment is replaced by the new assignment. The
text data items are also replaced by the corresponding values of the new set.

If “Add” button is on, the resulting assignment is the union of the old and the new
assignments. The state of a d.o.f. is determined by bit ORing with ‘0’ for free d.o.f.
and ‘1’ for fixed d.o.f. If the editable text data of both old and new sets are of same
kind( both prescribed displacements or both spring constants), the item is filled
with the one whose absolute value is larger.

If there exists a boundary condition set identical to the one resulting from the bit
ORing, that set is assigned to the node with the overlaid boundary conditions.
Otherwise, a new set is created.
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The boundary condition set 3 is
applied to this curve next

Boundary condition set 1 is with “Replace” button on with “ Add” button on.
applied to this curve first.

b4 Ay |0 4 Ay |0
O ay b4 Ay |-0.006 M Ay [-0.006
O Ay O az O az
o Az [ ey O ey

3 o, @oyp ] @e[a ]
=R r—

@ Replace ) Add () Replace @& Add
I 1
} }
Set 1 is replaced by set 2. Set 3 is created and assigned
b & M a
Boundary condition set 1 and # 10 # 0
set 2 are overlaid on this node. 4 ay |-0.006 4 Ay |-p.006
O az M Az |p.002
O By O By
gofg ] HEelg ]

< Example of overlaying boundary conditions >

« Representation of boundary condition assignment

Nodal assignment of structural boundary conditions is represented by icon,
number or rectangle marked at the node. Choose the desired option of marking
the boundary conditions from [EESPI menu. The item of the currently applied
option is checked as shown below. The icon option is available only for 2-D

modeling.

Structural Property

Heat Property
» Structural Boundary

He gt Bguee—

Show wurrent Set Only

Mark by Rectangle ——  Mark the boundary condition by rectangle

Mark by Number — Mark the boundary condition by number
+ Markby lcon ——|— Mark the boundary condition by icon

Enlarge — | Enlarge the size of the icon

Reduce —}— Reduce the size of the icon
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Mark by rectangle

Mark by number
) Mark by icon
fixed end roller support pin support

<Options of representing boundary conditions>

If a boundary condition set is assigned to curves or surfaces, the individual nodes
on the curves or surfaces are marked. The nodes assigned with the currently active
data set are highlighted in dark red, and the nodes with other sets are marked in
bright red. The boundary conditions are displayed only when*“Struct Boundary”
dialog is on the screen. Check "Show Str. Boundary" item of [T menu to make
the boundary conditions displayed even when “Struct Boundary” dialog is not on.

The size of the icon representing the boundary conditions can be enlarged or
reduced by using "Enlarge" or "Reduce"” item of I[ESIUl menu.
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Heat Conduction and Seepage Boundary conditions

A menu item of IS menu is displayed in one of the two texts"Heat
Boundary" and "Seepage Boundary", depending on whether the analysis subject of
the project is heat conduction analysis or seepage analysis.

The boundary conditions in heat conduction and seepage analysis can be defined
and assigned by choosing the menu item.

Heat conduction boundary conditions are relevant only for heat conduction
analysis. Accordingly, “Heat Boundary” item in the menu is enabled only when
the analysis subject is set as one of the "Heat Analysis" item in”Problem Setup”
dialog. Likewise, seepage boundary conditions are relevant only for seepage
analysis. The text of the menu item displayed as "Seepage Boundary" when the
analysis subject is set as one of the "Seepage Analysis" item.

Defining heat conduction boundary conditions

You must first create and define sets of heat conduction boundary conditions
before assigning them on the heat conduction model.

Structural Property
Heat Property
Structural Boundary
Load Condition
Load Combination
vnamic Motion
Member Joint
Sequential 5tage

Check B
Clear

Condense Set

Show Current 5et Only

[0 == Heat Boundary =—= 5

[Assign] [ New ] [Delete]

=M g

data type popup menu

Temperature
[ Convection F] Convection
Heat Flux
h (01 Point Source -
Tee |20

[ specified temperature

[— convection boundary condition

[ specified heat flux
[~ heat source or sink at a point

editable text items

« Types of heat conduction boundary condition

There are a few different types of heat conduction boundary conditions as follows:

= temperature; A temperature is specified for various objects such as nodes,
curves and surfaces.

« convection: The convection coefficient and the ambient temperature are
assigned to an edge curve or a boundary surface .

= heat flux: The heat flux through a curve or a face is specified.

= point source: A node is defined as a heat source. Heat source is more
analogous to load condition of structural analysis, and may be treated as
such. In VisualFEA, however, heat source is treated as a kind of boundary
condition.
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The type of heat conduction boundary condition is chosen using the popup menu
in “Heat Boundary” dialog. The editable text items are altered subsequent to
selection of the popup menu.

= Editable text items

Each type of heat conduction boundary conditions has different editable text items
as shown in the following table. The boundary conditions are defined by entering
the numerical values into these editable text items. Centigrade, Fahrenheit, or any
other unit may be employed, but should be used consistently for all items.

< Editable text items of heat boundary condition>

Editable Text Items Assignable Object Types

Temperature distribution can be
specified at nodes, along curves(of
2-D plane and axisymmetric), or on
surface meshes(of 3-D volume).

[ Temperature i]

T Temperature in degree centigrade,

Fahrenheit, or any other unit

Fi Rl

[ Convection i] Convection boundary condition
can be assigned to curves ( of 2-D
h 0.5 —— Convection coefficient plane or axisymmetric) or to
Tea | 129 - Ambient temperature surface meshes ( of 3-D volume).
[ Heat Flux i] Heat flux can be assigned to curves

( of 2-D plane or axisymmetric) or
to surface meshes ( of 3-D volume).

q Heat flux per unit length or area

7| Elk

Point source can be assigned

| PointSource 2] only to nodes

1] Amount of heat generation

Assigning heat conduction boundary conditions

After defining a heat conduction boundary condition as a set, you can assign the
set to the selected objects by clicking button of the dialog. You can scroll
the heat conduction boundary condition sets, and make any of them the currently
active set, which is always applied for assignment.

« Selecting objects to assign heat conduction boundary conditions

The assignable object types are determined by the type of boundary conditions, as
shown in the previous table. Whenever the popup menu item in the dialog is
altered, some selection tools are enabled and others disabled accordingly. You can
switch to one of the enabled selection tools, and assign the currently active
boundary condition to the objects of the relevant type.
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« Replacing previous assignment

An object can be assigned with only one heat boundary condition set. If you assign
a new set to the object which has already been assigned with other set, the old set
will be replaced by the new one.

But, it should be noted that one object may encompasses other objects of different
type, and accordingly multiple sets may actually be assigned to a single object. For
example, a temperature may be specified along a curve, while the other
temperature is assigned to a node which is on the same curve. Thus, the node is
assigned with two condition sets which are in conflict. In this case, the nodal
assignment overrides other assignments such that the temperature of the curve is
not applied to that node. In general, if one object encompasses the other object,
and both objects are assigned with two different heat boundary condition sets, the
assignment on the encompassed object always overrides the other assignment.

« Representation of heat conduction boundary condition assignment

The objects assigned with heat conduction boundary conditions are distinguished
from others by small square marks or by color. The nodes assigned with the
current set are marked by dark red squares. The nodes assigned with other than
the current set are marked by bright red squares. The curves, surface meshes, or
volume meshes assigned with the current set are drawn in dark red color, and
those assigned with other than the current set are drawn in bright red color.
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Seepage boundary conditions

If the analysis subject is set as either "2-D Seepage”, "Axisymmetric Seepage”, or "3-
D Seepage", the text of the menu item "Heat Boundary" changes to "Seepage

Boundary".

Selection of the menu item pops up the "Seepage Boundary" dialog.

Seepage boundary conditions can be defined and assigned, while the dialog is on
the screen,

Structural Property
Seepage Property
Structural Boundary
Load Condition
Load Combination
vnamic Motion
Member Joint
Sequential 5tage

Check
Clear
Condense Set
Show Current 5et Only

*B

[ = seepage Boundary =B

[Assign] [ New ] [Delete]

[ 1 i] | HI | data type popup menu
Open Head —— free surface head (variable)
[ open Head =] Confined Head  —1— confined head (fixed)
H ICI Flu_x —1— seepage flux
Point Source —I— seepage source or sink at a poir
Initial Water Table—— initial water table

editable text items

« Types of seepage boundary condition

There are a few different types of seepage boundary conditions as described
below:
« open head: Open head is a type of boundary condition assigned to the

domain boundary curves or surfaces such as a upstream or a downstream
face of a dam. The boundaries assigned with open head include nodes
under and above the specified water head. The nodes under the specified
head are prescribed with the water head in the system equations. The nodes
above the specified head are so called "review nodes" subject to unknown
phreatic water face which are determined through iterative solution process.
The open head allocated review nodes automatically to the nodes above water level.
confined head: Confined head is a type of boundary condition prescribing
all the assigned nodes with the specified water head .

flux: seepage flow rate through unit area or length.

point source: flow supplied at a point.

initial water table: water table at the initial stage of transient seepage flow,
or water table initially assumed in the iterative solution process.

» Assigning open head boundary condition

Open head boundary conditions can be assigned using "Seepage Boundary" dialog by the
following procedures.

1) Set the popup menu (Windows: dropdown list) to "Open Head".



Chapter 5  Data Assignment

2) Insert the value of the water head in the editable text box with label "H".
The upstream water level H; and the downstream water level H, are the

values of the open water heads in the example below.
The water levels are measured from the datum to be specified in ""Analysis Option™

dialog. Refer to ""Setting analysis options for seepage analysis' section of Chapter 6.
3) Select the boundary curves or surfaces to be assigned with the open head..

Select curves for 2-D analysis and surfaces for 3-D analysis.
4) Assign the boundary condition to the selected objects by clicking

button of the dialog.

atum — Specify this value in “Seepage Analysis Option” dialog

Ho=D
> X

Assign “Open Head” H1 Assign “Open Head” H2
to this curve to this curve

<Example of open head boundary conditions>

« Assigning confined head boundary condition

As an alternative to the open head boundary condition in the above example, the nodes of
the upstream edge under the water level can be assigned with "Confined Head" Hq, because
the nodes of the upstream edge cannot form a phreatic water face above the upstream
water level. However, it should be noted that the confined head should assigned

only to the nodes under the upstream water level.
Assign “Open Head” H;

to this curve

Assign “Confined Head”
H; to these nodes.

<Example of a confined head boundary condition in unconfined seepage analysis>
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The above example is to show that a confined boundary condition may substitute an open
head boundary condition in some cases. But confined boundary conditions are commonly
used to prescribes the constant head at the selected nodes or nodes along the selected curve,
as shown in the example below. In the case of confined seepage analysis, only confined head
conditions are applied.

In order to assign confined head boundary conditions, set the popup menu(Windows:
dropdown list) to "Confined Head," and follow the similar procedure as that of open head
boundary condition.

%
Hi
= H2
Assign “Open Head” H1 Assign “Open Head” H2
to this curve to this curve

<Example of confined head conditions in confined seepage analysis>

« Assigning flux

Water supply or drain through the boundary surfaces is represented by the boundary
condition of flux. In order to assign fluxes, set the popup menu(Windows: dropdown list) to
"Flux". The value of the flux should represent volume of water per unit area per unit time.
The flux should be assigned to boundary curves in 2-D seepage analysis and to boundary
surfaces in 3-D seepage analysis.

« Assigning point source

Water supply or drain at a point is represented by the boundary condition of point source. In
order to assign point sources, set the popup menu(Windows: dropdown list) to "Point
Source". The value of the point source should represent volume of water per unittime. The
point source should be assigned to nodes.



5-44 Chapter 5 Data Assignment

« Defining the initial water table

In transient analysis, the initial water table should be defined as the phreatic surface at the
initial stage. But in steady state analysis, the initial water table can be considered as the
initially assumed phreatic water surface, and therefore, defining the initial water table may
not be essential. However, the assumption of the initial water table affects the computational
efficiency of the iterative solution process, and is essentially used in obtaining the overall
distribution of the negative pore water pressure above phreatic surface. The negative pore
water pressure above the initial water table is set to 0.

The initial water table can be defined by the following procedure.
1) Create a curve or a surface to be defined as the initial water table.

The initial water table is defined by one or more curves in 2-D seepage
analysis, and one or more surface meshes in 3-D seepage analysis. The curves
or surface meshes can be created as usual. If there already exist curves or
surface meshes that can be defined as the initial water table, this step can be
ignored.

2) Open "Seepage Boundary" dialog if it is not yet opened.

3) Set the popup menu (Windows: dropdown list) to "Initial Water Table".

4) Select the curves or the surface meshes to be defined as the initial water
table.

5) Click button of the dialog.

initial water table

<Example of initial water table>
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The load condition represents the state of various forces applied to the
objects in structural analysis.

their assignment is displayed in the main window.

[0 == Load Condition

B

[Assign] [ New ] [Delete]

DROE

d 0.5

e load drawing scale

e 116 14 1 4 16 64

[ Point Force i} load type popup menu

[}( Direction | load direction popup menu
P11

|— editable text items

Defining load condition sets

Heat Property

Structural Boundary In order to start assigning load conditions, choose “Load Condition” item in
Heat Boundary w e e -

Load Condition EEXTH menu. “Load Condition” dialog appears, and the current state of

Load conditions are defined and assigned by the data unit called a load condition
set. A load condition set is initially created by clicking [NEW| button of “Load
Condition” dialog. If a load set is already assigned, additional assignment of the
set, either to a single object or multiple objects, creates a new load set
automatically by duplicating the set. Loads applied to the assigned object(s) share
the new load set.

« Data items of a load condition

A set consists of many data items including the type, the direction, the magnitude,
and the position of a force. The actual data items vary depending on the type of
analysis.
= load type: A number of load types are included in the first popup menu of
“Load” dialog.
= load direction: The local directions such as normal and tangential, as well as
X, y and z directions in the global coordinates are provided in the second
popup menu of the dialog.
= editable text items: Magnitude, position, reference points and others are
inputted in the editable text items in the dialog. The editable text items
differ depending on the type of the objects.

« Load types
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O == Load Condition=8H
(Assign] [_New | Delete] Nodal Force —1 Concentrated force at a nodal point
a2 |“ | Point Force —1 Point force at a point of a frame member
= Uniformly Distributed —— Uniformly distributed force
bt a1 1 e Linearly Distributed — | Distributed force with linear varialion along a line
Parabolically Distributed—|- Distributed force with quadratic variation along a line
[ Point Force B Bilinearly Distributed ——1 Distributed force with bilinear variation on a surface
[ X Direction 2] Nodal Moment ——1 Moment at a nodal point
Point Moment ——+ Moment at a point of a frame member
P Uniform Moment ——1 Uniformly distributed momemt along an edge
/L 105 Body Force —— Body force_
Self-straining — 1 Self-straining force
Thermal Load ——+ Thermal load
Hydrostatic in X — Distributed force with hydrostatic variation in x dir.
Hydrostaticin ¥ — Distributed force with hydrostatic variation iny dir.
Hydrostaticin Z — | Distributed force with hydrostatic variation in z dir.
There are a number of different load types as shown in the the popup menu items.
Some of the menu items are enabled, while others are disabled depending on the

type of analysis. For example, “Point Force” item is available only for 2-D or 3-D
frames.

nodal force: Nodal forces are applied at nodes. When this item is chosen in
the popup menu, the node selection tool is automatically activated, so
that you may select nodes to which the force is applied.

point force: Point forces are applied at a point between nodes on a frame
member. This item is enabled only for 2-D and 3-D frame analysis. When
this item is chosen in the popup menu, the element selection tool is
automatically activated.

uniformly distributed: These are forces distributed uniformly over a curve or
a surface. In order to apply uniform forces, you must first activate the curve
selection tool , or the surface selection tool , unless one of the two
tools is already in action.

linearly distributed: These are distributed forces with linear variation along
a curve. When this item is chosen in the popup menu, the curve selection
tool is automatically activated.

parabolically distributed: These are distributed forces with quadratic
variation along a curve. When this item is chosen in the popup menu, the
curve selection tool is automatically activated.

bilinearly distributed: These distributed forces have bilinear variation on a
surface. The force intensity at a point is determined by bilinear interpolation
of the intensities at 4 corner points. When this item is chosen in the popup
menu, the curve selection tool is automatically activated.

nodal moment: This represents a moment or a couple applied at a node.
When this item is chosen in the popup menu, the node selection tool is
automatically activated.
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Load 2-D Frame and 2-D Elasticity Example | 2239 |55 Frame Example

Type Type
Nodal Point
Force Force
Uniform Nodal
Force Moment
Trapeziform Point
Force Moment
Parabolic Uniform
Force ] J Moment

AN A,
N vaviAYeY)

< Examples of load types >

point moment: This represents a moment or a couple applied at a point
between nodes on a frame member. This item is enabled only for 2-D and 3-
D frame analysis. When this item is chosen in the popup menu, the element
selection tool is automatically activated.

uniform moment: This represents a line moment applied uniformly on a
frame member or an edge of a surface.

body force: This is the force due to acceleration of mass. One example of
body force is the weight, or gravitational force of an object. Body force is
applicable to all types of objects except slip bar and embedded bar elements.
self-straining force: This is internally exerted force due to prestressing, lack
of fit, and so on. Self-straining force can be applied to frame members or
embedded bar elements.

thermal load: Thermal load implies the temperature variation or
temperature gradient which causes strains and stresses. The equivalent
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nodal forces are computed from the give temperature distribution. In a
coupled analysis of structure and heat conduction, the temperature
distribution is not specified by the thermal load but is given by the nodal
values computed from heat conduction analysis.

= hydrostatic in X: “Hydrostatic in X” implies linear variation in the X
direction. This is to represent forces distributed on an area with intensity
varying linearly in X direction and uniform in other directions.

= hydrostatic in Y: “Hydrostatic in Y” implies linear variation in the Y
direction. This is to represent forces distributed on an area with intensity
varying linearly in Y direction and uniform in other directions.

= hydrostatic in Z: “Hydrostatic in Z” implies linear variation in the Z
direction. This is to represent forces distributed on an area with intensity
varying linearly in Z direction and uniform in other directions.

« Load direction

The direction of forces may be specified either in X, Y, and Z axis of Cartesian
coordinates system or in local directions normal or tangential to curves or surfaces.

O B
[Assign] [ New ] [Delete]

3o &

SRR e e
14 116 114 1 4 16 64

Load Condition

[ Point Force i]

[ X Direction | X Direction —+— xdirection in Cartesian coordinates
¥ Direction —— y direction in Cartesian coordinates

P |1 Z Direction —+— z direction in Cartesian coordinates

diL 0.5 Normal to Curve -} Direction normal to a curve
Tangentto Curve 1 Direction tangential to a curve
Mormal to Surface 1—— Direction normal to a surface
surfTangent @X | Direction tangential to a surface and orthogonal to x axis
SurfTangent@¥ -1— Direction tangential to a surface and orthogonal to y axis
surfTangent @2 -} Direction tangential to a surface and orthogonal to z axis

= Xdirection: X direction in XYZ coordinate system.

= Y direction: Y direction in XYZ coordinate system.

= Zdirection: Z direction in XYZ coordinate system.

= normal to curve: Direction normal to the curve on which the force is acting.

= tangent to curve: Direction tangential to the curve on which the force is
acting.
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AN A

VAV VAVAAYAVA)

X Direction Normal to Curve Tangent to Curve

< Direction of a uniform load applied to a curve >

normal to surface: Direction normal to the surface on which the force is
acting.

tangent to surface and normal to X: The direction tangential to the surface
on which the force is acting, and normal to X direction. The direction
tangential to a surface is not unique. The direction is constrained to be
normal to X direction, so that it became unique.

tangent to surface and normal to Y: The direction tangential to the surface
on which the force is acting, and normal to Y direction.

tangent to surface and normal to Z: The direction tangential to the surface
on which the force is acting, and normal to Y direction.

no direction: This item is provided only for a thermal load which does not
have a direction. The load direction popup item automatically turns to this
item when the current load type is set as thermal load.
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Tangent to surface
and
normal to X axis

Tangent to surface
and
normal to Y axis

Tangent to surface
and
normal to Z axis

< Directions tangent to surface >

« Editable text items

The editable text items are different depending on the type of loads as shown in the
following figures. When the popup menu item of load type is selected,
corresponding editable text items appear on the dialog. The numerical values
related to a force are specified by these editable text items.

< Editable text items of load conditions >
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Editable Text Items

Assignable Object Types

2]
=]
P E force magnitude

[Nudal Force

[}{Directiun

Nodal forces can be assigned only to
nodal points. If “Nodal Force” is
chosen as the type of load to assign,
the node selection tool is
automatically activated.

[ Point Force i]
[ X Direction i]
P[40 ——— force magnitude
darL |07 1 force location by ratio

fa———L

p P
r——d f—>'

I ) ]
force location by ratio

10

.~ d—

force location by distance

Point forces can be assigned only to a
frame member. Therefore, this load
type option is enabled only for 2-D
or 3-D frames. Point forces can be
applied either to elements (frame
member) or to curves.

The force location can be specified
either by ratio(d/L) or by distance(d).

4
35

P
d
L force location by distance
Click here to toggle d/L and d.

[Uniformly Distributed 4 |

*)
w E force intensity per unit length or

[XDirectiun

Uniformly distributed forces can be

assigned to elements (except solid

elements), to curves or to surface

B

per unit area
[ Linearly Distributed

[ X Direction B
wy |0.8 — 1 force intensity at one end
wy (2.3 ——1— force intensity at the other end
w2
w1

meshes.
This type of force cannot be applied
to solid elements.

Linearly varying trapesiform forces
can be applied only to curves.
In order to assign linear varing
forces to surface meshes, use
“Hydrostatic in X”, “Hydrostatic in
Y” or “Hydrostatic in Z”

[ Parabolically Distributed | $ |

[ X Direction =]
w (1.0 ——— force intensity at one end
w; |25 —]1—— force intensity at mid point
w; 1.6 ——{—— force intensity at the other end
w2
wi w3

'

Quadratically varying parabolic
forces can be applied only to curves
or frame elements.

g

| Bilinearly Distributed

[ X Direction B
wy |2 — 1t [BAw: atcorner1
ws (3 | Aw; atcorner2
ws |2 —{ Bws atcorner 3
wy |1 —f—bAws atcomers

Bilinearly varying distributed forces
can be applied only to surface
meshes.

< Editable text items of load conditions (continued)>
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Editable Text Items

Assignable Object Types

[ Nodal Moment i]
| ZAxis 2]
M DI— magnitude of moment

Nodal moment can be applied to
nodes of frame members. Therefore
this popup menu item is enabled
only for frame analysis.

- -\:! .
__,_/f
[ Point Moment =)
[ Z Axis B
M [3.21 ——— magnitude of moment
an |07 | moment location by ratio

-« 10 L >
<— d/L —» < d a‘\
M <M
= )

PR

moment location by ratio  moment location by distance

—ea I

Click here to toggle d/L and d.

Point moments can be assigned only
to a frame member. Therefore, this
load type option is enabled only for 2
D or 3-D frames. Point moments can
be applied either to elements (frame
member) or to curves. The moment
location can be specified either by

ratio(d/L) or by distance(d).

3.21
28

force location by distance

[ Uniform Moment i]

[ Z Axis =)

il

-

Uniformly distributed moments can
be applied to frame elements or to

edges of a shell or a plate. Therefore,
this type of load is valid only for 2-D

M 321 moment intensity per unit length frame, 3-D frame, plate bending and
) shell models.
= = £ {-'— .
i /’_"‘\/_ \. 3 \l
pein G Sy il
S = M
Body forces can be assigned to
Body Force - elements, curves(for frames on_ly_),
[ v —] surface meshes(for planar elasticity,
[ X Direction i] plate and shell), and volume

The magnitude of body force is determined by the acceleratio
and the unit mass which is specified as an item of the elemer
property

Bk

meshes(for 3-D solid)

Fe=wWoa
body force™ o acceleration
unit mass
Thermal loads can be applied to
[ Thermal Load ij frame elements and curves. This
[ Tangent to Curve i] ;ygefof load is valid only for 2-D and
-D frame.
T | 245 —— average temperature
Tor |23 -—temperature gradient
T1
Tav| | t —thickness
\
T2 Tor
Tgr:th- T1

< Editable text items of load conditions (continued)>
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Editable Text Items Assignable Object Types

[ Self-straining i.l Self-straining forces can be applied

to elements and curves, which

[ Tangent to Curve i] should be members of truss or

frame structures, or embedded bars

P E magnitude of straining force within solids.

P

-

— = “Hydrostatic in X”,“Hydrostatic in
[ Hydrostaticinx 2 Y”, and “Hydrostatic in Z” can be

[ Normal to Curve i] applied to elements (surface

elements only), curves and surface

P1 |12 —— force intensity w at X=h. meshes.
Pz |25 —— force intensity w at X=h.

hy |-2 —— X coordinate at which w=P:

hy |41 —— X coordinate at which w=P;

| Hydrostaticin ¥

[ X Direction
P1 |-38 force intensity w at Y=h;
Pz |34 —— force intensity w at Y=h.
hy |21 —— Y coordinate at which w=P:
hpy |9.84 —— Y coordinate at which w=P;

[ HydrostaticinZ %]
[ SurfTangent @ X i]

P1 |53 force intensity w at Z=h,
Pz |[-1.5 force intensity w at Z=h:
hy |1.234 —1— Z coordinate at which w=P;
hz |0 —}— Z coordinate at which w=P:

“Hydrostatic in X”

T
P2
H L.

S
*hl*J [~ Object of

h2 assignment

y

X=0
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Defining load condition sets for dynamic analysis

For dynamic analysis, load conditions may or may not have time dependent
characteristics. Therefore, assignment of dynamic load conditions involves more
steps than that of static load conditions, as described below.

« Setting the time dependency
The dynamic load condition is classified further its time dependency as follows.

= static: static load condition independent of time.

< harmonic: time-dependent load condition with periodically changing
magnitude expressed by a sinusoidal equation.

= transient; time-dependent load condition represented in multiple time steps.

Thus, “Load Condition” dialog for dynamic analysis has radio buttons, "Static",
"Harmonic" and "Transient." Time dependency of a dynamic load is set by turning
on the corresponding radio button on "Load Condition" dialog.

=
[Assign] [ New ] [Delete]

C b g

T 11T 1111 T 1110
64 116 14 1 4 16 64

[0 == Load Condition

[Nudal Force
[}{Directiun i]

(OrStatic () Harmoni

|1 radio buttons to set

@ Transient dynamic load classification
T 7]
[Edit] _ El || _ additional items for
welo dynamic loads
|

P ]

As you alter the time dependency, you will notice the changing items below the
radio buttons. Time dependent attributes of dynamic loads are defined and
modified using these items.

» Defining static load for dynamic analysis

Static load condition is assumed to have constant magnitude, direction and
position throughout the whole duration of analysis, and can be defined and
assigned in the same way as for static analysis. "Static" radio button should be
turned on to start defining static loads.

« Defining harmonic load for dynamic analysis

A harmonic load has periodic characteristics with changing magnitude expressed
by the sinusoidal function sinm(t- to) . The intensity of the load acting at a
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specific time is obtained by multiplying the function by the constant load intensity
given at the bottom of the dialog.

[0 == Load Condition

=
[Assign] [ New ] [Delete]

012 [u &

64 116 14 1 4 16 6d

[Nndal Force
[}(Directiun i]

{7y Static  ® Harmonic

starting time _| O Transient
of application ]

ending time
[~ of application

"

sinw(t - t,) constant load

intensity

« Defining transient load for dynamic analysis

A transient load is defined by a series of values at a number of time steps, which
can be created and edited by the following steps.

1) Turn on “Transient” radio button in “Load Condition” dialog.
Then, items below the radio buttons take on the appearance shown below.
They include the current step number and the current time. The current time
step can be edited by directly changing the number in the box, or by scrolling
the number.

[0 == Load Condition=E

[Assign] [ New ] [Delete]

O3] [uo &

],
ed 16 104 1 4 16 64

[Puint Force
[}{Directiun i]

{7y Static 2 Harmonic
@ Transient

Click this button . [&]
to create and edit {Edit] Step |3 Q current time step

a transient load Time |0.2 current time

P |4 force magnitude
diL |07 position of load

2) Click button.
Then, "Load Time Series" dialog pops up. The dialog produces editable
data items for each time step you create. The data items are equivalent to the data
items in "Load Condition" dialog.
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[0 == Load Condition="i B
[Assign] [ — ] [Delete] Load Time 5eries
e - | [ S LR
- 1} k
Wed'1E 14 14 16 64 !
[Pnint Force
[XDirectiun i]

o?” | (_Add ][ pelete |

[ Save ” Impurt] Cancel II

3) Click |__#dd | putton to add a time step.
A line of data items will be created for the new time step. In order to delete a
time step, click button after selecting the corresponding data line.
4) Select a line or a cell to edit.
Then, the data on the line or in the cell will be reflected in the editable text
boxes at the bottom of the dialog
5) Edit the text in the editable text box.
As you edit the text in a text box, it will immediately be echoed in the actual
data line.
6) Click button after completing creation of time steps.
"Load Time Series" closes and the data from the dialog are automatically
reflected in "Load Condition" dialog.
The data on the last line are assumed to be maintained up to the last time step in
the analysis. Thus the data shown in the above example dialog will create the
following time series data.

A

P time

RN =T RN Yo Y o)

0 0.2 0.4 0.6 0.8 1.0 1.2

< An example of transient load>
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Assigning load condition sets

A load condition set is defined as explained in the previous section. The next step
is to assign the set to a certain object. You can assign the currently active set to
selected objects by clicking button of the dialog.

« Selecting objects to assign load conditions

The load condition sets may be applied to various objects. However, assignable
object types are limited and determined by the type of load conditions, as
indicated in the previous figures of “Editable text items”. Only the selection tools
of assignable objects are enabled and others are disabled, whenever the type of the
current load set is altered.

« Assigning a load condition set to multiple objects

You can apply the current load condition set to more than one object. However,
once the set is assigned, extra new load condition sets are automatically generated
so that each of the selected objects is assigned with an independent set which has
the same characteristics as that of the current set. So, you will find that the
number of load condition sets is increased as much as the number of assigned
objects minus one.

« Assigning multiple load condition sets to a single object

One object may be assigned with more than one load condition sets. But there is a
possibility that you assign, by mistake, an identical load conditions to the same
object more than once. In order to prevent such a trouble, VisualFEA does not
allow assigning the same load condition to one object twice or more.

« Representation of load assignment

The assigned forces, except body forces, are represented by arrows indicating the
point and the direction of their application. Body forces are indicated by x mark,
instead of arrow, at the centroid of each element.

The size of arrow can be adjusted using the slide bar of load drawing scale. The
slide bar has relative scale of arrow size. The arrow size can be lengthened by
moving the thumb of the bar to the right, and shortened by moving the thumb to
the left.

Reduce the arrow +——

e s ——» Enlarge the arrow
64 116 104 1 4 16 64

Relative arrow size

< Load drawing scale >
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Heat Property

Heat Boundary
v Load Condition

Structural Property

Structural Boundary

e 2ELUVINy

Other functions related to assigning load conditions

Load conditions can be defined and assigned while the load condition dialog
appears on the screen. At this time, the few menu items related with load
conditions are attached to [T menu as shown below.

Change Side

v Don't Select Loads —|—

Reverse Direction ——— Reverse the direction of force

Change the reference end side of the curve
Suppress selection of load by mouse click

» Arrow On Object
Arrow Off Object
Optimum Arrow

Display the force simbol with arrow toward the object
Display the force simbol with arrow outward the object
Display the force simbol with optimaly placed arrow

Limit Arrow Size

—— Limit or do not limit the size of the force simbol

Reset Arrow Size | Reset the size of the force simbol

» Reversing the force direction

The direction of the force can be reversed by simply choosing the item “Reverse
Direction” from |[IEIW menu. The force direction of the current load condition
set is reversed, and accordingly, the corresponding editable text items of “Load
Condition” dialog is altered with reversed sign. If a load condition set is applied to
multiple objects, and “Reverse Direction” command is issued immediately, then
the direction of all the lastly assigned loads will be reversed.

l" —

I

< Result of “Reverse Direction” command>

« Exchanging the reference end of the curve

The location of point force is represented by the distance from one end of a curve
or a frame element. In this case, the starting point of distance is the reference end of
the curve or the element. The magnitude of trapezoidal force is represented by two
load intensity W41 and W,. The end point with W1 may be the reference point . It
is sometimes necessary to switch the reference point. This can be done simply
choosing the menu item “Change Side” from S0l menu.
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< Result of “Change Side” command>

« Suppressing load selection

Loads can be selected simply by clicking their symbols. You may sometimes
annoyed by unintentionally selecting loads instead of other objects which you
actually want to select. This may happen especially when many load symbols are
densely located at the point of mouse click. Under such situation, it is convenient
to suppress the selection of loads temporarily. Suppressing and desuppressing can
be toggled by choosing “Don’t Select Loads” item from menu. The current state is
indicated by the check mark in front of the menu item.

« Changing the placement of force symbol

Forces are represented by arrows. These arrows may be placed in two different
ways: one with arrows on the object, and the other with arrows off the object. The
placement of the arrow can be switched by selecting either “Arrow on Object” or
“Arrow off Object” from [l menu.

1 |

g,

“Arrow on Object” “Arrow off Object”
<Placement of force symbol>
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« Limiting the size of force symbol

The size of the arrow representing a force is determined to be approximately
proportional to the magnitude of the force. When there are big differences in the
magnitudes of the forces, some of arrows become too large to be appropriately
drawn on the screen. For such circumstances, it is necessary to limit the size of
arrows. This can be done by selecting “Limit Arrow Size” item from ISR
menu.

« Resetting the size of force symbol

As you continue assigning load conditions, the size of arrow may become
inappropriate, even though the load drawing scale can be adjusted using the slide
bar of "Load Condition" dialog. In such case, it is desirable to reset the default size
of the arrow by selecting “Reset Arrow Size” item from [[ZEEM menu.



Chapter 5 Data Assignment 5-61

Load Combination

Structural Property
Heat Property
Structural Boundary
Heat Boundary

Load Condition
[vnamic hMotion
Member Joint
Sequential Stage

Check
Clear
Condense 5et
Show Current 5et Only

*B

Multiple sets of analysis results can be obtained at once by solving a model
with multiple load cases. Each load case is defined by linear combination of
the load sets. A force vector F, for the system equations is obtained by
linear combination of m force vectors, F,, ..., F,, which may be expressed by
the following equation,

As many load cases as desired can be formed by various combinations of the
load sets, and can be used for independent analyses. Instead of solving the
equations with each one of the load cases, the program solves all the cases at
once, and thus saves the computing time significantly. The results from
various load cases can be combined further with desired factors to form a
new sets of analysis results.

The function of load combination is valid only for linear static analysis.

O = Load Combination = B
(3 3] |aftercuttin |
bA Set 1 1
bA Set 2 1
[set 3
[ Set 4
B Set 5 2
B4 Set 6 1
7 combination factor C7
inidicator of the current load set
Boxes of unassigned load sets load set number
are dimmed. Set 11 T~ Check this button to include
the load set in the combinatiol

« Defining load combinations

Load combination is meaningful only when there are 2 or more load condition sets
applied to the model. A load case is defined by combining all or parts of the load
sets with certain combination factors by the following factors.

1) Choose "Load Combination” item from B30 menu.

Then, "Load Combination" dialog appears on the screen.

2) Create or delete a combination set using [_New | or [Delete] pytton in the

dialog.
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The usage of the dialog is similar to that of assignment dialogs except that

there is no button.

3) Check the load sets to be include in the combination.

Click the check boxes to turn on or off the inclusion of load sets in the
combination. Only the load sets applied to the model can be included in a
combination.

4) Insert the combination factors ¢; in the editable text boxes.

There appears an editable text box to the right of the included load set text.
Insert the text of the combination factor in the box. The factor can be either

positive or negative.

You may define as many load cases as necessary. However, it should be considered
that further combination of analysis results is also possible after solving the model
with multiple load combinations.

« Handling load condition sets in "Load Combination” dialog

The "Load Combination” dialog may be displayed along with the "Load Condition"
dialog as shown in the figure below. You may change the current load set by
clicking the corresponding indicator in the "Load Combination" dialog.
Alternatively, you may also change the highlighted indicator by selecting a popup

menu(Windows:dropdown list) item in the "Load Condition" dialog.

Click this button
to start editing

a transient
motion set.

0 = Dvnamic Motion

B

[Assign] [ New ] [Delete]

[2

=) [

&

[ Displacement ﬂ/

() Harmonic @ Transient

popup menu to select _
- dynamic motion item—— Displacement

Turn on this button Velocity

[ to assign transient Acceleration
dynamic motions Nodal Dashpot
Nodal Mass

| current time step
current time

— dynamic motions

) Initial
Edit] Step [1 ] %
Time |D
A |0.08
Ay | -0.03
iz 1]

[— in X, Y and Z directions

<"Load Combination" dialog displayed along with "Load Condition" dialog>

» Combining analysis results of multiple load conditions

The analysis results with various load combinations can be combined further as

described in Chapter 7.
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Dynamic motions can be explicitly prescribed at nodes in dynamic analysis.
In order to start assigning dynamic motions, choose “Dynamic Motion” item
in [T menu. “Dynamic Motion” dialog pops up, and current state of
their assignment is displayed in the main window.

Click this button
to start editing

a transient
motion set.

[0 = pynamic Motion =8

[Assign] [ New ] [Delete]
=
[Displacement ﬂ/

() Harmonic @& Transient—
(2 Initial

Edit] Step [1 ] % |

popup menu to select _
- dynamic motion item—— Displacement

Yelocity
Acceleration
Nodal Dashpot
Modal Mass

Turn on this button
[ to assign transient
dynamic motions

|— current time step
current time

Time |0

— dynamic motions

&:  [n.08
Ay |-0.03 i
Az (D

[ — in X, Y and Z directions

Dynamic motions can be applied to fixed degrees of freedom as well as to free d.o.f.
However, application of motion to fixed d.o.f. tends to increase the solution time.

Defining and assigning dynamic motion sets

Dynamic motions can be defined and assigned by the unit of data set similar to
load condition set. A dynamic motion set is initially created by clicking
button of “Dynamic Motion” dialog. If a dynamic motion set is already assigned,
additional assignment of the set, either to a single object or multiple objects,
creates a new set automatically by duplicating the original one.

The popup menu of "Dynamic Motion" dialog has the following items:

= "Displacement": transnational displacements assigned at nodes.
= "Velocity": transnational velocity assigned at nodes.

= "Acceleration™: transnational acceleration assigned at nodes.

= "Nodal Dashpot": damping dashpot attached at nodes.

= "Nodal Mass": mass assigned to nodes.

The top 3 items correspond to types of dynamic motion and the other two to
dynamic resistance, which is described in the next section.
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« Setting the time dependency of dynamic motion

The time dependency of dynamic motion can be set as one of the 3 types, harmonic
transient and initial types. In order to set the time dependency, click the
corresponding radio button, "Harmonic", "Transient”. or "Initial” in "Dynamic
Motion" dialog. As you alter the option of time dependency, you will notice the
changing items below the radio buttons. Time dependent variation of dynamic
motions is defined and modified using these items.

« Defining harmonic motions
A harmonic motion has periodic characteristics with changing magnitude
expressed by a sinusoidal function sinm(t - to) . The dynamic motion acting at a

specific time is obtained by multiplying the function by the amplitude of motion
given at the bottom of the dialog.

[0 = pynamic Motion = B

[Assign] [ New ] [Delete]

=M 3
[Displacement i]

& Harmonic ) Transient

starting time _|| (2 Initial ending time
of application of application
From to|3

sinw(t- t,) —{Csin (T-|0 )

A |0.05 ———— 1+ ] maximum
Ay (D —amplitude of
Az |0 motion

Click "Harmonic" radio button to define a set of harmonic motions. The
amplitudes of the motion components are defined by inserting the values in the
editable text boxes of motion components.

« Defining transient motions

A transient motion is defined by a series of values at a number of time steps,
which can be created and edited by the following steps.

1) Select an item of dynamic motion from popup menu in “Dynamic Motion”
dialog.
One of "Displacement”, "Velocity" and "Acceleration" items should be selected.
2) Turn on “Transient” radio button in the dialog.
Then, the items below the radio buttons take on the appearance shown at the
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beginning of this section ("Dynamic Motion"). They include the current step
number and the current time. The current time step can be edited by directly
changing the number in the box, or by scrolling the number.

Click button.

Then, "Dynamic Motion Series" dialog pops up. The dialog produces
editable data items for each time step you create. The data items are
equivalent to the data items in "Dynamic Motion" dialog.

Dynamic Motion Series
Step Time Dne Dy Dz
6 1.2 0.02 -0.03 0
7 1.3 0.03 -0.02 0
8 14 0.05 0 0
9 15 0.03 0.02 0
10 1.6 0.01 0.03 0
11 1.8 -0.01 0.05 0
12 2 -0.03 0.06 0
13 2.1 -0.06 0.05 0
14 2.2 -0.02 0.02 0
15 2.3 0.01 0 0 =
16 25 0.04 -0.02 0 =
17 26 0.07 -0.03 0
18 2.7 0.05 -0.01 0
19 28 0.03 -0.02 0
20 2.9 0.06 -0.04 0
21 3 0.08 0
22 3.2 0.05 -0.01 0
23 33 0.02 0.01 0
24 34 -0.02 0.03 0 |
25 35 -0.05 0.05 0 I~
-0.03 | (_add__ ][ pelete |
[ Save ][ Import ] Cancel ] [ 0.K. ]I
4) Click |__Add__| putton to add a time step.
A line of data items will be created for the new time step. In order to delete a
time step, click button after selecting the corresponding data line.
5) Select a line or a cell to edit.
Then, the data on the line or in the cell will be reflected in the editable text
boxes at the bottom of the dialog
6) Edit the text in the editable text box.
As you edit the text in a text box, it will immediately be echoed in the actual
data line.
7) Click button after completing creation of time steps.

"Dynamic Motion Series" closes and the data from the dialog are
automatically reflected in "Dynamic Motion" dialog.

The data on the last line are assumed to be maintained up to the last time step in
the analysis.
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Displacement
Yelocity
Acceleration

Modal Dashpot
Nodal Mass

« Defining initial motions

Initial motions are used to define the initial state of the analysis at time 0. The
type of initial motion is either displacement, velocity or acceleration. Click "Initial"
radio button of the "Dynamic Motion" dialog to define and assign initial motions.

« Assigning dynamic motions

Dynamic motions can be assigned to various types of objects including nodes,
curves, surface meshes or volume meshes. However, they are eventually assigned
to nodes contained in the assigned objects. You should first choose the selection

tool, [ %], [%]. or in order to assign the dynamic motion sets to objects of
desired type.

Defining and assigning nodal dynamic properties

As described in the previous section, the popup menu of "Dynamic Motion" dialog
has items other than dynamic motion itself. They are concerned with dynamic
properties assigned at nodal points. "Nodal Dashpot" is to assign damping
characteristics to nodes, and "Nodal Mass" is to assign concentrated mass to nodes.
A nodal dashpot is a damper decelerating nodal movement, and nodal mass
carries inertia force conceptually concentrated at nodal points.

« Nodal dashpot

Nodal dashpot represents a damper attached to a node. A nodal dashpot can be
defined and assigned by the following steps:

1) Select "Nodal Dashpot" item from popup menu in “Dynamic Motion” dialog.
The editable text items on the dialog turn into states for defining a damping
coefficient for each nodal d.o.f.

2) Insert values into the editable text items.

A damping coefficient is specified independently for each nodal d.o.f. For
example, Cy, Cy, and C, are damping coefficients for 3 nodal d.o.f in 3-D
solid case.

3) Select nodes or objects containing the nodes to assign the nodal dashpot..

4) Click button in the dialog.

The nodes assigned with the dashpot are marked by red rectangle.
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damping force Fx(t) velocity of nodal

N movement vx(t)
N 1
N\

nodal dashpot

damping coefficient Cx

C: (28
Cy |0 |
Cz 1] |

Fx(t) = Cx vx(t)

<Conceptual diagram of nodal dashpot>

= Nodal mass

A nodal mass is a mass conceptually concentrated at a node, which makes the
nodal movement produce inertia force or moment. Nodal mass can be defined and
assigned by the following steps:

Displacement

Velocity 1) Select "Nodal Mass" item from popup menu in “Dynamic Motion” dialog.

Acceleration The editable text items on the dialog turn into the state to get nodal mass
Nodal Dashpot

components defined for each nodal d.o.f.

2) Insert values into the editable text items.
The conceptual nodal mass is specified independently for each nodal d.o.f.
For example, my, My, Mz, Mpy, Mpy, My are mass components for 6 nodal d.o.f
in 3-D frame model. The latter 3 are rotary inertias.

3) Select nodes or objects containing the nodes to assign the nodal mass..

4) Click button in the dialog.

The nodes assigned with the nodal mass are marked by red rectangle.

inertia force
Fy(t) = my ay(t)

acceleration ay(t)

M. |0
m, [230 nodal mass my
Mz |0
M |0
my (p
Mz |0

<Conceptual diagram of nodal mass>
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Frame member joint conditions are meaningful only for 2-D and 3-D frame
analysis. Frame members are basically connected rigidly with other
members at their joints. But some of them may be pin- jointed. The state of
member connection can be defined as member joint condition sets and
assigned to corresponding members.

In order to start assigning member joint conditions, choose “Element Joint”
item from |[ESIWE menu. Then, “Member Joint” dialog box appears on the
screen.

B

[0 == Member Joint

[Assign] [ New ] [Delete]

ERDIE &

Fin-ended

b Left end node in-connected at the left node if checked
p

[ Right end node pin-connected at the right node if checked

Defining frame member joint conditions

The frame member joint conditions are defined as a data set using “Member Joint”
dialog. There are only two data items, each of which represents the joint condition
at one end of a frame member. It is assumed that each frame member has only two
end nodes: the left and the right end node. The check mark of the check box in
front of “Left end node” or“Right end node” indicates that the corresponding node
is pin-jointed. The check mark is turned on and off by clicking the check box. In
order to define a truss member joint, turn on both check boxes. Unchecking both
of the check box makes the member joint condition with both ends rigidly jointed.
Defining such a joint condition is redundant, because all the frame members are
originally assumed to be rigidly jointed at both of their ends.

Assigning frame member joint conditions

In order to assign the currently active member joint condition set, first select the
member, and click button of the dialog . The member will get the joint
condition defined by the set, and will be marked in red colors. The pinned joint is
also marked in the drawing of the member as shown below.

O ——————— O m—)

Both ends are rigidly jointed. One end is pin jointed. Both ends are pin jointed.

<Representation of member connectivity>
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Sequentially staged modeling is devised for analysis of objects with
changing geometry, material properties and load conditions over a given
period of time. Such a modeling is useful in analyzing structures like dams,
tunnels and bridges under construction.
option is turned on by checking the "Sequential” button of the "Project
Setup" dialog. (Refer to "Project and File" section of Chapter 1.) The menu
item, "Sequential Stage" of |EESLU menu is enabled when this modeling

The sequentially staged modeling

The "Sequential Stage" dialog can be toggled between the expanded and

dialog is in the expanded

state, and turns to the shrunken state automatically when an assignment
dialog (such as "Property" or "Load Condition" dialog) is opened.

stage number popup

expand/shrink toggle button —

button to exclude the selected objects _||

from the current stage

button to include the selected objects ]
in the current stage

to show all objects in the model

Seguential Stage

stage label

the time of the current stage

odel Formation

m m selected object(s)

to show all objects in the last stage

(used only for coupled analysis)

to show all objects
[~ in the current stage

to show all objects in the next stage

to show objects included at the current stage

option to use the assumed stress
field for the current stage

option to relax the stresses due to

Model Display ]
O Al /
) Previous urrent (JrNext
O Included  GrExcluded |

Processing Status

| to show objects excluded
at the current stage

button to set the assumed

Edit i

Assumed stress field

unbalanced forces at the predefined
rates over the next few stages

B Stepwise stress relaxation

/IZI Clear displacements

option to clear the displacements but retain

stress field

button to set the scheme
of stress relaxation

the stresses computed at the current stage

< expanded state >

| ——— Sequential Stage

Z 3 [

Time

B (=]

< shrunken state >
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In order to start defining and assigning the sequential stages, choose "Sequential
Stage" item from [EE3EI menu. Then, "Sequential Stage" dialog opens as shown
below. The model of each stage is created by using this dialog. Usage of the
dialog items is explained below.

Delete

ra
L1

Sq2

]

®

Time

o]

Includel

| Exclude

2 All

2 Previous
3 Current
2 Next

2 Included

0 Bocludied

Click this button to create a new stage and display the state of the new
stage. The new stage model initially inherit its contents from the last
stage model or from the base model.

The current stage is deleted by clicking this button. The next or the
previous stage becomes the current stage.

The current stage number is displayed as a popup menu(Windows:
drop-down list) item. You may move to the desired stage using this
popup menu (Windows: drop-down list).

The label of the current data set. You may label a data set by entering
a character string in the text box.

This button is used to scroll up the stage. The current stage is scrolled
up by this button. Clicking this button once reduces the current stage
number by one.

This button is used to scroll down the stage. The current stage is
scrolled down by this button. Clicking this button once increases the
current stage number by one.

The point of time for the current stage. This item is used only for
structural analysis coupled with transient seepage -analysis.
Expand/shrink toggle button. Click this button to expand or to shrink
the dialog.

Click this button to include the selected objects into the current stage
model. If the selected objects are already included in the current stage
model, this button is dimmed.

Click this button to exclude the selected objects from the current stage
model. If the selected objects are not included in the current stage
model, this button is dimmed.

If this radio button is on, all the objects, i.e. the objects of the base
model are displayed. Click this button to show all objects of the base
model independent of the stages.

Click this button to display the previous stage model.

Click this button to display the current stage model.

Click this button to display the next stage model.

Click this button to display the objects included at the current stage,
i.e., the objects which are not in the last, but in the current stage
model.

Click this button to display the objects excluded at the current stage,
i.e., the objects which are in the last, but not in the current stage
model.
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Concept of sequentially staged modeling

Stage is a core concept of the sequentially staged modeling. This section describes
the finite element procedures based on the stages, and the inter-relation of analysis
results and modeling data between stages.

« The base model and the stage models

A sequentially staged model consists of 2 or more stages. Each stage has all
ingredients of finite element analysis by itself and is modeled to represent the
actual situation with changing geometry, properties, and load conditions. The
finite element analysis model for a stage is termed here as "stage model", while the
model with all data shared by all stages are termed as "base model." A sequentially
stage modeling always involves one base model and 2 or more stage models.

The base model is displayed on the screen when the "Sequential Stage" dialog is
not shown. The stage model of the current stage is displayed when "Sequential
Stage" dialog is opened. You can move to the desired stage either by using the
stage number popup menu(Windows: dropdown list), or by using the scroll
buttons. The current stage number appears as the popup text. The current stage
can also be identified by the label displayed in the label text box. The geometry,
properties, boundary conditions and load conditions of the current stage model is
displayed in the main window if the dialog is opened and the display mode is set
to "Current". At the moment you close the dialog, the display on the main
window returns to the base model.

“Sequential Stage” The current stage number is shown
base model dialog is not shown. stage model in “Sequential Stage” dialog.

L=

[ET3]

+
[Ge]
selected object(s)
QAN
Q Previous ® Current O Next
Q Included O Excluded
([ Assumed stress field Edit
[ stepwise stress relaxation Edit
[0 Clear displacements

vaY
%
X

4
Ry
P
Lt
N
yVi

s
Y.

2l

N
N

<Base model and stage model>
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, the base
any assignment

In other words

model comprises all the data included in the stage models. The first created stage

model (the stage model of stage 1) initially inherits its data from the base model,
new objects cannot be attached to a stage model

a subsequent stage model initially inherits its data from

and is modified later by various actions.

Thus,
directly. The geometric objects created for the base model are automatically

inherited to all the currently existing stages.

Any assignment performed at a stage level is applied to the

Data Assignment
On the other hand, properties and load conditions can be assigned directly to a

Creation or modification of geometric objects, i.e., curves and meshes are allowed
stage model.

and is later modified to keep only necessary data by using exclusion, assignment or

clearing actions. Likewise
to the base model is automatically inherited to all the currently existing stages.

corresponding stage model, and also included in the base model.
assignment is not applied to the other stage models. Nevertheless,

All the stage models share the data of the base model.

« Data sharing and inheriting

the preceding stage model
only for the base model.
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= Solution process of stage models

A complete processing of finite element solver is performed for each of the stage
model. The processes are repeated, starting from the first stage and proceeding
sequentially to the last. Each process of a stage model is not independent from the
others. A stage model is processed in association with its preceding or subsequent
stage. The solution results of a stage model are reflected in the processing of the
next stage model. For example, unbalanced forces resulting from excavation at a
stage are relaxed over the next few stages with prescribed rates. The solution
results such as displacements, stresses and so on are accumulated stage after stage.
The data accumulation can be artificially controlled if necessary. As an example,
the nodal displacements are cleared at the first stage while the computed stresses
are retained, which is usually applied to modeling construction stages in
consolidated soil.

» Procedure of sequentially staged modeling

A stage model is constructed in the form of extracting necessary components from
the base model. The procedure of sequentially staged modeling can be
summarized as follows:
1) Create the base model.
It is recommended to complete creating the base model before creating the
stages, although the base model may be added or modified in the middle of
working with stage models.
2) Create stage models and build the geometry of the stage models.
The geometry of a stage is constructed initially by inheriting the geometry
from the base model or from the previous stage, and then modified by
"Include” and "Exclude" actions.
3) Build the data assignment of each stage model.
Property and load condition data of a stage is constructed initially by
inheriting the data from the base model or from the previous stage, and then
modified by assigning or clearing data.
4) Execute the solution process.
The finite element solution process is launched in the same way as non-staged
models. Select "Solve" item of menu to go through the solution
process. (Refer to "Processing of structural analysis" section of Chapter 6.)
However, a complete solution process is repeated for each of the stages. The
analysis results of a stage are accumulated and applied as a part of input data
for the analysis of the subsequent stages.
5) Postprocess the analysis results.
The analysis results of the staged model are arranged and saved as a
sequential process. The visualization of the analysis results can also be
controlled sequentially in accordance with the staged progress.
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Creating stage models

Sequentially staged modeling is initiated by choosing "Sequential Stage" button
from |EEI menu. Stage 1 exists at the beginning of staged modeling. Stage 1
initially includes all the objects created so far, and the current assignment of
properties, boundary conditions and load conditions.

« Creating a new stage

A new stage is added to the staged model by clicking [E button. If the current
stage is the last one, the new stage is attached to the last. If the current stage is not
the last one, the new stage is inserted between the current and the next stage.
Accordingly, the next and the following stages are reassigned with subsequent
numbers.

The new stage model initially inherits the geometry and the attributes from the
current stage which is now stated as previous stage. The newly created stage takes
the status of current stage.

« Deleting a stage

The current stage is deleted by clicking [@ button. If the current stage is the
last one, the previous stage takes the status of current stage. Otherwise, the next
stage takes the status of current stage, and the subsequent stages are renumbered
accordingly. There should be at least one stage, and therefore the current stage
cannot be deleted if there is only one stage.

« Moving to the desired stage

You can move to the desired stage either by using the stage number popup
menu(Windows: dropdown list), or by using the scroll buttons. The current stage
number appears as the popup text. The current stage can also be identified by the
label displayed in the label text box. the contents of the main window, i.e.,
geometry, properties, boundary conditions and load conditions are displayed on
the basis of the current stage.

Building the geometry of stage models

In a sequentially staged modeling, each of the stages represents a complete model
with all ingredient of finite element analysis, composed of geometry, properties,
boundary conditions and load conditions. However, it is not necessary to create
independent models for the stages. Instead, a stage can be constructed simply by
including and excluding its components from the predefined base model.

« Including the selected objects to the current stage

It is the case in which the objects not in the previous stage is to be included into the
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current stage. Before including the objects into the current stage, they may not be
displayed at the current stage depending on how the display option is set. In order
to make the desired object visible, check "All" or "Last" radio button. Then, select
the object, and click [nciude] putton. If the selected objects are already within the
current model, the button is dimmed.

« Excluding the selected objects from the current stage

It is the case in which the objects in the previous stage is to be exclude from the
current stage. Select the objects to exclude, and click |Exclude, button. If the
selected objects are not within the current model, the button is dimmed.

« Handling objects created after creation of some stages

As mentioned previously, it is desirable to complete the creation of the base model
and then to start creating the stages. Owing to some reason, however, a part of the
base model might have been created after creation of some stages, all or in part. In
such situations, the newly created objects are automatically included into all the
stages already created. If unwanted objects are included in this way, you should
move to the relevant stage, and exclude the objects manually.

« "Model Display" options

Only displayed objects are selectable, and thus can be included or excluded as
desired. Therefore, it is necessary to control the state of visibility of the desired
objects for building the geometry of a stage. The "Sequential Stage" dialog has
radio buttons, "All", "Previous"”, "Current”, "Next", "Included" and "Excluded" for
the option of object display. The usage of the buttons is described at the beginning
of this section.

Property assignment in sequentially staged modeling

In a sequentially staged modeling, the property assignment also varies with stages.
For example, a surface mesh region is assigned with property set A at stage 1, and
the property of the same region is altered to set B at stage 2. This is the case of a
construction modeling with changing material property in some part. Property
assignment can be handled either collectively by working with the base model or
individually by working with a stage model.

In order to start property assignment, select "Structural Property" item from
EETTE menu. If the "Sequential Stage" dialog is not currently on, the property
assignment is performed for the base model. If the dialog is already opened, the
dialog shrinks, and the "Structural Property" dialog is positioned at the bottom of
the "Sequential Stage" dialog as shown in the figure below. In this case, the
assignment is applied to the current stage model.



5-76

Chapter 5 Data Assignment

“Sequential Stage” dialog is shrinked.
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Assignment is applied to {he base model. Assignment is applied to the current stage model.

< Property assignment to the base model and to a stage model >

« Assigning properties to the base model

The base model takes the property assignment and deletion, when "Sequential
Stage" dialog is not on. And the assignment to the base model is automatically
inherited to all stage models which have the assigned objects. Deletion of a
property set in the base model is also applied to all stage models. Thus, property
assignment or deletion in the base model overrides the previous assignments in all
stage models at once.

property assignment

or deletion
V
base model
inherité to allsagemm\
¥ .
stage 1 model stage 2 mode stage 3 mode stage 4 mode

<Property assignment of the base model>

« Assigning properties to stage models

Only one property set can be applied to an object in the base model, although the
property of an object can be altered from one stage to the other. Assignment of the
changing properties can be achieved by assigning different property sets to the
stage models. The current stage model takes the property assignment and
deletion, when "Sequential Stage" dialog is on. The current stage is indicated by
the popup menu item in the dialog. Property assignment to a stage model does
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not affect the assignment of other stage models. However, the assignment is
registered in the base model.

property assignment
or deletion

stage 1 model stage 2 mode stage 3 mode stage 4 mode

registered in the base models

base mode!

<Property assignment of a stage model>

Load assignment in sequentially staged modeling

Load assignment can be handled either collectively by working with the base
model or individually by working with a stage model. It is similar to the case of
property assignment. The load assigned to the base model is inherited to the stage
model. However, in solving the whole staged model, a load assignment to an
object is effective only for one stage model. In the case of assignment with the
base model, the load set is effective at the stage in which the assigned object first
appears. In the case of assignment with a stage model, the load set is effective at
that stage only.

Assignment of load conditions is initiated by selecting "Load Condition" item from
EEXTH menu. If the "Sequential Stage" dialog is not currently on, the load
assignment is performed for the base model. If the dialog is already opened, the
dialog shrinks, and the "Load Condition" dialog is positioned at the bottom of the
"Sequential Stage" dialog as in the case of property assignment.

« Assigning loads to the base model

A load condition applied to the base model is inherited to stage models. This does
not mean that the load condition is applied to all stage models, but means that the
load takes effect at one of the inherited stage models in which the assigned object
appears for the first time. Each of the load conditions is involved only once in the
system equations, and it is the system equations at the stage the load takes effect.
Thus, actual application of the load conditions in the base model is determined
automatically by the program, and cannot be controlled by the user.

The following example illustrates how the load assignment of the base model takes
effect in stage models. Load 1 to 4 are applied to the base model. Load 4 becomes
effective at stage 1, because the object assigned with the load is already in the stage
model. Load 2 and 3 take effect at stage 3 in which the assigned object appears.
Finally, load 1 appears at stage 4.
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load 2

load 1 é g load 3
1 load 4

b
ase model \ load 2 load 1
load 3 é
load 4

o

stage 1 model stage 2 model stage 3 model stage 4 model

<Load assignment to the base model>
« Assigning loads to stage models

A load condition applied to the base model takes effect at the stage the assigned
object appears first. Thus, the stage of actual application may not be realized as
desired. Such a problem can be solved by assigning the load condition directly to
the desired stage. The following figure shows an example illustrating the
difference between the load assignment to the base model and the assignment to
the stage models.

assignment of load 4 assignment of load 3 assignment of load 1 and 2

1 A
o

stage 1 model stage 2 model stage 3 model stage 4 model

registered in the base model

registered in the base model
load 2

load 1 E ? load 3
load 4

base model

<Load assignment to stage models>
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Control in processing of a sequentially staged model

The solution results of a stage model and their reflection on subsequent stage
models can be artificially controlled to embody the actual situation more
realistically.

« Assumed stress field of a stage model

The solution results of a stage model can be replaced by assumed stress field as a
whole or in part. Such a fabrication of the analysis results is often used to
represent the initial state in soil mechanical analyses.

If you check the "Assumed stress field" box, button to the right turns to
enabled state from disabled state. Click the button to designate how the stress field
should be assumed. Then, "Assumed Stress Field" dialog appears.

Assumed Stress Field

Yertical Direction coordinate axis designated as the vertical directior
ax &y a2z

Yertical Stresses options specifying the vertical stress field
@ As solved

() Gravity load + surface load

Horizontal 5tresses
@ As solved options specifying the horizontal stress field

(O Yertical stress x Ko

Shear 5tresses options specifying the shear stress field
@ As solved
2 lgnore

((cancel | [ ok ||

Using the dialog, the stresses can be controlled as follows:

= "Vertical Direction™: Select the vertical direction from the coordinate axis, X,
Y and Z . This option is enabled only for 3-D problems. The Y direction is
assumed to be the vertical direction for 2-D modeling.

= "\ertical Stresses": Select the way how the stresses in the vertical direction
should be determined. If "As solved" ratio button is on, the vertical stresses
are determined by the finite element solution. Otherwise, the vertical
stresses are directly calculated from the vertical loads.

= "Horizontal Stresses": Select the way how the stresses in the horizontal plane
should be determined. If "Vertical Stress © K" option is on, the horizontal
stresses are directly calculated from the vertical stresses using the neutral
soil pressure coefficient K,
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e "Shear Stresses": Select the way how the shear stresses should be
determined. If "Ignore"” option is on, the shear stresses are set to 0,
regardless of the actually computed values.

In order to nullify the rule of stress assumption and use the solved values, uncheck
the "Assumed stress field" box.

« Prescribing the staged stress relaxation rate

Excavation during construction can be modeled simply by excluding the elements
of the excavation part from the corresponding stage model. Removal of elements
results in change of stresses. In sequentially staged analysis, it is sometimes
assumed that the stress change does not occur at once, but gradually over a few
stages. Such an assumption is often adopted in 2 dimensional modeling of
excavation progressing in the direction vertical to the plane. The assumption is
based on the concept of unbalanced forces and stress relaxation. At the beginning,
there exist unbalanced forces resisting the stress change. Stress relaxation, i.e.,
transition of stresses to the final state progresses gradually in accordance with the
reduction of the unbalanced forces.

—>

vertical stress due to body weight stress after excavation stress after excavation
before excavation with full unbalanced forces without unbalanced forces
(0% stress relaxation) (100% stress relaxation)

< Concept of unbalanced forces and stress relaxation >

The gradual stress transition is represented by the stress relaxation rates prescribed
for the stages subsequent to the excavation. The procedure of prescribing the stress
relaxation rates is as follows:
1) Check "Stepwise stress relaxation” box in the "Sequential Stage" dialog.
Only when the box is checked, button to the right is enabled.
Otherwise, it is disabled.
2) Click button to open "Stress Relaxation Rate" dialog.
The stress relaxation rate is prescribed using this dialog.
3) Create the lines of stages by clicking button.
The stage offset indicate the number of stages from the current stage. The
offset of the current stage is 0. Create as many stages as the relaxation rate is
prescribed.
4) Set the relaxation rates.
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Set the relaxation rate for each lines of stages. There are 2 columns of

relaxation rates.

"No Refilling" column prescribes the relaxation rates of

excavation without refilling. "w/ Refilling" column applies to the relaxation

rate of excavation with later refilling.

4) Click button to complete prescribing the stress relaxation rate.

The relaxation rate data is saved to a text file by clicking button, and
imported from a text file by clicking button.

« Clearing displacements

There is an option to clear all the displacements accumulated up to this stage.
Check "Clear displacement" box to remove the displacements but retain the
stresses. This option is often used at the initial stage of soil mechanical analysis to
represent the initial state of stresses due to body weight.

time from the
current stage

stress relaxation rate for
excavation without refilling

stress relaxation rate for
excavation with refilling

current

Stress Relaxation Rate

Stage Elapse Time

Mo Refilling w/ Refilling

stage

delete the
selected lin€]

add B
anew line

0 0 1

1
2

DG

10 0
\i

@ Apply by stage
) Apply by time

1 add

][ Delete ]

[

Save ][ Impurt] [Cancel [ 0.K. ]

save the data in a text file

read the data from a text file

pre-excavation stage

stage elapse =0
(excavation stage)

40% stress relaxation
(60 % unbalanced forces)

stage elapse =1

70% stress relaxation
(30 % unbalanced forces)

stage elapse =2

100% stress relaxation
(0 % unbalanced forces)

a4 1)

< Prescribing the stress relaxation rate >
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Finite Element Processing

Finite element analysis consists of several steps from creating geometric coordinate
data to visualizing the analysis results.

The core of the finite element analysis is to form the system equations using the
data prepared as described in the previous chapters, and to solve them. This
procedure is called “processing of finite element analysis,” and termed here as
“finite element processing.” Among all the procedures in finite element analysis,
this is the one which requires minimum user interaction. Once the processing
begins, it goes on continuously by itself to the end without requiring user
intervention. However, the processing is the step which involves the most
intensive computation. This usually demands huge computational resources in
terms of computing time and memory space. The computing time for processing
varies largely depending on the size of the problem: from less than a second to
several hours or more. The computing time as well as the memory space required
for finite element processing increases drastically as the size of the problem
becomes larger, in going from 2-D to 3-D, linear to nonlinear, static to dynamic.
Computational efficiency in terms of computing time and memory space is an
important issue in the finite element processing. There are a number of factors
affecting computational efficiency. Either node numbering or element numbering
depending on the solution scheme is one of the major factors determining the
efficiency. Optimizing the node numbering or the element numbering is an
essential step which should be taken prior to the processing. Accuracy as well as
computational efficiency is affected also by integration schemes and element types
employed in the processing. Therefore, they should be manipulated by the users
for the best accuracy and efficiency.

This chapter describes the usage of functions related with finite element processing
and its computational efficiency. These functions are arranged as items of
menu as shown in the figure below.

Optimize Node No. 1 Optimize node numbers

Optimize ElementMNo. 1 Optimize element numbers

Integration Scheme.. | Set integration scheme

Analysis Output Items... | Choose analysis output items

Check Connectivity B} Submenus for checking node or element connectivity
Analysis Info ——— Display analysis status

FEM Simulation Bl Submenus for simulation of finite element analysis (CBT)
Register Process... ] Register external processes

Process | Launch a registered external process

Auto Solve -1 Turn on and off auto-solve mode

Solve ———— Process finite element analysis
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Getting Finite Element Solution

Assembling and solving finite element equations involve many complicated steps
and a huge amount of computation. For you as an end-user, however, it is usually
a simple single step procedure. All you have to do is to choose an appropriate
menu item. In spite of this simplicity, it is important for you to understand the
mechanism of this procedure in order to get a proper solution with maximum
efficiency.

Solver of finite element analysis

There is software specialized in finite element processing. They are commonly
called “solver.” VisualFEA has the capability of such as solver embedded in itself.
However, you may use VisualFEA together with other solvers provided by third
party, or developed by yourself. In other words, you may use VisualFEA for
creating a finite element model (preprocessing) and visualizing the analysis results
(postprocessing), and use other solvers for processing. Such a finite element
processor is termed here as “external solver.”

There are two paths for doing finite element analysis with VisualFEA: one is
relying only on VisualFEA through the whole procedures, and the other combining
an external solver for processing and VisualFEA for pre- and postprocessing.

VisualFEA

Preprocessing ==  Processing == Postprocessing

Use of intuitiveFEM for whole procedures

VisualFEA

Preprocessing Postprocessing

N7

Processing

External Solver

Combined use of VisualFEA and an external solver
<Alternative procedures of FEA using VisualFEA>

The procedure of finite element analysis based only on VisualFEA is simpler, more
straightforward and more efficient than that based on the combined usage of
VisualFEA and an external solver. However, the solver embedded in VisualFEA
may not cover the range of problem you want to solve. In such a circumstance,
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you should employ an external solver.

It is your responsibility to make data interface between VisualFEA and external
solvers, unless there exists software interfacing them. The data interface is
described in Chapter 10.

Processing of structural analysis

The simplest method of getting a finite element solution is to use VisualFEA’s own
processing capability. The finite element solver’s capabilities are embedded within
VisualFEA. This makes VisualFEA much simpler to use than other finite element
programs which has separate module for processing, preprocessing and
postprocessing.

In order to get into the processing stage for solution, choose “Solve” item from
menu Then, “Analysis Options” dialog appears on the screen. The
contents of the dialog vary depending on the type of solution as will be described
below. Set the dialog items as desired and click button. Then, the
processing starts, and goes on up to the completion of all the necessary
computation including assembling the system equations and solving them.

« Setting analysis options for linear static analysis

Choosing “Solve” item from menu will pop up "Analysis Options" dialog
as shown below, if you have set the solution type as linear static. The solution type
is initially set as linear static, and remains as it is, unless you have checked any one of the
check boxes under "Solution Type", i.e., ""Material nonlinear", ""Geometric nonlinear" and
"Dynamic."

Analysis Options

Solution Stage Set the solution stage
@ Analysis () Reanalysis
O Adaptive Analysis

Equation Solver Select the equation solver
& Frontal (2 Skyline

Processing Options Set the processing options

[ Optimize element humbers.
[ Optimize node numbers.

[ ¥isualize the process.

[ Keep the matrix for reanalysis
B4 Check the available disk space
[ Use temporary files for safety

[Cancel] [ 0.K. ]

The dialog has a few items setting the options related to the finite element
solution procedure.
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solution stage: The solution stage may be set as one of “Analysis,”
“Reanalysis” and "Adaptive." If you turn on "Adaptive" radio button, the
solution procedure turns into adaptive process. The analysis options for
adaptive analysis are described in the next section. So, only "Analysis" and
"Reanalysis" options are described in this section.
The initial default setting of the solution stage is “Analysis”, which leads to
the normal procedure of processing based on assembling equations and
solving them. Once the system equations are assembled and solved, they
may be used for subsequent processing by setting the option as “Reanalysis”.
The reanalysis option will eliminate most of the computing time for
assembling and decomposing the system equations. The reanalysis option is
enabled and valid only under the following conditions.

The system equations should have been solved in the previous session.

The files containing the system equations should exist in the same directory

(folder) as the data file.

In order to keep these file for reanalysis in next sessions, check “Keep the matrix for

reanalysis” item in the “Analysis Options” dialog.

Geometry, element properties, and boundary conditions should not have

been altered since the system equation files were created.

Loads may be changed.

The analysis type is linear static, and not adaptive nor sequential.
equation solver: You may choose one of two methods of assembling and
solving equations: frontal method and skyline method. They are typical and
the most widely used methods in finite element analysis solvers.
Skyline method uses only CPU memory, while frontal method relies much on
auxiliary memory such as a hard disk. Accordingly skyline method demands
much larger CPU memory space than frontal method. Skyline method
usually works faster than the frontal method which requires frequent reading
and writing with the auxiliary memory.
The default setting is “Frontal.” If your computer is equipped with huge CPU
memory, and you want faster solution, choose “Skyline.” Otherwise, you
should keep the option as “Frontal.”
In case you chose “Skyline,” but the memory space is not sufficient, the
software will notify this by the following message box. If you click
button of the dialog, the software will automatically switch the solver to
“Frontal.”

solver. Frontal solver will be used
instead.

f Insufficient memory for skyline

[ cancel | [ ok |
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= processing options: You can turn on or off each of the processing options by
clicking the check box in front of each item. These settings are applied
during the processing stage.
“Optimize element number” : This item is enabled only when the equation
solver is set as “Frontal”. If this option is turned on, optimization of element
numbering is automatically done prior to assembling the system equations.

- “Optimize node number” : This item is enabled only when the equation
solver is set as “Skyline”. If this option is turned on, optimization of node
numbering is automatically done prior to assembling the system equations.

- “Visualize the process” : If this option is turned on, a graphical rendering of
the model is provided along with the status of the element stiffness matrix
assembly.

- “Keep the matrix for reanalysis” : The system equation files are created at
the start of matrix assemblage and removed at the end of the processing. In
order to keep these files for reanalysis, this option should be turned on.

- “Check the available disk space” : If this option is turned on, the available
disk space is checked while processing is going on. If the disk space is not
sufficient, the processing will pause with the following notice so that you
may secure enough space and resume the processing.

Insufficient disk space!
Resume after freeing more disk space.

- “Use temporary file for safety” : If the processing is abnormally interrupted
due to system failure or any other reasons, the data file may be spoiled or
lost. In order to avoid such risks, turn on this option. Then, a duplicate of
the data file will be created temporarily and used during the processing, and
it will replace the original file when the processing is successfully completed.

The processing procedure is initiated when you click button of the dialog,
after setting all the appropriate items.

« Setting analysis options for adaptive analysis

If you click "Adaptive analysis" radio button of "Analysis Options" dialog, the

dialog expands with additional items as shown below. The upper part of the
dialog has the original items, and the bottom half includes new items as follows:

=« termination criterion: The adaptive iteration continues until one of the

conditions set for its termination is satisfied. These conditions are termed

here as the termination criterion. You may validate or invalidate each one of

the following termination criteria by checking or unchecking the boxes in

front of them. If the box is checked, the corresponding criterion is applied.
- number of iteration cycles: The number of iteration cycles can be restricted
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by checking this item, and setting the number. Iteration terminates when the
number of cycles reaches the number.

- energy norm error: Iteration terminates when maximum energy norm error
over the whole solution domain gets smaller than the criterion set as the
limiting energy norm error.

If both of the termination criteria are checked, iteration terminates when any
one of them is fulfilled.

Analysis Options

Solution Stage
) Analysis 2 Reanalysis
@ Adaptive Analysis
Equation 5olver
@ Frontal {2 Skyline
Processing Options
[ Optimize element humbers.

[ visualize the process.

[ Keep the matrix for reanalysis

b4 Check the available disk space

4 Use temporary files for safety
Adaptive Analysis Options

Termination Criterion

b4 Mumber of iteration cycles |2

Set the criteria for terminating
the adaptive iterations.

b Energy norm error 5 °
Handling of Intermediate Models Decide how to handle the data
@& Keep all the intermediate models. from intermediate iteration cycles.
() Keep the original and the final models
Yisualization of Adaptive Process Decide whether to display
b Display updated mesh. the intermedate adaptive process.

b Display energy norm error.

Cancel I I

= handling of intermediate models: It is the option determining how to treat
the model data created at the intermediate stages of iterations.
"Keep all the intermediate models": If this radio button is turned on, the
modeling data and analysis results obtained during the intermediate cycles
of adaptive iteration are saved, and can be retrieved for later use.

- "Keep the original and the final models": If this radio button is turned on,
the intermediate modeling and analysis data are discarded, and only the
original and the final data are saved.

= visualization of adaptive process: It is the option related with visualizing the
model and/or energy norm error while the adaptive iteration process is going
on.

- "Display updated mesh": If this radio button is turned on, the meshes
generated at each step of adaptive iterations are plotted.

"Display energy norm error": If this radio button is turned on, the energy
norm error distribution is displayed by contour at each step of adaptive
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iterations. (This option may not work for the current version of VisualFEA.)

» Setting analysis options for dynamic analysis

Choosing “Solve” item from menu will pop up "Dynamic Analysis
Options" dialog as shown below, if you have set the solution type as dynamic.
The solution type can be set by using the "Project Setup" dialog.

Select the time

Set the solution method integration method
|

[vnamic Analysis Options

Solution Method Mass Matrix Set the way of computing
) Direct integration @ Lumped {3 Consistent mass matrix
# Mode superposition .
3 Modal analysis Number ufl:l_ynamll: modes |10 Set the number of dynamic modes
] Number oftime steps 200 Set the number of time steps
Integration Method — Time step size 0.001 Set the st ize for ti int i
> Central difference {explicit) — [ et the step size for time integration
@ Newmark {3 WilsonTheta [ Rayleigh Damping Set the Rayleigh damping
) Stiffness damping ratio (0.0
Equation Solver ) )
. hass damping ratio 0.01
) Frontal @ Skyline (0 Sparse ) = -
[J Mode Equivalent Rayleigh Damping | set the mode equivalent

Processing Options
[ Optimize element numbers.

[ oOptimize node numbers. .
[ ¥isualize the process. [ Modal Damping Set the modal damping

[ Keep the matrix for reanalysis

Rayleigh damping

Check th ilable disk Newmark Parameters Set the constants used with
b4 Check the available disk space Alpha [0.2500| Delta |0.5000 the integration method

[ Use temporary files for safety

Cancel I

= solution method : This option determines how to get the dynamic analysis
results. VisualFEA supports 3 methods of performing dynamic analysis.

- direct integration: No transformation is applied for integration in time. The
nodal displacements are obtained directly at each time step.

- mode superposition: Time integration is operated on the participation
factors of dynamic modes. Thus, the dynamic modes are extracted first
through eigenvalue analysis, and the system equations are formed in terms
of participation factors of these dynamic modes. The nodal displacements
are obtained by superposing the dynamic modes at each time step.

- modal analysis: Only dynamic modes are extracted, No time integration is
performed. Other analysis results including nodal displacements are not
computed.

= integration method : This applies to the integration in time for both the direct
integration method and the mode superposition method.

"Central difference (explicit)": A explicit integration method, in which the

stiffness matrix is not decomposed. The mass matrix is decomposed only
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when consistent mass matrix is used. The solution may diverge if the time
step is larger than the critical value.
- "Newmark": An implicit method with linear acceleration controlled by
parameters a and d, which can be set by the user.
- "Wilson Theta": An implicit method with linear acceleration controlled by
an input parameter g, which can be set by the user.
mass matrix : There are following two options in computing the element mass

matrix.
"Lumped": The mass matrix is computed by assuming that element mass is
concentrated at nodal points.
"Consistent™: The mass matrix is computed by interpolation consistent with
that used for the stiffness matrix.
number of dynamic modes : To specify the number of dynamic modes used
for mode superposition. This item is valid only when the solution method is
set as mode superposition.
number of time steps : The number of steps included for time history
analysis. The total duration of the analysis is determined by the number of
steps and the step size which is the next input item.
time step size : The length of time from one step to the next. Equal step size
is assumed for the whole duration of the analysis.
Rayleigh damping : If this item is checked, Rayleigh damping is assumed,
which is the form of C=oaM + K. And the following 2 sub-items pop up.
"Stiffness damping ratio": This is the stiffness damping coefficient b of the
above equation.
"Mass damping ratio": This is the mass damping coefficient a of the above
equation.
= mode equivalent Rayleigh damping : If this item is checked, Rayleigh
damping is assumed, but is represented by 2 modal damping ratios which
appear as additional input items.
"Mode 1 damping ratio™: X;
"Mode 2 damping ratio™: X,

[ Mode Equivalent Rayleigh Damping
hMode 1 damping ratio 0.1
Mode 2 damping ratio (g

There is a following relationship between the Rayleigh damping coefficients(o. and £3)
and the modal damping ratios (§; and &,).

g =2 4P
2w, 2

g, =% 4+ PU
2w, 2
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< modal damping : One method of assigning damping characteristic is to
assume an individual damping ratio for each dynamic mode. It is termed
here as modal damping. However, information on dynamic modes is not
available prior to completing the modal analysis. Thus, the damping ratio are
specified as a function of modal frequency.
If you click this item, there appears |__Edit | button which is used to launch
"Modal Damping Ratio" dialog. A table of modal frequencies and paired
damping ratio can be specified using this dialog. The damping ratio for a
given frequency is estimated by interpolating the values given in this table.

Modal Damping Ratios
Point Frequency [}amp\ﬂatiu
1 1 0.01
2
3
4
Damping ratios
Modal frequencies in Hz
E Add a frequency to the list
| =
Editable text box for 44_0_[“]] | [ Add ][ Delete—]d |— Delete a frequency from the list
selected text ”
i / Save Import ]_* Import a list of damping ratios
Save t_he list .Of E saved in a text file.
damping ratios in
a text file. 4

= Acceleration parameters : parameter(s) for linear acceleration of time
integration. There are different parameters depending on the method of time
integration. The input items change as the method of integration changes.
- central difference method: no input parameters for this method of
integration.
- Newmark: There are 2 parameters a and d. The default values, a=0.25 and
d=0.5 are used for unconditionally stable solution.

Newmark Parameters

Alpha Delta
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Wilson g: There is a parameter g. The default value is g=1.4. The value of
should be 1.37 or greater for unconditionally stable solution.

Wilson Theta

Theta |1.4000

« Setting analysis options for nonlinear analysis

Choosing “Solve” item from menu will pop up "Nonlinear Analysis
Options" dialog as shown below, if you have set the solution type as material
nonlinear, or geometric nonlinear. The solution type can be set by using the
"Project Setup” dialog.

b4 Use temporary files for safety

Monlinear Analysis Options

Equation Solver Number of load incremental steps |5 Set the number of increments
@ Frontal ) Skyline () Sparse Number of iterations within a step |g Set the number of iterations
Processing Options Error tolerance for convergence 1 9% | Set the convergence tolerance
[ optimize element numbers. Stiffness Matrix Update Select the option of updating
() Constant stiffness matrix (no update) stiffness matrix
[ Visualize the process. @ Update for each step of load increment
[ Keep the matrix for reanalysis {3 Update for each iteration within a step
[ Check the available disk space Other Nonlinear Options Set other nonlinear options

[ Specify divisions ofincremental steps
[ Keep results of intermediate steps

Cancel I 0.K. I

number of load incremental steps : It is the number of steps for solution of a
nonlinear problem by incremental method. If this value is 1, a simple
iterative solution is applied. Otherwise, the total load is divided into as
many segments as this number, and applied incrementally through the
nonlinear solution process.

number of iterations within a step : The maximum limit in the number of
iterations within an incremental step for solution of nonlinear equation. If
this value is 1, simple incremental procedure is applied.

error tolerance for convergence : This convergence criterion applies to the
iterative procedure within an incremental step. The iteration is terminated if
either the percentage of the residual force falls below this level, or the number
of iterations reaches the maximum limit.
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F F F
A A A
» D » D » D
m>1, n=1 m=1, n>1 m>1, n>1
m=number of incremental steps, n=number of iterations within a step

< Number of load increments and number of iterations >

= options for stiffness matrix update: There are following 3 options of
updating stiffness matrix throughout the incremental and iterative process.
"Constant stiffness matrix (no update)”: If this button is turned on, the
stiffness matrix is not updated throughout the whole incremental and
iterative process. Thus, the stiffness matrix is computed only once and no
additional time is required for its update. However, this option leads to
large number of iterations as shown in the figure below.

- "Update each step of load increment": If this button is turned on, the stiffness
matrix is updated only for the first iteration of each load increment. The
stiffness matrix remains constant for all iterations within a load incremental
step.

- "Update each iteration within a step": If this button is turned on, the stiffness
matrix is updated for every iteration throughout the whole process. This
option takes more time for updating stiffness matrix, but requires smaller
number of iterations.

-
-

» D » D » D
Update for each step of load increment Update for each iteration

Constant stiffness matrix

< Schemes of stiffness matrix update >
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= other nonlinear option:

- "Specify division of incremental steps" : This item is not checked by default,
and the sizes of all load increments are equal. If you check this item, the
following "Load Incremental Steps" dialog pops up. Initially the editable
text boxes are filled with uniformly divided incremental portions of the
load. These incremental proportions can be modified by editing the text.
boxes

Load Incremental Steps
1 0.1
2 /|02 )
3/ (o3 |
4| [o4 |
a3 0.3 \‘ Set the incremental proportion of loads
6| (06 |
7| [0z |
g | (08 |
9 0.9
10 1
11
12
13
14
15
16
17
18
19
20
Cancel I

"Keep results of intermediate steps" : If this item is checked, the solution
data obtained at every incremental step is saved, and can be retrieved for
later use.

« Setting analysis options for sequentially staged modeling

As for linear analysis, the same dialog is used for both non-staged and staged
modeling. In the case of nonlinear analysis, dialog for sequentially staged
modeling has a few more items than the dialog for non-stage modeling. They are
related to incremental and iterative solution scheme for each stage.

In order to apply constant number of incremental steps and iterations, turn on
"Constant step iteration" radio button in the dialog and then insert the number of
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incremental steps and iterations in the editable text box. In order to differentiate
the incremental and iterative scheme from stage to stage, turn on "Variable step
iteration" ratio button. And click button. Then, "Solution Step Iteration
Scheme" dialog appears. You may set the number of load steps and the number of
iterations using this dialog. The dialog displays as many rows as the number of
stages. At the beginning, each row is assigned with equal number of incremental

steps and equal number of iterations.

and click button to complete the setting.

Sequential Nonlinear Analysis Options

Iver
| {2 Skyline

Options
Ze element numbers.

ize the process.

he matrix for reanalysis
the available disk space
mporary files for safety

Nonlinear Analysis Control
() ¥ariable step iteration di

Set new values by editing the existing ones,

option to apply the variable
solution scheme to stage by stage

button to set the solution
scheme of each stage

option to apply the constant

# Constant step iteration
Mumber of load increment
Iterations within a load s

Error tolerance for conver
Stiffness Matrix Update
() Constant stiffness m
#® Update for each st
() Update for each i

Other Nonlinear Optigns
[ specify divisigns of incremental steps

= |lan

rix {(no update)
of load increment
ration within a step

Cancel I

ahd

Yo

solution scheme to all stages

|- constant solution scheme

Solution Step lteration Scheme
Stage LoadSteps & of lterations
1 1 1
2 2 3
3 2 5
4 3 ]

5 3 5

1] 3 ]

7 5 5

8 ] ]

9 5 5

10 ] ]

11 5 5

2 s 5

5 | (Ccancel J[_ox._||
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Processing of heat conduction and seepage analysis

Processing of heat conduction analysis is basically the same as that of structural
analysis. But a seepage analysis should go through iterative processes of
determining the phreatic flow surface which is not necessary in a structural or a
heat conduction analysis.

« Setting analysis options for heat conduction analysis

A steady state analysis of a heat conduction problem requires only one cycle of
equation assembly and solution process which is identical to the processing of a
linear static analysis of a structural problem. This type of processing is described
already in "Processing of structural analysis" section of this chapter, and is not
repeated here.

« Setting analysis options for seepage analysis

Although both the seepage analysis and the heat conduction analysis are based on
the same governing equations, the processing of seepage analysis is different from
that of the latter because it requires an iterative procedure determining the
phreatic flow surface.

Seepage Analysis Options

ly

2 Skyline () Sparse

tions

element numbers.

node numbers.
rthe process.

matrix for reanalysis
s available disk space
1worary files for safety

Datum (Coordinate of zero height) |3 datum level Ho

Unit weight of fluid 1 unit weight of fluid

Number of time steps 1 number of time steps (only for transient analysis)
Time step size 1 sBL length of a time step (only for transient analysis)

maximum number of iterations

convergence criterion for iteration
Error tolerance for convergence 1 a (error percentage in head)

Number of iterations within a step |10

Open head increment 0.1 maximum head increment
within an iteration cycle

Criterion for open head modification . e
@ By elevation @ By pressure criterion for modifying the open
¥ Y p head in each iteration

inate Axis
&Y a2 Other Analysis Options
[ specify unequally spaced time steps
[ Keep results of intermediate steps
Cancel ] [ 0.K. ]

direction of elevation

(used only for 3-D models)

The editable text items of the dialog requires inputting the following values:

< Datum (Coordinate of zero height) : datum elevation. The hydraulic head is
set to 0 at this level.
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Ho=Datum

< Datum level>

Unit weight of fluid : The unit weight of fluid is used in converting the head
to fluid pressure.= Number of time steps : the number of time steps involved
in the transient analysis. This value is ignored in a steady state analysis.
Time step size : the length of time between two consecutive steps. This value
is ignored in a steady state analysis.
Number of iteration within a step : The phreatic surface is determined by
iterative computation. This value specifies the maximum number of
iterations determining phreatic surface in a steady state analysis. This value
is also applied to a transient analysis as the number of iterations within each
time step.
Error tolerance for convergence : Another criterion for finishing the iterative
process is base on the maximum difference of phreatic surface elevations
between the current and the last iterations. One of this and the above criteria
is met, the iterative processing is terminated.
Open head increment : The limit of increment in modifying the open head in
a iteration cycle.
Criterion for open head modification : The open head is incremented on the
basis of this criterion.
"By elevation": If this option is on, the node with lowest elevation is searched
along the open head boundary, and the phreatic head is set to the head of
node. If more than one node has the lowest elevation, only the node with
the maximum pressure will be used to set the head
"By pressure": If this option is on, he node with maximum positive pressure
is searched along the open head boundary, and the phreatic head is set to the
head of node.
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Processing stages

Processing is divided into a few stages, and a message dialog shows the progress of
each stage. Processing can be interrupted or resumed in the middle, if necessary.
If there is any problem in solving the equations, appropriate message is displayed
and processing aborts.

« Progress of processing

While the processing is going on, its progress is indicated on a modal dialog as
shown below. The progress is displayed in 3 stages. If the frontal solver is
adopted, “Assembling element”, “Back substitution”, and “Stress recovery and
smoothing” caption is posted on the dialog to indicate the processing stages. If
skyline solver is used, “Matrix decomposition” is posted at the second stage.
During the first stage, the element matrices are assembled. The dialog shows the
total number of elements as well as the number of elements assembled so far. For
nonlinear analysis or sequentially stage analysis, the stage No., the load
incremental step No. and the iteration No. are also displayed in the dialog. In case
of frontal solver, not only assembly but also decomposition of the equations are
going on at this stage.

The number of the element now being assembled
Total number of elements

Assembling element@f
[

For linear analysis

load incremental step No.
iteration No.

@Assemhling element 1135 of 7020
[ |

For nonlinear analysis

load incremental step No.
stage No. iteration No.

I
@Assemhling element 1135 of 7020.
[ |

For staged analysis
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In the next stage, the decomposed equations back substituted, if the frontal solver
is used. The progress bar starts from the beginning again.

Back-substitution.

(“stop | |[ Pause ||

If skyline solver is used, the system equations are decomposed at this stage. So,
the caption of the dialog is different.

Matrix decomposition

[ I

(“stop | |[ Pause ||

In the last stage, the strains (or gradient) and the stresses are computed at
integration points of each element, and their values are smoothed at each node.
The dialog appears as follows, and the progress bar starts from the beginning
again.

Stress recovery and smoothing

(“stop | |[ Pause ||

If the execution of processing is successfully completed, a beep sounds and the
following message dialog appears.

Processing completed

e

« Interrupting the processing

While the processing is going on, execution can be interrupted at any time either
permanently or temporarily by clicking [_5tep_| or [Pause | putton. If you press
Stop | button, execution aborts and the following message box appears.

Processing ahorted by user intervention
at  Sunday, 23 August, 1998 05:27:47 PM

e
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If you click button of the progress dialog, processing does not abort but is
temporarily suspended so that you may do other operations while the following
dialog stays on the screen.

Processing suspended by user intervention.

(“stop | [[Resume]|

Execution is resumed and the status dialog moves to the front when you click
Resume| pbytton of the dialog. Processing may be aborted at this stage by pressing

[LTI button.

« Abnormal termination of the processing

Processing may be terminated abnormally in the middle of execution due to one of

the following reasons.

Matrix files for reanalysis are not found or are mismatching: If the solution
stage is set as “Reanalysis” but necessary files for reanalysis do not exist or do
not match the data file, the processing cannot be executed. So, the operation
will abort with the following message box.

Matrix files not found or
mismatching!

e

The matrix files for reanalysis should reside in the same folder (or directory) as the
data file. And their name and extension should be compatible with that of the data
file. If the name of the data file is “mydata” , for example, “mydata.mtx” and
“mydata.fro” should exist in the same folder (or directory).

Insufficient memory space: If “Skyline” is chosen as solver option, but the
CPU memory space is insufficient, then the software will let you to allow
automatic switch to “Frontal” as already explained in the previous section. In
case “Frontal” is chosen as solver option and the CPU memory space is
insufficient, the processing aborts with the following message box.

Insufficient memory for frontal
solver. Try again after optimizing
element numbers, or saving the file.

[ cancel | [ ok |
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The required memory space for “Frontal” solver may be reduced by optimizing
element numbering. If a memory insufficiency problem persists even after element
number optimization, more computer memory should be secured for VisualFEA.
Equation ill-conditioning: If the assembled system equations are ill-
conditioned, numerical difficulty arises in solving the equations, and thus the
processing aborts in the middle with the following message.

Processing failed due to eguation ill-conditioning.

Equation No. T
Value 1.738498e+06

o<

The possible causes of equation ill-conditioning are as follows.
Poor element shape or element connectivity : The element stiffness matrix
may have numerical singularity due to unacceptably distorted shape or due
to improper connectivity. If such is the case, improve the element shape and
connectivity by carefully regenerating the finite element mesh again.
Insufficient constraints : The system equations may have rank deficiency
due to insufficient constraints or boundary conditions. In this case, check
the boundary conditions and add more constraints if necessary.
Irrelevant element properties: Element stiffness matrices may have been
spoiled by irrelevant values of element properties. To avoid such problem,
check the contents of element property sets.
insufficient integration order: The stiffness matrix may have spurious zero
energy modes due to insufficient integration order. In order to remove
spurious zero energy modes, adopt an integration scheme of higher order.
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Interactive real time processing

VisualFEA has the capability of interactive real time processing for truss and frame
analysis. Interactive real time processing means that the cycle of data modification,
subsequent processing, and graphical visualization of the analysis results is formed

Optimize Node No.
Optimize Element No.

Element Type 3
Integration 5cheme...

Stiffness Matrix »
Analysis Info

Register Process...
Process »

+ Auto Solve
Solve

| Diagram |

Axial Force
Shear Force
Bending Moment
Reaction
Displacement

Clear Diagram
Redraw Diagram
Reverse Diagram
Reverse Element
Adjust Diagram Scale

» Instant Redrawing
Curve MNormal Mode
Show Yalues
Selected Member Only

in real time. Thus, you can see the changing response as you add or modify the
data.
For analysis types of 2-D truss, 3-D truss, 2-D frame and 3-D frame,
interactive real time processing is the default mode. “Auto Solve” item of
menu is enabled only for these analysis types. The interactive real
time analysis mode can be turned on or off by checking the menu item. If
the mode is turned off, the normal procedure of processing applies, as
described in the previous sections.

If the mode is on, you don’t have to select “Solve” item from menu.
Instead, you have to designate the data item to display from
menu. Whenever you add or modify the data, the processing is executed
automatically, and the display of the analysis results is updated immediately.
The progress bar does not appear during processing.

Furthermore, if “Instant Redrawing” item of menu is checked,
the diagrams representing the analysis results are automatically updated
immediately after any change in the modeling data. Modification in
geometries, attributes, boundary conditions, or load conditions of the model
is reflected in the currently displayed diagram instantly.

An example of interactive real time analysis is shown in the following figure.
The example shows that the bending moment diagram is displayed directly
by selecting the corresponding menu item. There is no need to invoke
explicitly the processing stage. The diagram is updated at the moment the
load condition is altered. Likewise, the diagram will be changed as you
modify the boundary conditions or element properties. Thus, the responses
to varying external effects or attributes can be examined interactively.

Solve

On the other hand, interactive real time analysis may sometimes hamper the
responsiveness of the software, when the size of the problem is too large to get
enough speed in processing one cycle. In such circumstances, you may suppress
the options, by unchecking “Instant Redrawing” of menu. In addition,
the progress bar can be shown while processing goes on, if “Auto Solve” item of
menu is unchecked as well.
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=313

i

1. Model the structure, and assign attributes,

i

boundary conditions and load conditions.

=3.133

=3.133

2493

2.493

3. Bending moment diagram is displayed.

=3.133

=3.133

2493

2.493

5. Select the point load.
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=133

=5.133  -7.589

Finite Element Processing

| Diagram

Axial Force
Shear Force

Bending Moment .

+ Instant Redrawing
Curve Normal Mode

+ Display Yalues
Selected Member Only

2. Choose “Bending Moment” menu item.
Make sure that “Instant Redrawing”

item is also checked.

Assign
Assign
Check

Element Property
Structural Boundary
Heat Boundary
Load Condition
Element Connectivity

4. Choose “Load Condition” menu item.

=7.389

=-G.941

2203 2,853

6. Drag the point load to the right.
Then, the bending moment
diagram changes subsequently.

< Example of interactive real time processing>
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Other Functions Related to Processing

The computational efficiency of processing depends on a number of factors like
node numbering, element numbering, integration scheme, and so on. They can be
manipulated to improve the efficiency.

Optimizing node numbering

If “Skyline” solver is used, the required memory and the computing time is
directly related to the band width of the system equations. The band width is
determined by the node numbering. Therefore, node numbering is very important.
However, nodes are numbered initially in the order of their creation during the
modeling stage. It is desirable to renumber the nodes before processing stage so
that the band width is minimized. This procedure is called node number
optimization.

Node number optimization can be dictated as an optional item to be done before
processing as explained in the previous section. This option, however, may cause
redundant repetition of the operation, if the same modeling data are used for
multiple analysis. This redundant operation may be avoided by doing the node
number optimization once and executing the processing multiple times without
the optimization option.

Node number optimization can be invoked by choosing “Optimize Node Number”
item from the menu. A dialog shows the intermediate state of progressive band
width reduction and the final half band width (HBW) after the completion of
optimization. If you click @ button, the nodes will be renumbered as
optimized. If you click @ button, the optimization is ignored and the old
node numbering will be retained. Save the file in order to keep this renumbering
for future processing.

Completed node number optimization.

Original HBY 4110
Reduced HEW 354

It should be noted that the optimization does not mean absolute minimization of the band
width, but means relative reduction of the band width. There may exist a node numbering
with smaller band width than the optimized one. However, it is too time consuming or not
feasible to find the numbering with this absolute minimum band width.
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Optimizing element numbering

If “Frontal” solver is used, the required memory and computing time are directly
related to the critical frontal length of the system equations. The critical frontal
length is determined by the element numbering. Similarly to node number
optimization, it is desirable to renumber the elements before processing stage so
that the critical frontal length becomes the minimum. This procedure is called
element number optimization.

Element number optimization can be dictated as an optional item to be done before
processing as explained in the previous section. This option, however, may cause
redundant repetition of the operation, if the same modeling data are used for
multiple analysis. This redundant operation may be avoided by doing the element
number optimization once and executing the processing multiple times without
optimization option.

Element number optimization can be invoked by choosing “Optimize Element
Number” item from menu. A dialog shows the intermediate state of progressive
reduction of critical frontal length and the final critical frontal length after
completion of optimization. If you click button, the elements will be
renumbered as optimized. If you click button, the optimization is
ignored and the old element numbering will be retained. Save the file in order to
keep this renumbering for future processing.

Element numbering has been optimized
with frontal length reduction

from 8383 to 249

It should be noted that the optimization does not mean absolute minimization of the critical
frontal length, but means relative reduction of the critical frontal length. There may exist
an element numbering with smaller critical frontal length than the optimized one.
However, it is too time consuming or not feasible to find the numbering with this absolute
minimum critical frontal length
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Setting output items

= output items: Only the checked items are computed during the processing
and accordingly are accessible for postprocessing or text output. Depending
on the subject of analysis, either structural analysis related items or heat
transfer related items are enabled and the others are disabled.

Qutput Items

Structural Analysis ltems

] Reaction

B4 Mormal Stress

B Principal Stress
B Princ Stress Dir
B4 Equivalent Stress
B Yield Factor

[ ¥elocity

Heat Analysis Items

O Temperature
] Heat Flux Norm
[ Gradient

Displacement

b Normal Strain

B4 Principal Strain

B4 Princ Strain Dir

[ Effective Plastic Strain—]
[ Strain Energy Density

[J Acceleration

] Heat Flux
[] Heat Flux Dir
[ Gradient Norm

Cancel I

| Data of checked items are computed and
saved
for text or graphic output.

| The dimmed items indicate that the corresponding
data are unavailable from the analysis.

”

| Either ‘Heat Analyis Items” or “Seepage Analysis Items
appears
depending on coupling with the structural analysis.

Specifying integration scheme

In order to change the integration scheme, select “Integration Scheme...” item from
menu. Then “Integration Scheme” dialog box appears as shown below.
Select the element shape (and order) from the popup menu of the dialog.

Integration 5cheme

Element shape

Popup Menu Items

| 3Node Triangle #] 1| 3NodeTriangle
. 6 Node Triangle
@ 1 Foint 4 Node Quadrangle
3 3Points 8 Node Quadrangle
3 7 Points 4 Node Tetrahedron
10 Node Tetrahedron
[ Cancel ] [ 0.K. ] 6 Node Prism
15 Node Prism
8 MNode Hexahedron
Integration 20 Node Hexahedron
schemes

Then, alternative integration schemes for the element shape are displayed as radio
button items. The radio button corresponding to the current setting is marked.
The integration scheme can be changed simply by turning on the radio button of
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the desired scheme. After changing the schemes of the relevant element shapes,
click button. The integration scheme of each element shape is applied in
computing the element stiffness matrix of the respective element shape.
VisualFEA uses numerical integration(Gauss quadrature) in evaluating the
stiffness matrix. The computing time, accuracy and stability of the system
equations depend greatly on the integration scheme. There are default schemes
preset for various element shapes as shown in the following table. These
integration schemes can be altered if desired.
<Integration scheme>

Element Integration Schemes No. of | Default
Shape Nodes| Scheme
3 1
Triangle
1 3 7 6 3
4 1
Quadrangle
i 8 2°2
1 22 33
4 1
Tetrahedron
10
1 4 5 4
6 1
Prism
15 2°3
1
4' » g | 222
Hexahedron
20 | 2722
1 2722 333
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Displaying analysis information

The state of analysis and related information is displayed as exemplified below by
selecting “Analysis Info” item from menu. The information includes the
time and memory space required to solve the problem.

The problem was solved successfully.

Total available memory : 13863520 bytes
Total consumed memory : 2382804 bytes
Memory for environment : 1345600 byvtes

Memory for geometry ; 847300 byvtes
Memory for solution : 189904 byvtes
Total solution time : 0: 0:22:41
Time for data input : 0:0:0:12
Time for equation : 0: 0:15:41
Time for smoothing : 0: 0: 6:48

The above information is displayed only in case the problem was successfully
solved in the current session. If it was solved in the previous session, the
following message will be displayed.

The problem was solved in previous session.

If the problem has not gone through processing, the following message will be
shown.

The problem has not been solved.

If the processing was canceled in the middle, the following message will be
displayed .

Processing aborted by user intervention
at Saturday, 29 August, 1998 09:43:39 PM
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Various kinds of data are generated as the result of finite element analysis. They
are displacements, stresses, strains, principal stresses and their directions, etc. in
case of structural analysis. Temperatures, heat fluxes, heat flow directions and
other data are obtained from heat transfer analysis. All of these analysis results are
given in the form of numerical data. Their volume is huge and their content is very
complex in most cases. Accordingly, it is extremely difficult to grasp the analysis
results from these output data.
Postprocessing is the stage to process the analysis results and visualize them
graphically so that their contents can easily be interpreted or understood. There
are a number of functions related to visualizing data. They create two types of
images. One is surface image type and the other is diagram type. The former type
is applied for data in surface or volume space such as plane elasticity, plate, shell,
or 3-D solid analysis. And the latter is applied to data on line or curve space such
as truss or frame analysis. Thus, one of the two different menu titles, or
Diagram , appears on the menu bar depending on the type of analysis. Postpro
menu appears when the analysis type is one of the following:

= Plane stress

= Plane strain

= Axisymmetric

= Plate bending

< Shell

- 3D solid

= Plane heat

= Axisymmetric heat
= 3D volume heat

= Plane seepage

= Axisymmetric seepage
= 3D volume seepage

And, Diagram menu appears when the analysis type is one of the following:

e 2-D truss
« 3-D truss
e 2-D frame
« 3-D frame

Postprocessing for trusses and frames is detailed in Chapter 8. Only
postprocessing of continuum analysis is described in this chapter.

Whenever the analysis type is altered by “Project Setup”, the menu title is changed
to the relevant one. Both and Diagram menus appear on the menu bar, if
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truss or frame members are included within an analysis of continuum structures.
Each of the two menus has items appropriate for the given analysis type.

For analysis types other than truss and frame, the data distribution is expressed for
points on surfaces or in 3-D volumes. These are the cases where LERUILE menu
appears on the menu bar, as described in the previous page.

The data obtained from continuum analysis can be divided into two types. One is
scalar data, and the other is vector data. Scalar data have information of
magnitude only. The following functions are provided as items under
menu for visualization of scalar data:

= displaying contour image

= displaying iso-surface image
= curve plotting

= surface plotting

Vector data have information of magnitude and spatial direction. There are the
following functions under menu for visualization of scalar data:

= displaying vector image
= displaying deformed shape
= nodal resultant
There are also other auxiliary functions related with postprocessing. VisualFEA

has the capability of image handling and animation. Related commands are
provided under LEGILE menu.

|

Contour...
Iso-surface...
Curve Plot...
Surface Plot...
Yector...

Seepage
Modal Yalues

Mode Shape

Deformed Shape

Multi=-step Yiew
Dynamic Response—{—— Start displaying dynamic response

L Display contour image of the data

- Display isosurface image of the data

L Start curve plotting mode

L Display the data by surface plotting image

—— Display vector image of the data

- Display the deformed shape of the model

- Display the seepage analysis results

[ Display the numerical values of the nodal resultants
L Start multi-step view mode

el || ]]

- Start displaying dynamic mode shapes

Open Image...
Save Image...
Capture Image

—— Open an image file and display the image
—— Save the screen image in a file
- Capture the screen image

Play Animation.
Make Animation...

—— Open an animation fole and play the animation
— Create an animation and save it in a file

Show Scale

] ]

—— Show or hide scale bar
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Visualizing Scalar Data by Contours

Contour...
Iso-surface...

Curve Flot...

Surface Plot...
Yector...

Deformed Shape P
Seepage

RN

—hlodalye-r

Contour band D
1. 400E+00

Contouring data is the most frequently used method of visualizing finite
element analysis results. This method is appropriate for visualizing the
distribution of scalar data, such as stress, strain or temperature, on planes or
surfaces. Each contour represents a continuous curve on which the value of
the scalar data is uniform. Thus, gradual variation of data on the planes or
surfaces is scaled by a number of contours.

In order to improve the visual effect, VisualFEA renders colored contour
bands instead of contour lines. The entire span of the scalar value is divided
into a number of sub-spans. Each sub-span is represented by a contour
band. The numerical values represented by border lines of contour bands
are indicated in the contour scale bar which appears together with a contour
image.

One weakness of contouring is its incapability of visualizing the data
distribution inside of 3 dimensional volume. Auxiliary planes like cut
plane, cross planes and parallel planes are used as volume visualization aids
to make up for this limitation.

Content of the contoured data

\
Contour :

T

Maximum contour
scale value

2.930E+00)  Contour scale values

Contour scale bar

B

5. 342E+00
4. 683E+00D

3. 043E+00

—2.472E-01

Contour line
-1.895E+00

—3.542E+00

—-5. 129E+00

—-6.837E+00

-2 . 484E+00

Minimum contour
scale value

< Contour image >
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Setting contouring options

In oder to get contour image of a data set, first select “Contour...” item from
menu. Then, “Contour Display” dialog appears on the screen. There are
a number of items in this dialog. Each item has a default setting. Change the
setting if necessary. You may also specify the scale of contour bands. Click
button if every item is set as desired. Then, the contour image will be
displayed with a scale bar which indicates the ranges of data values represented by
contour bands.

Contour Display

Contour Item

[ Normal Stress X i} popup menu to select the contouring data item

Contouring Object

[ All Objects i} popup menu to designate the contouring object
No. of Bands radio buttons to set the number of contour bands
5 ®10 320 O30 O Max
Contouring Method radio buttons to select the contouring method
() By Polygon # By Pixel
Boundary Surface Rendering 1 radio buttons to select the method of representing
@ Wireframe (3 Opagque he boundary surface
{J Transparent (3 Outline 3 None
B With Shading check box to add shading effect.
[1 Show Cut Plane / Cross Plane — 1 check box to dispaly boundary of cut/cross plane.
[ Show Surrounding Cube — 1 check box to show the surrounding cube
[] Range Scale Based On ¥isible Parts ] check box to have the scale ranged only for visible parts

l Set Contour Scale 47 |- button to start contour scale setting

[ ok. ]| [cancel]

<”Contour Display” dialog >

« Selecting the data item

The popup menu in “Contour Display” dialog has the list of data items which can
be displayed by contouring. One of the items should be selected from this popup
menu. The data associated with the currently selected popup menu item is
rendered in contour. The first item is always selected initially when the “Contour
Display” dialog is first opened. But the item used for last contouring will be
selected automatically when the dialog is opened next.

The popup menu items vary depending on the analysis type. Only those output
items appropriate for contouring appear on the popup menu. They are shown
below.

All the items are not always shown in the popup menu. If you exclude any of the
output items in “Analysis Options” dialog described in Chapter 6, the
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corresponding item(s) will not be shown.
If you are using an external solver, the menu items may be different from those
shown below, because the popup menu items can be customized by the external

alysis 7-5

Mormal Stress X
Mormal Stress Y
Shear Stress XY

Mormal Strain X
Mormal Strain Y
Shear Strain X¥

Princ Stress 1
Princ Stress 2
Yon Mises Stress

Princ Strain 1
Princ Strain 2
Yon Mises Strain

Displacement X
Displacement Y
Displacement Norm

Moment X
Moment¥
Moment XY

Curvature X
Curvature Y
Curvature XY

Princ Moment 1
Princ Moment 2

Princ Curvature 1
Princ Curvature 2

Displacement Z
Rotation X
Rotation ¥

Displacement Norm

Plane stress/strain

Mormal Stress X
Mormal Stress Y
Circumferential Stre
Shear Stress XY

Mormal Strain X
Mormal Strain Y
Circumferential Stra
Shear Strain X¥

Princ Stress 1
Princ Stress 2
Yon Mises Stress

Princ Strain 1
Princ Strain 2
Yon Mises Strain

Displacement X
Displacement Y
Displacement Norm

Plate bending

Temperature
Heat Flux Norm

Flux in X Dir
Flux in ¥ Dir

Plane/axisymmetric heat

Temperature
He at Flux Norm

Flux in X Dir
Flux in ¥ Dir
Flux in Z Dir

Axisymmetric

3-D volume heat

Membrane Stress X
Membrane Stress Y
Membrane Stress XY
Membrane Stress ¥7
Membrane Stress ZxX
Moment X
Moment ¥
Moment XY

Membrane Strain X
Membrane Strain Y
Membrane Strain XY
Membrane Strain YZ
Membrane Strain ZX
Curvature X
Curvature Y
Curvature XY

Princ Stress 1
Princ Stress 2
Princ Stress 3
Princ Moment 1
Princ Moment 2
Yon Mises Stress

Princ Strain 1
Princ Strain 2

Mormal Stress X
Mormal Stress Y
Mormal Stress 7
Shear 5tress XY
Shear 5tress YZ
Shear 5tress 7xX

Normal Strain X
Normal Strain Y
Normal Strain Z
Shear 5train XY
Shear 5train ¥Z
Shear 5train £&X

Princ Stress 1
Princ Stress 2
Princ Stress 3
Yon Mises Stress

Princ Strain 1
Princ Strain 2
Princ Strain 3
Yon Mises Strain

Displacement X
Displacement ¥
Displacement 7
Displacement Norm

Princ Strain 3

Princ Curvature 1
Princ Curvature 2
Yon Mises Strain

Displacement X
DisplacementY
Displacement Z
Rotation X
Rotation ¥
Displacement Norm

Shell

<Popup menu selecting the contouring data item >

« Designating the contouring object

3-D solid

The object of a contour image is not necessarily the entire model. Contours may be
drawn only on the selected part of the model, or on a pre-defined object such as a
cut plane, cross planes, or parallel planes. These planes are defined using

respective tools, [F, &

Contouring Object

| All Objects

=] All Objects

Selected Objects
Cut Plane

Cross Planes
Parallel Planes
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= “All Objects”: Contours are rendered on all objects, that is, on all the surfaces
included in the model. In case of a 3-D solid structure or volume heat model,
all boundary surfaces are used for contouring.

= “Selected Objects”: Contours are rendered only on the selected surfaces or
volumes. In the case of a volume, its boundary surfaces are used for
contouring. This popup menu item is active only when at least one or more
objects are selected using or tool, prior to opening “Contour
Display” dialog.

= “Cut Plane”: Contours are rendered on the cut plane. This popup menu item
is active only when the cut plane is defined using tool, prior to opening
“Contour Display” dialog. The method of defining the cut plane is described
in the latter part of this chapter.

= “Cross Planes”: Contours are rendered on the cross plane. This popup menu
item is active only when the cross planes are defined using [ tool, prior to
opening “Contour Display” dialog. The method of defining the cross planes
is described in the latter part of this chapter.

= “Parallel Planes”: Contours are rendered on the parallel planes. This popup
menu item is active only when the parallel planes are defined using |fi#] tool,
prior to opening “Contour Display” dialog. The method of defining the
parallel planes is described in the latter part of this chapter.

Selected objects Cut plane Cross planes Parallel planes

<Various contouring objects>
« Setting the number of contour bands

The contour image has a number of contour bands, each of which represents a
certain range of data value. The number of bands is initially set as 10 by default.
This default setting can be changed by clicking the radio button labeled with the
desired number of bands, which should be one of 5, 10 , 20, 30 and Max. If you
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choose “Max”, the contour image will be rendered with as many bands as possible
using the available colors. In this case, the color variation is so smooth that the
boundaries between contour bands may not be recognizable.

.? -

7.990

6.342

4.605

3.043

1.400

-0.247

-1.885

-3.542

-5. 138

-6.837

-8.484 -g .48

Number of contour bands =5 Number of contour bands = 10

7.990
7. 168
6.342
5.518
4.695
2871
2.048
2.z24
1.400
0.578
-0.247
-1.071
-1.885
-2.718
-3.542
-4.366
-5.189
-5.012
-6.837
-7 660

-g.484

Number of contour bands = 20 Number of contour bands = 30 Number of contour bands = Max

<Comparison of number of contour bands>

« Selecting the contouring method

VisualFEA creates contour images either by polygon fill or by pixel painting.
Contouring by polygon fill is faster, while pixel painting produces better quality
image. You can select either one of the two using the radio buttons in the dialog.
The initial default setting is “By polygon”, but can be changed by the preference
setting.
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« Selecting the style of boundary surface rendering

Boundary surface rendering is applicable only in case the contouring object is set as
a cut plane, cross planes or parallel planes defined prior to starting “Contour
Display” dialog.

“Wireframe”: The boundary surfaces are rendered in the form of wireframe.

The hidden lines are removed from the wireframe rendering.

= “Opaque”: The boundary surfaces are rendered by opaque shading. The
front side of the cut plane, cross planes or parallel planes are rendered
together with the boundary surfaces in the back sides.

= “Transparent”: The boundary surfaces are rendered in transparency shading.
The cut plane, cross planes or parallel planes are rendered as opaque objects
surrounded by transparent boundary surfaces.

e “Qutline”: The outlines of the boundary surfaces are extracted, and
represented together with the contour image on cut plane, cross planes or
parallel planes.

< “None”: The contour image is displayed without boundary surface

rendering.
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With wireframe mesh With opaque shading With transparent shading With outline

<Styles of boundary surface rendering>

« Turning the shading effect on or off

It is desirable to add shading effect on contour images of 3 dimensional objects, in
order to maintain the 3-D view after contouring. Shading effect can be turned on
or off by checking or unchecking the check box labeled “With Shading”. Addition
of the shading effect will require more time for contouring. For 2 dimensional
planar models, the shading effect will not be applied regardless of this option.
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« Displaying the boundary of cut or cross planes

The boundary lines of a cut plane or cross planes are displayed together with the
contour image, if “Show Cut Plane/Cross Plane” box is checked. This option is
valid only when the contour is drawn over the cut plane or the cross planes
defined prior to starting “Contour Display” dialog.

« Displaying the cube surrounding the entire model

The cube surrounding the model is displayed together with the contour image, if
“Show Surrounding Cube” box is checked. This option is valid only when the
contour is drawn over the cut plane or the cross planes defined prior to starting
“Contour Display” dialog.

« Limiting the range of contour scale by actually displayed values

The contour image is not always drawn for the entire model. A contour image
may be drawn only on the selected parts or on the visible parts. In such cases, the
range of the actually contoured data may be much narrower than that of the whole
data. The scale of the contour can be adjusted to the actual range of the displayed
part rather than that of the entire model, by checking the box labeled “Range Scale
Based On Visible Parts”.

3283

2. 166

=2.?25
=
|

Range of actually
displayed values

-1.744

-2.303

Original contour scale Contour scale magnified by
limiting the range of the value

<Limiting the range of the contour scale>
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Setting the contour scale

The contour scale is determined automatically on the basis of the number of
contour bands, and the minimum and the maximum values of the data to be
contoured. The gap between the maximum and minimum values is equally
divided by the number of contour bands so that the intervals of adjacent two scale
values are uniform. However, the scale values can be adjusted as desired. In order
to adjust the contour scale, first click [_Set€ontourScale | button in “Contour
Display” dialog. Then, “Contour Scale” dialog will appear on the screen. The
contour scale values can be modified using this dialog.

Contour Scale
2.268 a @ |- Editable text of scale value
1.966
1.663 Format: | p.oop = - “Format” popup menu
1.361 : :
f | To specify a value aligned by
Al t
:_Iggg [J Alignmen one of the scale value
0454 i . . .
0.152 [ Scale Truncation——} To specify the decimal point
-0.150 of truncation
-0.453
-0.755 [ Ssymmetry ———} To make the scale values
-1 '05? symmetric about the specified value
=1.360 L .
-1.662 [0 Weighted Spacing ,TO}:I|r\]/|d§ the spale values with
y weighted spacing
-1.964
'gggg |- Button to import a set of scale values
-2.871
-3.173 [ Read ] [ Save + | Button to export a set of scale values
=3476 ||
-3.778 - [ Cancel ] [ 0.K. ]|

The scale bar bears the same values and This scroll bar becomes active only
formats set by “Contour Scale” dialog. when the number of scale values are greater than 20.

<Scale bar and “Contour Scale” dialog >
» Editing the scale values

The lower and the upper limits of each contour band are represented by the values
marked on the contour scale. These values may be modified by editing the
corresponding text individually. The text can be edited by the following steps.

1) Select the scale value for modification by clicking it.
The selected value is highlighted with reversed background, and reflected in
the editable text box.

2) Edit the text in the editable text box.
The scale value is modified to reflect the text editing.
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3) Repeat step 1) and 2) for all scale values to modify.
This modification mode is terminated by clicking any other buttons, check
boxes or editable texts.

1. Select the value to modify.

The selected value is reflected
in the editable text box.

Contour Scale

2.268
1.966
1.663
1.3681
1.059

0.756

2.268 =
1.966
1.663 Fefmat: | p.000 Y
1.361 )
1.059 O Alignment
0.736
0.152 [ scale Truncation
-0.150
2. Edit the text.
Contour Scale
2.268 = 0.625
1.966
1.663 ormat: | p.ooo -

1.361
1.059 /
0.756

The modified values are
shown on the scale bar.

[.b
0.152
-0.150

O Alignment

[ Scale Truncation

The scale value is modified.

<Editing scale values >

» Setting the format of the contour scale

The contour scale values may be displayed in a number of different formats. The
format can be set using “Format” popup menu in the dialog. The popup menu
includes the various format items shown below. Select the desired item from the
popup menu. Then, the text of the scale values shown in the dialog will be
changed immediately. At the same time, that format will apply for future display.



7-12 Chapter 7 Postprocessing of Continuum Analysis

Contour Scale
0.0
o 2.27E+00 2.27E+00 0.00
. 1.97E+D0 1.97E+00 e
I.aEsm 1.66E+00 Format: | 0.00EDD 0.0000
. 1. e 1.36E+00 L 0.00000
e <—— [1.06E+00 < | | [JAlignment 0.0E00
7.56E-D1 F.060E-01 0.00EDD
4.54E-D1 4.24E-01 . 0.000E0D
\ e 1.52E-01 [ Scale Truncation 0.0000EDD
-1.806-01 =1.30E-01
The texts of the scale values are Select the desired format item
displayed in the selected format. from the popup menu.

<Setting the scale format >
« Aligning a contour to the specified value

It is sometimes necessary to display a specific value by a contour line. This can be
achieved by forcing one of the scale values to be aligned to the specified value.
Check “Alignment” box by clicking it. Then, an editable text item appears below
the check box. Insert the value specifying the alignment into this text box. The
scale values are rearranged so that one of the values matches the specified value.

Contour Scale
N e —
1.951
1.634 Format: | 0.000 =
1.317 - 1. Click the check box to
1.000 - | E‘Ahgnment turn on the alignment.
\\ |
0.683 IE— 2. Insert the value of
0.366 _ alignment.
0.049 [ Scale Truncation
-0.268

The specified alignment value appears on the scale

<Specifying the alignment value>
« Truncating the scale values at the specified decimal point

The scale values may be determined so that each of them is truncated at the
specified decimal point. Check “Scale Truncation” box by clicking it. Then, an
editable text item appears below the check box. Insert into this text box the value
indicating the decimal point for truncation. The scale values are computed again
with the specified truncation. The other rules of computing the scale values
continue to be applied in determining them.
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Contour Scale

=

Format: | p.ooo -

-

O Alignment

1. Click the check box to
turn on the truncation.

IéScale Truncation

[— 2. Insert the truncating

O symmetry value.

All the scale values are truncated as specified.

<Truncating the scale values>
« Getting symmetrically arranged scale values

It is sometimes useful to have the scale values arranged symmetrically about a
specified value. Check “Symmetry” box by clicking it. Then, an editable text item
labeled “About” appears below the check box. Insert the value specifying the
central value of the symmetry into this text box. The scale values are reset so that
the scale values are arranged symmetrically about the specified value.

Contour Scale

3.778 3.778

3400

3.022 Format: | p.ooo Y
2645

2.267 [ Alignment

1.889

1.511

1.113 []5cale Truncation
0.756

1. Click the check box to

0,378
|o.000 L é Symmetry turn on the symmetry.

=-0.378 |7 About Elif 2. Insert the central value

=-0.736 of symmetry.

-1.133 [ Weighted Spacing

=-1.511

-1.889 The scale values are arranged
-2.267 symmetric about the central value.
-2.645

-3.022 [ Read | [ save |

=-3.400
i H e C=J)

<Arranging the scale values symmetrically>
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« Spacing the scale values with weight

The scale values are determined initially such that they are spread with uniform
spacing between the minimum and the maximum data values. This uniform
spacing may be altered to a weighted spacing. In other words, the spacing can be
made to vary gradually from top to bottom with given weight. The weight is either
the ratio between the space of top band and the bottom band, or the ratio between
the central and the end bands, depending on whether the arrangement of the scale
values is symmetric or not.

If the arrangement is symmetric, editable text boxes labeled respectively as
“Center” and “End” appear under the “Weighted Spacing” check box, when this
box is checked.

If the arrangement is symmetric, editable text boxes labeled respectively as “Top”
and “Bottom” appear under the “Weighted Spacing” check box, when this box is
checked.

Top|
spade

Bottom

space

=3.16
/3—2-35/_ I Cancel ] I SES:CE @‘/_ I Cancel ] I

Contour Scale Contour Scale
I S O I I
3.162
Format: | g.ooo = 2617 Format: | g.ooo =
. 2.135 .
[ Alignment 1.708 [ Alignment
1.330
. 0.995 .
[ Scale Truncation 0.699 [ Scale Truncation

0437
0.205
O Symmetry . M Symmetry
Middje .000 ="
space =0.205 \ About I:I
-0.437

& Weighted Spacing -u:ﬁgg eighted 5pacing
Tap =-0.995 Midd
L] 70995
Bottom [3 | -1.708 End

=2.135
/r Read ] [ Save ] -2.617 Read ] [ Save ]

Without symmetric arrangement With symmetric arrangement

<Spacing the scale values with weight>

« Possible combination of contour scale options

As described above, there are options for adjusting the contour scale values,
namely “Alignment”, “Scale Truncation”, “Symmetry” and “Weighted Spacing”.
An option can or cannot be used in combination with others. The allowable
combinations are summarized below.

If two options are not compatible, one option is automatically turned off when the

other option is turned on. For example, “Alignment” and “Symmetry” cannot be
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used at the same time as shown in the table. Thus, checking *“Symmetry” option
will automatically uncheck “Alignment” option, if it is turned on.

<Possible combinations of contour scale options>

Possible combinations Options
M O O L M | O 1 | Alignment
[ A O O %} ¥} O Scale Truncation
O O % O M [ | Symmetry
D i O %) | O M | Weighted Spacing

« Saving contour scale values

A set of contour scale values can be saved in a file for future use. Click
button in the dialog. Then, a standard file saving dialog appears. The file is
initially named as “untitled.cnt”, but can be substituted by any other name. The
extension “.cnt” is attached simply to facilitate the identification of contour scale
files, but not always required. The number of contour bands as well as all the
contour scale values are saved in the designated file.

« Reading contour scale values

A set of contour scale values can be retrieved from a file with previously saved
contour scales. Click button in the dialog. Then, a standard file opening
dialog appears. Browse the dialog and find the desired file with contour scale
values. Only files with contour data values will appear in the browser. Opening
the file will immediately substitute the current contour scale values by the set in
the file.

Saving and reading contour scale values are useful functions when a common
contour scale should be applied to different data sets. In such case, the contour
scale should be determined wide enough to cover the range of all the data sets.
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Setting a cut plane for contouring

As described in the previous sections, the contours may be displayed on user-
defined auxiliary planes such as a cut plane, cross planes, or parallel planes. These
planes should be defined prior to contouring on them. “Cut plane”, “Cross
Planes” and “Parallel planes” items in the object type popup menu of “Contour
Display” dialog become enabled only when the corresponding auxiliary planes are
defined before opening the dialog.

A cut plane is a kind of volume visualization aid and can be used either as an
auxiliary plane for contouring, or as a plane splitting the selected object(s). This
section describes how to define a cut plane and how to use it as an auxiliary plane
for contouring.

« Activating the cut plane setting mode

The cut plane setting mode should be activated in order to start defining a cut
plane. This can be done by the following steps.
1) Start the volume selection tool by pressing button.
The program is now ready to select volume object(s) in the model.
2) Select object(s) in which the cut plane is to be defined.
Select one or more object(s) which form a continuous volume which will
contain the cut plane.
3) Start the cut plane setting tool by pressing button.
Get into the cut plane setting mode by clicking button in the tool palette.
Then, a rectangular box will surround the selected object(s). The initial state
of the cut plane is also shown within the box. At the same time, [Eilif menu
appears on the menu bar. This menu has items for cut plane setting and other
related functions.

Cut Object  —|—— Cut the selected object(s) by the defined cut plane

+~ No Constraint —}—— No contraint in the movement of the cut plane
Normalto X —t+—— Constrain the movement in the direction normal to X axis
Normalto¥ —f—— Constrain the movement in the direction normal to Y axis
Normalto Z —f—— Constrain the movement in the direction normal to Z axis
Custom Plane..——— Define the plane by custom input
ResetPlane  —— Reset the plane to the initial state

The cut plane setting mode is deactivated simply by activating other tool in the
tool palette.

« Setting a cut plane

The initial or the previous setting is shown, when the cut plane setting mode is
activated. There are 2 different ways of setting the position and the orientation of a
cut plane to the desired state.
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« Interactive setting by dragging the vertices, edges or face of the cut plane.
The position and orientation of a cut plane can be modified by interactively
moving the vertexes , the edges, or the face of the cut plane. Click one of the
vertexes, edges or face, and drag the selected part. The clicked part moves
along with the cursor. Repeat the above steps many times until the plane is
set at the desired position and orientation.
While setting the cut plane interactively, the movement of vertexes, edges or
face can be constrained by setting appropriate options in menu. The currently
effective option is indicated by a check mark in front of the corresponding
menu item.
“No Constraint” : free movement without constraint.
“Normal to X” : Movement is constrained to the direction normal to X.
“Normal to Y” : Movement is constrained to the direction normal to Y.
“Normal to Z” : Movement is constrained to the direction normal to Z.
« Custom setting by using “Cut Plane Setting” dialog.
Select “Custom Plane...” item from menu. Then, “Cut Plane Setting”
dialog appears. The dialog has editable text items for the coordinates of 3
points which are on the cut plane. The position and the orientation of the cut
plane are defined by inserting the coordinates in the text boxes.

Cut Plane Setting

Point 1 Point 2 Point 3
X= 145 14.5
¥= |9 Q 23
= |7 =53.23 =53.23

Cancel I

In order to reset the cut plane setting to the initial state, select “Reset Plane” menu
item from AU menu.

« Contouring on a cut plane

As explained above, the cut plane may be used for contouring. If a cut plane is set
immediately prior to opening “Contour Display” dialog, “Cut Plane” item of the
contouring object popup menu is enabled and is selected. (Refer to the previous
section, "Setting contouring options".) If the selection of this popup menu item is
not altered, the contour will be drawn on the cut plane.

Contouring Object
| cutPlanes =]

There are options for setting the style of the surrounding boundary surface
rendering. Refer to "Selecting the style of boundary surface rendering" for more
detailed description on this subject.
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« Splitting objects using the cut plane

The cut plane may also be used as a plane splitting the selected objects. The split
parts can be separated later for improved visualization of 3-dimensional volume

data. Splitting and separating of volume objects can be achieved by the following
steps:

1) Set the cut plane as explained above.
The cut plane is defined within the selected object.

2) Split the object by choosing “Cut Object” item from ESi# menu.
The menu is now the right most on the menu bar. Choose “Cut Object” item
from the menu. Then, the selected objects are split by the cut plane. If the
objects are rendered in shading or contouring, the rendered image is
maintained, as before, after splitting. If the objects are represented by
wireframe meshes, newly added wireframe meshes will be shown after
splitting.

3) Select one part of the split objects.

Start the volume selection tool by pressing button, and select one of the
split parts.

3) Move or rotate the selected part.
Start the object movement tool or the object rotation tool by pressing or



Chapter 7 Postprocessing of Continuum Analysis 7-19

| tool button respectively. Move or rotate the selected part using the tool.
By repeating the movement or rotation of the selected part, the split objects
can be separated as desired.

If the objects are rendered in shading or contouring, rendering is updated while

moving or rotating the selected part.

Contour image rendered before the objects are split Contour image rendered after the objects are split and separated

Splitting and separating objects using cut plane
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Setting parallel planes for contouring

The data distribution inside a 3-dimensional volume can be visualized effectively
using another volume visualization aid, i.e., parallel planes as auxiliary planes for
contouring. Parallel planes are a number of planes defined within selected
volumes, normal to the specified coordinate axis. The direction and the location of
the planes as well as the number of planes can be set as described below.

« Activating the parallel plane setting mode

The parallel plane setting mode should be activated in order to start defining
parallel planes. This can be done by the following steps.

1) Start the volume selection tool by pressing button.
One can now select volume object(s) in the model.

2) Select object(s) in which the parallel planes are to be defined.
Select one or more object(s) which form a continuous volume and which will
contain the parallel planes.

3) Start the parallel plane setting tool by pressing [f#] button.
Get into the parallel plane setting mode by clicking [ff] button in the tool
palette. Then, a rectangular box will surround the selected object(s). The
initial state of the parallel planes is also shown within the box. At the same
time, [IZIEIE menu appears on the menu bar as shown below.

v NormaltoX Set the parallel planes normal to X axis
Normalto¥ Set the parallel planes normal to Y axis
Normalto Z Set the parallel planes normal to Z axis
1Plane —+— 1 parallel plane
2 Planes —— 2 parallel planes
3Planes —— 3 parallel planes
4 Planes —— 4 parallel planes

+ SPlanes —— 5 parallel planes
10 Planes ——— 10 parallel planes
Others... 1 Set the number of palallel planes
Custom Planes..—[— Define the parallel planes by custom input

+ By Coordinates | Represent the location of a parallel plane by coordinates
By Ratio —— Represent the location of a parallel plane by ratio

The parallel plane setting mode is deactivated simply by activating any other tool
in the tool palette.

« Setting parallel planes interactively

The initial or the previous setting is shown, when the parallel plane setting mode is
activated. This setting can be altered interactively as explained below.

« Setting the orientation of the parallel planes : The orientation of the parallel
planes can be set normal to X, Y or Z axis by choosing respectively “Normal
to X”, “Normal to Y” or “Normal to Z” item fromm menu.
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Determining the number of parallel planes : The number of parallel planes
can be specified simply by choosing “1 Plane” through “10 Planes” item
from IEIZEN menu, or choosing “Others..,” item. In the last case, any
number of planes can be set by inserting the desired number in the editable
text box of the following dialog.

No. of parallel planes: Iil

[Cancel] [ 0.K. ]

Locating the parallel planes by mouse dragging : The parallel planes can be
located at desired points by dragging each of the planes using mouse. Place
the screen cursor over the image of a parallel plane, and drag the plane to the
desired point. The plane moves along with mouse movement.

1) Select the parallel plane to move.
Place the cursor over the image of the plane, and click the mouse button.
2) Drag the plane with the mouse button pressed.
The selected parallel plane moves along with the cursor.
3) Release the mouse button.
The parallel plane settles at the position where the button is released.
4) Repeat step 1) 2) and 3) until all the parallel planes are positioned as
desired.

Placing the parallel planes by keyboard input : While the parallel plane
setting mode is active, the editable text box labeled “Para Plane” is shown at
the lower part of the tool palette. The location of the parallel planes can be
specified by direct keyboard input in this text box by the following steps:

1) Select the parallel plane to be located.
Place the screen cursor over the image of the plane, and click the mouse
button. The location of the plane is given in the text box.

2) Edit the text.
Change the location by editing the text of location represented either by
coordinates or by ratio.

2) Press key (Windows : key).
The edited text of the location is applied by pressing key (Windows

key), and the parallel plane moves to the

specified location.

Fara Flane Fara Plane
JER >
Location of parallel plane Location of parallel plane represented by
represented by coordinates relative coordinates (ranging from 0 to 1)

< Editable text item for keyboard input of parallel plane location>
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In the above procedure, the location can be specified either by the coordinates
or as the ratio depending on whether “By Coordinates” or “By Ratio” item is
checked in [IEIEIE] menu.

In case of “By Coordinates”, one of X, Y and Z coordinates applies depending
on which coordinates axis the parallel plane is normal to.

« Setting parallel planes by custom input

There is another method of setting the parallel planes. That is to use “Parallel
Plane Setting” dialog. In order to start the dialog, choose “Custom Planes...” item
in IEZM menu. The parallel planes are newly defined and displayed by
clicking button after setting the relevant items in the dialog as detailed
below.

Parallel Plane Setting
?;]gggu 1=| Loc. |EENIIN - Editable text of location
25.0000 No. of planes - Number of parallel planes
35.0000
45.0000 Axis normal to planes - Coordinates axis normal to
559.0000 X DY ®z the parallel planes
65.0000 .
75.0000 Plane allocation ——} Rule of aIIocatlr_]g parallel
85.0000 L0 vaeen L1 planes automatically
95.0000 ® 44
1 2 Zsesaznl 1
d d lllll d d
o i ZemaDl m
i 4, smsusm i
=
Q
Location represented —J§ Check box for mode of
| by coordinates. representating location
< o)

List box with text strings of This scroll bar becomes active only
parallel plane location when the number of parallel planes exceeds 20.

< Parallel plane setting dialog >

Setting the number of parallel planes : Insert the number of parallel planes in
the editable text box labeled as “No. of planes”.

Setting the orientation of the parallel planes : Set the orientation of the
parallel planes by turning one of the radio buttons labeled “X”, “Y” and “Z”,
which represent direction normal to X, Y and Z coordinates axis, respectively.
Deciding the rule of plane allocation : The parallel planes are initially located
automatically at the points evenly dividing the total length of the model in the
direction normal to the planes. There are 3 different rules of determining the
division points. One of these 3 rules should be chosen by turning on the



Chapter 7 Postprocessing of Continuum Analysis 7-23

corresponding radio button. The example in the following table shows how
the 10 parallel planes are located over the distance 100 by applying each one

of the rules.

<Rules of allocating the parallel plane>

Allocation rule options Principle Example divisions
The total length is 5.00, 15.00,
i i | evenlydividedinton 25.00, 35.00,
z 4, 4 === 1 5 | segments, and one 45.00, 55.00,
— 1 1 1 plane is allocated in the 65.00, 75.00,
12 s=en 2l 2| igdie of each 85.00, 95.00
segment.
The total length is 9.09, 18.18,
evenly divided into 27.27, 36.36,
1. q sssns 1 (n+1) segments, and 45.45, 54.55,
| I | | planes are allocated at 63.64, 72.73,
i Z2smsDnln ends of segments 81.82, 90.91
excluding the first and
the last end points.
The total length is 0.00, 11.11,
evenly divided into 22.22, 33.33,
d 4 wsmmm i (n-1) segments, and 44.44, 5556,
—— —{ | planes are allocated at 66.67, 77.78,
1 2 senmmnl B endsof segments 88.89, 100.00
including the first and
the last end points.

Setting the mode of representing the location of a parallel plane : The location
of a parallel plane may be represented either by coordinates or by ratio. If the
mode is set to “ by coordinates”, the location of a parallel plane should be
defined by the actual coordinates along the axis normal to the plane.
Otherwise, location should be defined by the ratio scaled from 0 to 1 along the
total length of the model in the direction normal to the plane. Check the box
labeled “Location represented by coordinates” in order to set the mode to “by
coordinates”, or uncheck the box to set mode to”by ratio”.
Editing the text string of parallel plane locations: The locations of all the
parallel planes are displayed as text strings in the list box of the dialog. The
initial locations are determined automatically by the size of the selected parts,
number of planes, etc. The parallel plane location may be altered by editing
the text strings of the initial setting by the following steps:
1) Click the text string to modify.
The clicked text is highlighted, and an identical text string is placed in the
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editable text box in the dialog.

2) Edit the text string in the editable text box.
The selected text string in the list box is updated while the string in the
editable text box is being edited. The edited string represents the
modified location of the parallel plane.

3) Repeat step 1) and 2) for all the parallel plane locations to modify.
Edit the text strings one after another until all the relevant text strings are

modified as desired.

« Contouring on parallel planes

The parallel planes are used for contouring data inside 3-dimensional volumes. If
parallel planes are set immediately prior to opening “Contour..” dialog, “Parallel
Planes” item of the contouring object popup menu is enabled and is selected. If
the selection of this popup menu item is not altered, the contour will be drawn on
the parallel planes.

Contouring Obhject
[ Parallel Planes ij

There are options setting the style of the surrounding boundary surface rendering.
Refer to "Selecting the style of boundary surface rendering" for more detailed

description on this subject.
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Setting the parallel plane and contouring on the plane
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Setting cross planes for contouring

The data distribution around a specific point within a 3-dimensional volume can
be visualized effectively using cross planes as auxiliary planes for contouring.
Cross planes are also volume visualization aid and consist of 3 orthogonal planes,
XY plane, YZ plane and ZX plane, crossing at a specified point, namely the cross
point. Once the cross planes are defined, the contour images are drawn on these
planes. This method is especially suitable to represent the 3 dimensional variation
of data in the vicinity of the cross point. Each of the cross planes can be turned on
or off, and the location of the cross point can be specified as described in the
following.

Cross point (X,Y,Z)

XY plane "x:%‘

YZ plane d
Iy

IY

I d
I’Z;z

I,

éﬂ Z
ZX plane 'z

< Cross planes and cross point >

« Activating the cross plane setting mode

The cross plane setting mode should be activated in order to start define the cross
planes. This can be done by the following steps.

1) Start the volume selection tool by pressing button.
One can now select volume object(s) in the model.

2) Select object(s) in which the cross planes are to be defined.
Select one or more object(s) which form a continuous volume which will
contain the cross planes. The cross point is not necessarily within the volume.

3) Start the cross plane setting tool by pressing |22
Get into the cross plane setting mode by clicking
palette. Then a rectangular box will surround the selected object(s). The
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initial state of the cross planes is also shown within the box. At the same
time, menu appears on the menu bar. This menu has items related to
cross plane setting.

« X¥Plane  ——1—Turn on/off the XY cross plane

« YZPlane  ——1——Turn on/off the YZ cross plane

+ ZXPlane  ——1—Turn on/off the ZX cross plane

+ By Coordinates———Represent the coordinates of the cross point by XYZ coordinates
By Ratio  ——1——Represent the coordinates of the cross point by ratio

The cross plane setting mode is deactivated simply by activating other tool in the
tool palette.

« Setting cross planes

The initial or the previous setting is shown, when the parallel plane setting mode is
activated. This setting can be altered interactively as explained below.

Turning on or off the cross planes : Each one of the cross planes can be turned
on or off individually by choosing “XY Plane”, “XY Plane” or “ZX Plane”
item from EEUEM menu. If the item is checked, the corresponding cross
plane is turned on. Otherwise, it is turned off. Only the turned on planes are
used for contouring.

Setting the mode of representing the location of the cross point: The
positions of the cross planes are determined by that of the cross point. While
the cross plane setting mode is active, the editable text box labeled “Cross
Point” is shown at the lower part of the tool palette. The text strings display
the current location of the cross point, and can also be used to input the
location. The location of the cross point can be expressed either by XYZ
coordinates or by the ratios in X, Y and Z axis directions.

The mode of expressing the location can be selected by choosing “By
Coordinates” or “By Ratio” item in EQE menu.

Cross Point Cross Point
k(8.5 4| 0.8
¥(23.1 > fy| 0.6
712 Iz| 0.5
Location of the cross point Location of the cross point
represented by coordinates represented by ratio

< Editable text item for coordinates of cross point>

The ratios ry, ry and r, represent the relative location of the cross point with respect
to the total length of the model in X, Y and Z directions, and has value between 0 and
1. (Refer to the figure <Cross planes and cross point>)

Placing the cross planes by mouse dragging : Each one of the cross planes can
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be moved to the desired position by mouse dragging by the following steps.

1) Select the cross plane to move.
Place the screen cursor over the image of the plane, and click the mouse
button. The coordinates of the cross point are given in the text box.

2) Drag the plane with the mouse button pressed.
The selected cross plane moves along with the cursor.

3) Release the mouse button.
The cross plane settles at the position where the button is released.

4) Repeat step 1) 2) and 3) until all the cross planes are positioned as
desired.
Place all the parallel planes one by one, as explained above.

« Locating the cross point by keyboard input: The coordinates or the ratios of
the cross point can be inputted directly in the text box at the lower part of the
tool palette by the following steps:

1) Set the appropriate mode of representing the location of the cross point.
The mode can be set by choosing “By Coordinates” or “By Ratio” item in
Cross menu.
2) Edit the text.
Change the location by editing the text of location represented either by
coordinates or by ratio.

2) Press key (Windows : key).

The edited text of the location is applied by pressing key (Windows
key), and the cross planes move to form the
cross point at the new location.

« Contouring on cross planes

The cross planes are used for contouring data inside 3-dimensional volumes. If
cross planes are set immediately prior to opening “Contour” dialog, “Cross
Planes” item of the contouring object popup menu is enabled and is selected.
(Refer to the previous section, "Setting contouring options".) If the selection of this
popup menu item is not altered, the contour will be drawn on the cross planes.

Contouring Obhject
[ Cross Flanes i]

There are options setting the style of the surrounding boundary surface rendering.
Refer to (...) for more detailed description on this subject.

Each one of the cross planes can be turned on or off as described earlier this
section. A contour image will be drawn only on cross planes which are turned on.
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Cross plane setting Contour image on the cross plane

< Setting the cross plane and contouring on the plane >

Other functions related to contouring

Various functions related to contouring are described in the previous sections.
There are other functions which are devised to supplement contouring. They are
contour marking, sampling contour value and turning on/off the contour scale,
and described below.

« Contour marking over a contour image

A contour image is rendered by a limited number of contour bands as specified in
“Contour Display” dialog, and accordingly does not give information on minute
variation of data within a contour band. This weak point of contour image is
supplemented by the function of marking a contour line over the image. Contour
marking makes up for the wide gap of data values that can be represented by
contour bands, and thus gives more detailed information on the data distribution.
This function can proceed interactively by the following steps:

1) Start the contour marking tool by pressing the tool button EI , if it is not yet
activated.
The contour marking tool is automatically activated whenever a new contour
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image is drawn. Activation of the tool is not necessary in this case. But, other
tool may have been activated after creating a contour image, and thus the
contour marking tool is deactivated. In such case, the tool button should be
pressed in order to activate the tool again.

Place the screen cursor either over the contour image or over the contour
scale bar.

As the cursor moves into the VisualFEA window, its shape turns into [z . A
data value may be sampled either at the point of the cursor on the contour
image or on the contour scale bar. Place the cursor over the point from which
the data value is to be sampled.

Sample the data value by clicking the point.

The data value is sampled at the point of mouse click, and a contour line
representing the sampled value is marked over the contour image. The level
of the marking contour is displayed over the contour scale bar, and in the
editable text box at the lower part of the tool palette.

Move the mouse with button pressed.

The contour marking is updated in real time as the screen cursor moves along
with the mouse movement. At the same time, the scale value is also
continuously updated.

IIIIQ.SES

7017

IIII4.666

2.313

—-0.036

Contour marking

—-2.387

-4.738

—-7.0249

=0.440

-11.791

—14. 142

Marking contour level Point of data sampling

< Contour marking >
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The above step 2), 3) and 4) may be repeated as long as the contour marking tool is
active. The editable text box at the lower part of the tool palette shows the level of
the marked contour. The contour marking may also be renewed by inserting a

value in the box and pressing key (Windows ; key).

The precision of the marking contour line is determined by the viewing scale of the model
and the screen resolution. Therefore, you can obtained more precise contour line by
zooming in the screen view. However, the analysis results themselves have limited
accuracy, and zooming beyond a certain limit may not have any significance.

« Sampling contour value by specifying the coordinates

Contour marking is a method to sample the contour value pointed by screen
cursor. Another method of contour value sampling is specifying the coordinates
of the sampling point. The advantage of this method is that any point within a 3-
dimensional volume can be sampled, while contour marking is only possible for a
point on outer surfaces of volume. The coordinates of the sampling point can be
entered by the following steps:

1) Start the contour marking tool by pressing the tool button El , if it is not yet
activated.
Refer to the previous section.

2) Place the screen cursor over the contour image.
Place the cursor around the point of sampling. It is not necessary to place the
cursor precisely at the point of sampling, because the location of the point is
to be specified more precisely by its coordinates afterward.

3) Double click the point
Double clicking will bring up “Data Info” dialog. The dialog has editable text
items for the coordinates of the sampling point.

[0 == pata Info =—=8H [0 == pata Info =—=8H
Coordinates
x= [17.2700 ) Edited coordinates
\ Coordinates ! of the sampling
¥ =\ | 184533 ) of the double ) point
7= \<2.27745 clicked point
[ GetDataValue | | Get Data Value |
Contour value Contour value
Value = 0.176504 at the double Yalue = 0.015904 at the sampling
clicked point point

< “Data Info” dialog >

4) Edit the text string of the coordinates
Enter the coordinates of the desired sampling point by editing the strings in
the editable text boxes.
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5) Press [__GetDatavalue | putton.
The button is dimmed initially when the dialog is open, and becomes enabled
when any of the text strings of the coordinates is edited. Press the button.
Then the data value at the sampling point is displayed below the button.
However, the specified sampling point may not be within the volume. If so,
the data value cannot be sampled. Instead, a message indicating that the
coordinates are not within the model, will appear on the dialog.

Data Info B

Coordinates

O

=427
50.23 1 Edited oordinates is not within the

= ] surfaces or the volumes of the model.
B84

[ GetDataValue |
Off the object.

Message indicating the coordinates
are not within the model

< “Off the object” message >

= Turning on and off the contour scale bar

The contour scale bar is automatically displayed at the left edge of VisualFEA
PHRTH O window, when the contour image is rendered. If desired, this scale bar can be
~_Iso-surface——1 made hidden by selecting “Hide Scale” item from menu. The menu

;’a":: IiI'I:':::'“ item is enabled only when a contour image is rendered. Selecting the item
Capture Image b | will remove the scale bar from the screen, and alter the menu string into

Play Animation... “Show Scale.” The scale bar can be shown again by simply selecting the
Make Animation... .
“Show Scale” item.

Postpro

Postpro

Contour...
_Iso-surface ———— |

Open imnage...
Save Image...
Capture Image b

Play Animation...
Make Animation...
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Visualizing Scalar Data by Iso-surface and others

Besides contouring, VisualFEA supports other popular methods of visualizing
scalar data in 2-D or 3-D space: iso-surface rendering, curve plotting and surface
plotting. They are not so widely used as contouring in other finite element analysis
software. But they are as efficient and convenient as contouring, and may be used
in lieu of, or in conjunction with contouring.

Visualizing scalar data using iso-surfaces

Iso-surface representation is an efficient method of volume visualization, i.e.,
visualizing data distribution in 3-D space. Iso-surfaces within a 3-D volume
are analogous to contours on surface. An iso-surface represents a surface in
a 3-D volume, while a contour line represents a curve on plane or surface, on

Postpro
Iso-surface...
Curve Plot...
Surface Plot...

Yector... . . . .
Diformed Shape: b which all the points have equal data value. The 3-D model space is split by
Seepage b a number of iso-surfaces, and each of the split parts represents a region of the

“—hindal” . .
model with certain range of the data value. Thus, the overall data

distribution in 3-D space can be grasped easily from the iso-surface image.

Contour image Isosurface image

<Comparison of contour and iso-surface images>
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« Setting the iso-surface display options

In oder to get an iso-surface image of a data set, first select “Iso-surface...” items
from menu. Then, “Iso-surface Display” dialog appears on the screen.
This dialog is similar to “Contour Display” dialog described in the preceding
chapters. However, “Iso-surface Display” dialog has more items than “Contour
Display” dialog. There are a number of items in this dialog.

Each item has default setting. Change the setting if necessary. You may also
specify the scale of contour bands as well as iso-surfaces. Click button if
every item is set as desired. Then, the iso-surface image will be displayed with a
scale bar which indicates the data value represented by each one of the iso-
surfaces.

Iso-surface Display

Iso=-surface Item

[ Normal 5tress X i—]i — popup menu to select the iso-surface data item
Contour Item

[ None ‘:]77 | popup menu to select the contouring data item
MNo. of Iso-surfaces radio buttons to set the number of iso-surfaces

a1 02 03 04 @®5 O10
No. of Contours

5 @®10 220 O30 O Max
Boundary Rendering

® Wireframe (O Opaque

() Transparent O OQutline ) None

Opague Shading Range check box to set an iso-surface as the lower

[ Lower bound iso-surface ————|— b::ur:(dbofdisplay _ . A
- - | chec 0X to set an iso-surface as the upper
[ Upper bound iso-surface ———— bound of display

[ Range Scale Based On Visible Parts—j§— check box to have the scale ranged only for visible parts

[ Set Iso-surface Level—li |- button to start iso-surface scale setting
[ Sot Contour Scale ﬂi |- button to start contour scale setting

Cancel I

<”lso-surface Display” dialog >

radio buttons to set the number of contour bands

radio buttons to select the method of
representingthe boundary surface

« Selecting the data item to be represented by iso-surfaces

There are two popup menus in “Iso-surface Display” dialog. The data item for iso-
surface representation is selected using the first popup menu, which has the same
menu items as the one in “Contour Display” dialog. (Refer to “Visualizing Scalar
Data by Contours” section of this chapter.) Only available data items are listed in
the menu.
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« Selecting the data item to be represented by contours

Iso-surfaces may be painted with contour bands which represent distribution of
another data item. For example, iso-surfaces represent the distribution of normal
stress Sy, and contours represent the distribution of shear stresst ;.

The second popup menu has the menu items to select the contour data item, and
has one more item “None” than the first popup menu for iso-surfaces. The popup
menu is initially set as “None”, which designates no contour on the iso-surfaces.
Thus each of the iso-surfaces is rendered in one color corresponding to the iso-
surface level.

Mormal Stress X

Normal Stress X Iso-surface Item e sdans
Normal Stress Y 74[» Normal 5tress X i] Normalstioeey
Normal Stress Z —
5 1o T SR
_ Shear Stres<3s——_ Contour Item ,___SEEEI;_S_]:LE.‘S-T“ .
T Py | Y
Displacemer:; Z [ None hd ] |~ Displacement Z
Displacement Norm Displacement Norm
None
Popup menu to select Popup menu to select
iso-surface item contour item

< Popup menus in “Iso-surface Display” dialog >

<lIso-surface image with contour>
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« Setting the number of iso-surfaces

The number of iso-surfaces can be set by clicking the radio button labeled with the
desired number. There are 6 radio buttons under “No. of Iso-surfaces™: “1”, “2”,
“3”, “4”, “5” and “10”. The number of iso-surfaces is initially set as 5 by default.
The rendering time depends on the number of surfaces, and increases significantly
as the number of iso-surfaces increases.

« Setting the number of contour bands

In case contours are to be drawn on the iso-surfaces, the number of contours
should be determined. The number of contour bands is initially set as 10 by
default. This default setting can be changed by clicking the radio button labeled
with the desired number of bands, which should be one of 5, 10, 20, 30 and Max.
If you choose “Max”, the contour image will be rendered with as many bands as
possible using the available colors. The number of contours has no effect on the
rendering time.

« Selecting the type of boundary surface rendering

Iso-surfaces are contained within 3-D volumes surrounded by boundary surfaces.
In order to enhance the visual understanding, it is desirable to display the
surrounding boundary surfaces together with iso-surfaces. There are a few
different types of rendering the boundary surface, one of which should be chosen:

= “Wireframe”: The boundary surfaces are rendered in the form of wireframe.
The hidden lines are removed from the wireframe rendering.

= “Opaque”: The boundary surfaces are rendered in the form of the volume
surrounded by the specified upper bound or/and lower bound iso-surfaces.
If this option is on, the check boxes under “Opaque shading range” are
automatically checked. On the other hand, this option is automatically on if
the check boxes are checked.

= “Transparent”: The boundary surfaces are rendered in transparency shading.
Iso-surfaces are rendered as opaque objects surrounded by transparent
boundary surfaces.

e “Qutline”: The outlines of the boundary surfaces are extracted, and
represented together with the iso-surfaces.

< “None”: The iso-surface image is displayed without boundary surface
rendering.
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Wireframe

Outline

Transparent shading Opagque shading

< Boundary surface rendering with iso-surfaces >

» Designating the iso-surfaces as the boundary of a truncated model

Iso-surfaces may also be used as boundary surfaces isolating a part of the model
with a certain range of data values. There are two check boxes under the heading
of “Opaque shading range”: “Lower bound iso-surface” and “Upper bound iso-
surface”. Any one or both of the two may be checked. The checked item will be
followed by editable text items to enter an iso-surface by its number as the upper
bound or the lower bound surface of the truncated model. If any one of the boxes
is checked, the option for boundary surface rendering will be automatically
switched to “Opaque” if it is not.

There are following 3 possibilities of truncating the model by use of:

= lower bound iso-surface only.
= upper bound iso-surface only.
« both lower and upper bound iso-surfaces.

Model rendering in the above 3 cases are 1 in the figure below.



Chapter 7 Postprocessing of Continuum Analysis 7-37

Opagque Shading Range Opaque Shading Range Opagque Shading Range
i Lower bound iso-surface O Lower bound iso-surface M Lower bound iso-surface
O Upper bound iso-surface [ Upper bound iso-surface & Upper bound iso-surface (4 |

Lower bound iso-surface Upper bound iso-surface Lower and upper bound iso-surface

< Model truncated by iso-surfaces >

« Limiting the range of iso-surface scale by actually displayed values

Levels of iso-surfaces are determined by the differences between the maximum and
the minimum values of the data to be visualized. In case iso-surfaces are defined
only within the selected parts or within the visible parts of the model, it is better to
determine the iso-surface level based on the range of data values in the visualized
parts only rather than that of the whole model. This adjustment of the data range
can be achieved by checking the box labeled “Range Scale Based On Visible Parts”.

» Setting the iso-surface level

An iso-surface splits the model into two regions, one with data value just above
and the other just under the data value represented by the iso-surface. This data
value is termed here as iso-surface level. Each of the iso-surface levels has a value
between the maximum and minimum values of the data to be visualized. The iso-
surface levels are initially determined by the software, but can be altered as desired
in the same manner as changing the contour scales described in the previous
section. In order to start setting the iso-surface levels, first click
[ Set Iso-surface Level | button in “Iso-surface Display” dialog. Then, “Contour
Scale” dialog will appear on the screen. This is the identical dialog used for setting
the contour scale.
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—7.9Z0E-035

< Scale bar for iso-surfaces >

« Setting the contour scale

In case the iso-surfaces are displayed with contours, the data represented by the
contours are scaled independently from that of the iso-surface. In order to adjust
the contour scale, first click __Set Contour Scale | button in “Iso-surface Display”
dialog. Then, “Contour Scale” dialog will appear on the screen. The contour scale
values can be set by using this dialog. [_Set Contour scale | button is enabled only
when the second popup menu of “Iso-surface Display” dialog is set to a data item
other than “None”. Otherwise, this button is dimmed.

< Scale bar for contours on iso-surfaces>
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Curve plotting of scalar data

Curve plotting is a method of representing the data distribution along a
specified line in the form of graph. This method is supplementary to

Postpro

Contour...

contouring, and should be preceded by contouring. Curve plotting converts
c a contour image into graphical representation. The data values along a
Vector... specified line are extracted and plotted in the form of graph, which gives, in
Deformed Shape P

some cases, more descriptive and more detailed information than contour
lines do. Curve plotting can be applied to contour images on any plane or
surface including cut plane and parallel planes. Numerical data can also be
viewed using the curve plotting. This function is available for both 2-D
surfaces and 3-D volumes.

seepage R
hlodal T

bounding box

2.600

7.900

“Curve Plot” window

7.200 _ :
O=—— curve Plnt =]
B.500 1, 000+ 1
5.800
7. P25e+00)
5.100 sampling point
sampling line
4.400
data value at the
3708 sampling point
3. O00e+00 / == -,
3.000 / .
graph representing the data relative location of the sampling point

distribution along the sampling line  on the sampling line

< Curve plotting >

« Initiating curve plotting

Curve plotting is initiated by choosing “Curve Plot” item from ELE{ILH menu.
Then, "Curve Plot” window appears on the screen, and menu is attached on
the menu bar. A bounding box surrounds the model rendered in the main
window, and the initial state of the sampling line is drawn across the bounding
box. The curve plot is displayed on “Curve Plot” window, for the initial setting.



7-40

Chapter 7 Postprocessing of Continuum Analysis

Prior to initiating curve plotting, a contour image should be displayed. Data of the
contour image becomes the subject of the curve plotting.

« Modifying curve plotting

At the time curve plotting is initiated, “Curve Plot” window contains a graph
representing the magnitude of the data value along the sampling line initially set
by the software. This curve plot can be modified or adjusted by further interaction
in the main window and “Plot Window”. Most importantly, a new plot can be
obtained by moving the sampling line. The sampling line can be moved and
slanted by using mouse click and drag by the following steps:

1) Setthe menu items as desired.
menu has items related with controlling of sampling line and plotting

update. This is explained in detail in the later part of this section.

2) Place the screen cursor on one end of the sampling line, and press the mouse
button.
The color of the sampling line is altered, indicating that the sampling line is
selected.

3) Drag the end of the line with the mouse button pressed.
The end of the line moves along with the cursor, and accordingly the position
and the direction of the line are changed. The graph on “Curve Plot” window
is updated as soon as the sampling line is modified.

4) Double click an edge of the bounding box to change the direction of the
sampling line quickly.
Double clicking an edge of the bounding box induces one end of the sampling
line positioned on the center of the edge, and the other end on the center of
the opposite edge.

« Displaying the numerical value at the sampling point

A point on the sampling line can be designated as the sampling point. Click one
point on the sampling line. Then, the sampling point is set at the point, and
indicated by © mark. The numerical value of the data on the sampling point is
displayed in a character string on “Curve Plot” window. The relative location of
the sampling point over the sampling line is indicated by hair lines and a character
string on “Curve Plot” window as shown in the above figure. The sampling point
can be moved along the sampling line interactively by using mouse drag. While
the point is being moved, the numerical value is updated continuously together
with the mark of the newly positioned point.
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« Resizing the graph

The graph is drawn to fit the plotting window. Thus, the size of the graph can be
changed by resizing the window. Click the bottom right corner of the window, and
drag. Or, click the zoom box of the window. Then the graph is resized to fit the
new window frame.

» Setting the options for curve plotting

When curve plotting is initiated, menu appears on the menu bar. The menu
has items related to controlling the sampling line and updating “Curve Plot”
window.
« Controlling the movement of the sampling line.
The movement of the sampling line is controlled in the manner set by the
menu items in KLUA menu.
“No Constraint” : The sampling line moves without constraint. While
one end of the sampling line moves, the position of the other end is not
altered. This is the default setting.

- “Orthogonal” : The sampling line is always positioned orthogonal to the
edges of the bounding box, while one end of the line is repositioned.

- “Diagonal” : If one end of the sampling line moves along an edge of the
bounding box, the other end moves in the opposite direction, so that the
line rotates.

- “Parallel” : The sampling line moves in parallel. 1f one end of the line
moves, the other end also moves the same distance.

« Setting the update of “Curve Plot" window.
The graph on “Curve Plot" window may be updated dynamically while the
sampling line is being moved by dragging. Or, the graph may be updated
only when the movement of the sampling line is completed by releasing the
mouse button. This option can be set by checking or unchecking “Dynamic
Display” item in Lilsl menu.

« Terminatingcurve plotting

Curve plotting is terminated by clicking the close box at the top left corner of the
“Curve Plot” window, or by initiating any other function. The bounding box and
the sampling line disappear from the main window at the moment the “Curve
Plot” window goes away. menu also disappears from the menu bar.
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Surface plotting of scalar data

Postpro
Contour...
Iso-surface...
Curwve Plot...
Surface Plot...
Vector...
Deformed Shape P
Seepage 3
~—hklndal”
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Surface plotting is a method of visualizing 2-dimensional scalar data
distribution by a 3-dimensionally rendered surface over the data plane. The
magnitude of the data at a point is represented by the height of the surface
at that point. Surface plotting involves two surfaces, the source plane and
the plotted surface. The source plane is the actual plane, the data on which
are to be visualized. The plotted surface is the numerically constructed
surface representing the data distribution.

The datum of the plotted surface and the scale of the height can be set as desired.
The surface is rendered as a smooth and continuous surface in a few different
forms. This method is also supplementary to contouring, but not necessarily
preceded by contouring. This function is appropriate only for visualizing data on
2-D planes.

plotted surface

v

source plane

datum height

%atum height

< Surface plotting >

« Setting the surface plotting options

In oder to get surface plotting image for a scalar data set, first select “Surface
Plot...” items from menu. Then, “Surface Plotting” dialog appears on the
screen as shown in the following figure. There are a number of items in this dialog.
Each item has default setting. Change the setting if necessary. Click
button if every item is set as desired. Then, the surface plotting image will be
displayed.
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Surface Plotting

Data Item

[ Mormal Stress X ij—

Plotted Surface Rendering—— |

O Wireframe

@ Opague shading

{3 Transparent shading
2 Contour

Source Plane Rendering

2 Wireframe

2 Opague shading

() Transparent shading
@ Contour

Height Scale E—

Cancel i

[~ popup menu to select the surface plotting data item

[~ radio buttons to select the type of rendering
for the plotted surface

[~ radio buttons to select the type of rendering
for the source plane

[~ editable text to enter the scale of the plotting height

[~ editable text to enter the datum of the plotted surface
relative to the source plane

< “Surface Plotting” dialog >

» Selecting the data item

The popup menu in “Surface Plotting” dialog has the list of data items which can
be displayed by surface plotting. They are identical to the popup menu item in
“Contour Display” dialog. One of the items should be selected from this popup
menu. The data associated with the currently selected popup menu item are
displayed by surface plotting.

» Selecting the type of rendering for the plotted surface

The plotted surface can be rendered in one of the following 4 different forms.
Select the type of the rendering by turning on one of the following radio buttons
under the heading, “Plotting Surface Rendering”:

“Wireframe”: The plotted surface is rendered in the form of a wireframe.
Hidden lines are removed from the wireframe rendering.

“Opaque shading”: The plotted surface is rendered by opaque shading.
“Transparent shading”: The plotted surface is rendered by transparent
shading.
“Contour”: The plotted surface is rendered by a contoured surface.

« Selecting the type of rendering for the source plane

The source plane can also be rendered in one of the following 5 different forms.
Select the type of the rendering by turning on one of the following radio buttons
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under the heading, “Source Plane Rendering™:

= “Wireframe”: The source plane is rendered in the form of wireframe.

= “Opaque shading”: The source plane is rendered by opaque shading.

= “Transparent shading”: The source plane is rendered by transparent shading.
= “Contour”: The source plane is rendered by a contoured surface.

« “None”: The source plane is not displayed.

« Setting the scale of height

In surface plotting, the magnitude of a data value is represented by the height of
the plotted surface over its datum. The scale of height implies the height
representing a unit magnitude, and is entered in the editable text box labeled as
“Height Scale”.

« Setting the datum of the plotted surface

The datum of the plotted surface implies the reference from which the height of the
plotted surface is measured. The datum is entered in the editable text box labeled
as “Datum”. The default value of the datum is 0, and thus, the plotted surface
touches the source plane at the point of zero value.

height scale= 1.0 height scale= 1.0 height scale= 2.0
datum= 0.0 datum= 1.0 datum= 0.0

< Comparison of surface plotting with various height scale and datum >
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Visualizing Vector Data

Vector data is defined as quantity with both magnitude and spatial direction.
Displacement, principal direction of stresses in structural analysis, and flux
direction in heat conduction analysis are typical examples of vector data.

Vector data can be visualized in various forms like arrow images, deformed shapes
and force symbols, appropriate for the characteristics of the data.

Visualizing vector data by arrows

Postpro Arrows are usually used to visualize vector data. The magnitude of the data
Contour...

e i is represented by their lengths, and the direction of the data by arrow-head
E:::E';";E-tm directions. In case of 3-dimensional solid analysis, arrows may be rendered
T as 3-dimensional solid objects. The following figure shows an example of
E:;':}"a";i“ T : ground water flow analysis, in which the flow directions are represented by

' arrows. Inthis example, an arrow indicates only the direction of the flow at
the point, but not magnitude. So, the arrow length has no significance.
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< Ground water flow directions represented by arrows >

« Setting the arrow display options

In oder to get arrow image of a vector data set, first select “Vector...” items from
menu. Then, “Arrow Display” dialog appears on the screen as shown in
the following figure. There are a number of items in this dialog. Each item has
default setting. Change the setting if necessary. Click button if every item
is set as desired. Then, the arrow image will be displayed.
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Arrow Display

Arrow Display Item

[ Pri 5tress Dir 1 i] popup menu to select the vector
data item
Arrow Rendering radio buttons to select the type

@ Line arrow on surface of arrow rendering

() Line arrow in 3-Dvolume
{2 Solid arrow on surface
{2 Solid arrow in 3-Dvolume

Surface Rendering radio buttons to select the method of
® Wireframe () Opaque representing the boundary surface
(O Transparent ) Outline Q) None

Placement Focus radio buttons to set the position of the
(3 Starting point @ Mid point (3 End point arrow relative to the sampling point

Arrow Head radio buttons to set the position of

@ Mone () At starting point (O At end point the arrow head
editable text box for arrow length

Length |1 Thickness IZI— — editable text box for arrow thickness

Sample outof || number of sample points to be
represnted by one arrow

[ 0.K. ] [Cancel]

<”Vector Display” dialog >

» Selecting the data item

The popup menu in “Vector Display” dialog has the list of data items which can be
displayed by arrow representation. One of the items should be selected from this
popup menu. The data associated with the currently selected popup menu item is
displayed by arrow image. The first item is always selected initially when the
“Arrow Display” dialog is first opened. But the item used for the last arrow
display will be selected automatically when the dialog is opened next.

The popup menu items vary depending on the analysis type. Only those output
items appropriate for vector display appear on the popup menu. They are shown
below.

Not all the items are always shown in the popup menu. If you exclude any of the
output items in “Analysis Options” dialog described in Chapter 6, the
corresponding item(s) will not be shown.

If you are using an external solver, the menu items may be different from those
shown below, because the popup menu items can be customized by the external
solvers.
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Displacement X
Displacement Y
Displacement Norm

Pri Stress Dir 1
Pri Stress Dir 2

Pri Strain Dir 1
Pri Strain Dir 2

Plane stress/strain
& axisymmetric

Flux Direction

2-D plane heat
axisymmetric heat
3-D volume heat

Displacement Z Displacement X Displacement X
Rotation X Displacement Y Displacement ¥
Rotation ¥ Displacement Z Displacement Z
Displacement Norm Rotation X Displacement Norm
Princ Moment Axis 1 H'_Jtat'“" Y Pri Stress Dir 1
Princ Moment Axis 2 Displacement Norm Pri Stress Dir 2
Princ Curvat Axis 1 Pri Stress Dir 1 Pri Stress Dir 3
Princ Curvat Axis 2 AU SRS L7 Pri Strain Dir 1

FU S 10 S Pri Strain Dir 2
Plate bending Princ Moment Axis 1 Pri Strain Dir 32

Princ Moment Axis 2

Pri Strain Dir 1
Pri Strain Dir 2
Pri Strain Dir 3
Princ Curvat Axis 1
Princ Curvat Axis 2

3-D solid

Shell

<Popup menu selecting the arrow display data item >

« Selecting the type of arrow rendering

Arrows may be rendered in 3 different types. Select one of the types by turning on
the corresponding radio button.

“Line arrow on surface”: Arrows are drawn as lines with or without arrow
head. Arrows represent the vector data on planes or surfaces.

“Line arrow in 3-D volume”: Arrows are drawn as lines, but represent the
vector data with 3-D volumes. This type is applicable only to 3-D volume
models.

“Solid arrow on surface”: Arrows are rendered as 3-D solid objects on plane
or surface. Arrows represent the vector data on planes or surfaces.

“Solid arrow in 3-D volume”: Arrows are rendered as 3-D solid objects within
3-D volume. Arrows represent the vector data on planes or surfaces. This type
is applicable only to 3-D volume models.

Line arrow Solid arrow

< Popup menu selecting the arrow display data item >
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« Selecting the style of surface or boundary surface rendering

The arrows are usually rendered together with the surfaces on which the arrows
lie, or the boundary surfaces of the volumes containing the arrows. Select the style

of th

e surface rendering by turning on one of the following radio buttons in

“Vector Display” dialog:

“Wireframe”: The boundary surfaces are rendered in the form of wireframe.
The hidden lines are removed from the wireframe rendering.

“Opaque”: The boundary surfaces are rendered by opaque shading. If the
type of arrow rendering is set to “Solid arrow in 3-D volume”, this option is
not applicable, and thus “Opaque” button is disabled.

“Transparent”: The boundary surfaces are rendered in transparency shading.
This option is useful if the type of arrow rendering is set to “Line arrow in 3-D
volume” or “Solid arrow in 3-D volume”.

“QOutline”: The outlines of the boundary surfaces are extracted, and
represented together with the arrow image.

“None”: The arrow image is displayed without boundary surface rendering.
This option may be used to overlay the arrow image over the existing screen
image.

Line arrow in 3-D volume
with outline rendering with outline rendering

Solid arrow on surface Solid arrow on surface
with opaque shading with transparent shading

< Type of arrow and boundary surface rendering>
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« Setting the placement focus of arrows

An arrow may be placed at various positions relative to its data point. The
placement focus of an arrow implies the position of the arrow, which matches
with the data point, and can be set as one of the following options:

= “Starting point”: The starting point of a n arrow is set as the placement focus.
= “Mid point”: The midpoint of an arrow is set as the placement focus.
= “End point”: The end point of an arrow is set as the placement focus.

~ placement focus -

Starting point End point

Focus on starting point Focus on mid point Focus on end point

< Arrow placement >
« Setting the position of arrow heads

An arrow can be drawn either with or without arrow head. At the same time, the
arrow head may be attached at the starting point or the ending point of the arrow.
Thus, there are the following 3 options related to arrow heads:

= “None” : Arrow heads are not drawn. An arrow is represented by a straight
line. This option is appropriate for the case in which the sign of the direction
is not important. For example, the directions of principal stresses are usually
drawn without arrow heads.

= “At starting point” : The arrow head is attached to the starting point of the
arrow. The arrow directs from the end point toward the starting point. This
option is used to draw the arrow in the directions reverse to the actually
computed ones.

= “Atend point”: The arrow head is attached to the end point of the arrow.
The arrow directs from the starting point toward the end point. The vector
directions are normally represented by this option.

il
il

No arrow head Head at starting point Head at end point

< Arrow head position >
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« Setting the length of arrows

The length of an arrow may or may not represent the magnitude of its
corresponding data value, depending on whether the corresponding vector data
have magnitude or not. For example, displacements in structural analysis have
magnitudes as well as directions. But, there are such vector data as principal stress
directions for example, in which the data has only direction, not magnitude. In
either case, the length of the arrow is determined on the basis of the predefined
length factor. The length factor is defined by entering its value in the editable text
box labeled “Length” in the dialog. The entered value should be greater than O,
and represents a factor determining the arrow length.

The length is independent of the view scale of the model. Thus, the length of
arrow remains unchanged even if the screen scale is altered.

..::_ < __‘ | Thickness

Length Length

< Length and thickness of arrow >

« Setting the thickness of arrows

This item is effective only for “Solid arrow in 3-D volume” option. The length of
the arrow rendered as 3-D solid is determined on the basis of the predefined
thickness factor. The thickness factor is defined by entering its value in the editable
text box labeled “Thickness” in the dialog. The entered value should be greater
than 0, and represents a factor determining the arrow thickness.

The thickness is independent of the view scale of the model. Thus, the thickness of
arrow remains unchanged even if the screen scale is altered.

« Displaying selectively sampled arrows

One arrow is usually displayed at every data point, which may be a node or a
point in an element. As the model becomes complex, the number of data points
increases. Sometimes, there are too many arrows crowded around a point to
visualize the data properly. Such complexity in visualization can be alleviated by
displaying the arrows partially.

The proportion of arrows for selective display is designated by the value entered in
in the editable text box labeled “Sampling out of” in the dialog. If the value is 1,
one arrow is displayed at every data point. In other words, all the arrows will be
displayed. If itis 5 for example, arrows are displayed only at one out of 5 data
points.
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One arrow displayed at every data point One arrow displayed at every 5 data point

< Displaying selectively sampled arrows >

« Overlaying vector images

It is sometimes necessary to overlay two or more vector images. For example, the
directions of two principal stresses, s1 and s, are desired to be displayed together
in order to improve the visual understanding of the computed results. In this case,
the directions of s are first drawn, and those of s, are overlaid over the existing
image. Such overlaying vector images can easily be achieved by using “None”
option for surface rendering. This option adds the new vector image over the
previously drawn image.

The condour image of s is overaid
the arrow image of their directions

Image of s direction is added.

< Overlaying vector images >



7-52 Chapter 7 Postprocessing of Continuum Analysis

Visualizing displacements by deformed shape and animation

Displacements obtained from structural analysis are another

Postpro N
typical example of vector data. As other vector data are

Contour...

":SD'S“;'IfﬂtEE--- represented by arrows, so can displacement data. However, we
urve Plot... L. . .

Surface Plot... may get better insight on the displacements from the image of

Yector...
Deformed S5hape
Seepage

Nodal Values
MMulti-sten s

deformed shape than from arrows. All the displacement
components are incorporated in one image of deformed shape.
The nodal displacements are added, with a specified magnification
factor, to the nodal coordinates to form new nodal coordinates
which represent the exaggeratedly deformed model.

Once the deformed shape is displayed, all the subsequent visualization of the
model is done using the deformed nodal coordinates. However, a few operations
including saving file, editing model data and solving, will automatically restore the
undeformed original shape.

This function is applicable only to structural analysis.

b Display..

| Animate...
Restore

/

Undeformed shape Deformed shape

< Deformed shape of a planar structural model >



Chapter 7 Postprocessing of Continuum Analysis 7-53

« Setting the display options

In oder to get a deformed shape, first select "Display..." item from“Deformed
Shape” submenu of menu. Then, “Deformed Shape Display” dialog
appears on the screen as shown in the following figure. There are a few items in
this dialog, including the type of rendering. Each item has a default setting or an
initially suggested value like deformation scale. Change the setting if necessary.
Click button if every item is set as desired. Then, the deformed shape
will be rendered as specified in the dialog. More details of setting the dialog is
described in the following.

Deformed Shape Display

| radio buttons to select the style of
deformed shape rendering

Deformation Rendering

® Wireframe
{2 Hidden line removed
2 Opague shading

{2 Transparent shading
3 Outline Overlay the deformed shape drawing

/ [~ over the existing screen contents
O twverlay Image i . .

. Deformed shape is retained for future rendering
4 Keep Deformation —————  if this box is checked.
0 Exclude Rigid Body Displ. __{ Rigid body displacements are removed in

Adjustment Factor the rendering if this box is checked.

(Mag.Scale = 2.9%e+04) editable text to enter the adjustment factor

of the deformed shape scale

< “Deformed Shape Display” dialog >

« Selecting the style of the deformed shape rendering
The deformed shape can be rendered in 4 different styles.

= “Wireframe”: The deformed shape of the structural model is rendered in the
form of wireframe without removal of hidden lines.

e “Hidden line removed”: The deformed shape of the structural model is
rendered in the form of wireframe with removal of hidden lines.

= “Opaque shading”: The deformed shape of the structural model is rendered
by opaque shading.

e “Transparent shading”: The deformed shape of the structural model is
rendered by transparent shading.

« “Outline”: The deformed shape of the structural model is rendered by outline.

« Overlaying the deformed shape image over the screen image

The deformed shape is drawn over the current image on the main window, if the
"Overlay image" box is checked.
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« Retaining the deformed shape in future rendering

The deformed shape may or may not be retained in the future rendering. If "Keep
Deformation” box is checked, the deformed shape is used in the future rendering
such as contouring. If you transform the view or change the rendering method, the
rendering is updated with deformed shape. Otherwise, undeformed shape is used
in the future rendering.

« Excluding the rigid body displacements from deformed shape

In case only a part of the model is to be visualized with its deformed shape, the
displacements of other parts may sometimes dominate the overall picture. Thus
the deformation of the interested part may be obscured by that of other parts. The
portion of the displacements originated from other parts can be regarded as rigid
body displacements for the displayed part, and therefore may be excluded from
the deformation so that the image of the deformed shape is better scaled and
positioned.

Check the “Exclude rigid body displ.” box in the dialog in order to remove the
unwanted portion of the displacements.

« Setting the deformation scale

The displacements are usually very small as compared with the overall size of the
structural model. Therefore, the displacements should be magnified to such a scale
that their effects are discernible in the deformed shape. The deformation scale is
the magnification factor that multiplies the displacements before adding them to
the nodal coordinates. The deformation scale appropriate for display is initially
determined by the software, and is shown in the dialog like "Mag.Scale=2.99e+04".
The editable text item "Adjustment Factor" is provided for user's control of the
displacement scale. The value is multiplied to the displacement scale and can be
altered by editing the string in the editable test box. The altered value is applied in
the subsequent display of the deformed shape.

« Visualizing the displacements by animation

o]

Contour...
Iso=-surface...
Curve Plot...
Surface Plot...
Yector..
Deformed Shape
Seepage
Modal Values
L__ Multi-sten s

4
4

Display...
Animate...

Restore

The displacements obtained from the analysis can be visualized by
animation. In oder to get a deformed shape, first select "Display..."
item from“Deformed Shape” submenu of menu. Then,
“Deformed Shape Display” dialog appears on the screen as shown
in the following figure.

The model is animated by the images composed of frames from the
undeformed shape and the deformed shape. The animation can
be shown with or without overlaid image of the original shape.




Chapter 7

Postprocessing of Continuum Analysis

7-55

The methods of rendering can be set independently for the deformed shape and

the undeformed shape.
editable text box in the dialog.

Deformed Shape Animation

Rendering of Deformed Shape
& Wireframe () Outline
) Hidden line removed
() Shading

Rendering of Undeformed Shape
@ Wireframe () OQutline
() Hidden line removed
() Shading () None

Color of Deformed Shape
) Black @& Blue ) Gray

Color of Undeformed Shap

@& Black ) Blue ) Gray
O Bxclude Rigid Body Disp/
Scale= 2.99%e+04 X 1
20

Mumber of Frames

[ 0.K. ] [Cancel]

« Restoring undeformed shape

The number of animation frame can be set using the

radio buttons to select the style of
deformed shape rendering

radio buttons to select the style of
deformed shape rendering

color used for rendering of deformed
shape rendering

color used for rendering of undeformed
shape rendering
Rigid body displacements are removed in

the rendering if this box is checked.

editable text to enter the adjustment factor
of the deformed shape scale

number of frames used for animation

Once the deformed shape of a structural model is displayed, that shape is
maintained and used for subsequent data visualization like contouring, if "Keep
Deformation” option is used. In this case, the undeformed shape is restored by

selecting "Restore” item from“Deformed Shape” submenu of g

Busin]

Contour...
Iso-surface...
Curve Plot...
Surface Plot...
Yector...
Deformed Shape
Seepage
Nodal Values
L _Multi-sten

Display...
Animate...
Restore

4
4

menu.
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Getting numerical values of nodal data

Postpro
Contour...
Iso=-surface...

Curve Plot...
Surface Plot...
Yector..

Deformed Shape |}

Seepage [ 3

Modal Values

Multi-step Yiew

___Dynamic Ras=--""—

displayed nodal values —4-|

In order to obtain the numerical values at a node, select "Nodal Values"
item from menu. Then, "Nodal Values" dialog pops up as shown
below. Select a node and set the desired data item on the dialog. Then, the
corresponding data at the selected node is displayed on the dialog.

A node is selected by clicking it. A node can also be selected by inserting
the node number or by scroll button beside the node number text.

Nodal values of a contoured data can be obtained only when contour
image of the data is displayed on the screen.

[0 == Nodal Value =8

node numbel Node 190

[ Displacements | popup menu for selection of data ite

u =0.0002337716
v = 3.57925e-05
W = -7.93916e-06

Coordinates

Displacements
Resultant forces

Contour value
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Visualization of Multi-step Analysis Data

Nonlinear, dynamic,sequentially staged or adaptive solution is obtained by multi-
step analysis, while linear static one is done by one-step analysis. Data obtained by
multi-step analysis have information for each step of analysis. The data of
intermediate steps may or may not have important meaning, depending on the
type of analysis, or user's interest in the intermediate results.

For dynamic analysis, the intermediate steps correspond to time steps involved in
the analysis, and thus dynamic behavior of the system is represented by the data
sets obtained for time steps.

Nonlinear analysis may also involve more information than linear analysis in
conjunction with its intermediate steps of load increment. The nonlinear behavior
of the system can be observed by examining the data obtained at various levels of
load increment.

As for adaptive analysis, data obtained at the intermediate steps may either show
progressive behavior of the system or suggest numerical characteristics of the
solution.

Thus, visualization of intermediate steps may be important not only for dynamic
analysis but also for nonlinear, or adaptive analysis.

Additional capabilities of postprocessing are required for better treatment of multi-
step analysis data as described below.

Stepwise rendering of multi-step analysis results

The results obtained from multi-step analysis can be postprocessed in the same
forms used for single step analysis, i.e., contour, vector, diagram, and so on. In case
of multi-step analysis, however, data for more than 2 steps cannot be visualized at
once. They should be expressed as sequential sets of data by employing step-by-
step visualization.

The transient behavior of a dynamic system, for example, can be expressed
graphically by stepwise rendering of multi-step data. Nonlinear response of the
system to load increment can also be represented by sequential visualization of
data obtained at intermediate steps

[ Postpro | « Stepwise rendering of multi-step analysis results

Contour...
Iso-surface...
Curve Plot...
Surface Plot...
Yector...
Deformed Shape
Seepage

Nodal Values

Mode Shape

Multi-step View

Dvnamic Response

Stepwise rendering of multi-step analysis results can be initiated and

controlled by using "Step Control Panel" dialog. The dialog pops up when
you select "Multi-step View" item fromiiETIs8 menu.

: The time step can be moved forward or backward using the control

buttons, or specified directly by editing the step text box as described

below. However, the image on the main window will not be updated when

the time step is altered, unless "Instant Update" box is checked.
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If this box is checked, the rendered Scale adjustment
image is instantly updated when the
time step moves

< Stepwise rendering of multi-step analysis >

Popup menu (Windows: dropdown list) : The popup menu is used to set
directly the desired step to the current step. The popup menu items indicate
the step numbers and the step labels.

Step number text : The step number text indicates the currently rendered
solution step like Step[18 . The number can be altered directly editing the
text in the box, or by using scroll buttons. As soon as the number is changed,
the image rendered on the main window is updated accordingly, if "Instant
Update" text box is checked. Otherwise, the image will not be updated even
if the number is altered.

The step number should be less than or equal to the total number of solution
steps included in the multi-step analysis.

"Consistent Scale" check box : If this check box is checked, a consistent scale is
applied to all steps in rendering contours, deformed shape, and so on.
Otherwise, independent scale is applied to each of the step.

"Instant Update" check box : This check box is used to turn on or off the state
of instant update by which the rendered image is renewed whenever the step
number is altered.
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« Selecting the method of stepwise rendering

As already described above, various methods of rendering can be employed to
represent multi-step analysis results. The method of stepwise rendering coincide
with the method applied prior to initiating the stepwise rendering. As an example,
if you start stepwise rendering after creating a contour image of a normal stress
component , then all the subsequent images will be rendered by contours of the
same stress component as long as "Step Control Panel" dialog is on the screen.

« Ending stepwise rendering

Stepwise rendering mode is maintained while "Step Control Panel" dialog is on the
screen, and can be terminated by closing the dialog or by starting any other menu
command. The step number remains

Stepwise rendering of sequentially staged analysis results

A sequentially staged analysis is also a kind of multi-step analysis, and accordingly
its analysis results can be visualized and examined interactively by using multi-
step view. The following figure shows an example of multi-step view of a
sequentially staged analysis results with 6 stages. Consistent scale option is used
in this example.

e ¥

stage 4 stage 5 stage 6

< Multi-step view of sequentially stage analysis results >
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Visualization of Dynamic Analysis Data

A dynamic analysis produces various data such as displacements, strains and
stresses for each of the time steps involved in the solution process. The dynamic
responses can be represented as functions of time on the basis of these data. The
responses can be expressed using different coordinates, i.e., actual spatial
coordinates and modal coordinates. Plotting in modal coordinates is available
only when the solution is obtained by the method of mode superposition.

Visualizing dynamic response

The dynamic analysis results can be visualized by multi-step view as described in
the preceding section. On the other hand, these data can also be organized into
transient variation, i.e. time history of a certain response in the dynamic system.

» Visualizing dynamic analysis results using multi-step view

Multi-step view is used in visualizing the dynamic analysis data along the time
steps. Select "Multi-step View" item from menu. Then, "Multi-step
View" dialog appears on the screen. Using the control buttons of this dialog, the
analysis data can be rendered step by step,

Sten forvward If this box is checked, the rendered image i
P instantly updated as time step changes
Step backward
Stap
|

0 =————Multi-stepliew———8~

Playy

ly displ
‘ Playback Currently displayed

time step number

I 1 1 1
T T
f this box is checked, u [ ¥lg] step |1 of 20 steps.
1 scale of rendering is applied R4 Consistent Scale B4 Instant Update

onsistently to all steps.

Scale adjustment b e a1

« Visualizing dynamic analysis results in time history form

m Time history can be represented by plotting the transient variation with

Contour... respect to elapse of time. In addition, stepwise rendering of dynamic motion
'csu':_;?';f:tce“' paired with time history plot will give better visual effect.

Surface Plot... "Dynamic Response" window is a kind of base for visualizing dynamic
Yector... f . f i I d h ind | "D .
Deformed shape  p| esponse as a function of time. In order to open the window, select "Dynamic
Seepage F| Response" item from [IETTN menu. "Dynamic Response” window has the
Nodal Values . . . .
Multi-step View upper part with various controls and the lower part with area of plotting

'“"‘ S BT time history data. Stepwise dynamic motion can be animated in association
ode Shape

= ..~ — with the time history plot using the functions described below.
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Currently displayed time step
Step forward

Trace nodal f ;
Step backward | play movement Display speed adjustment
Display scale adjustment Stop Repeat
. |
Radio buttons to choose one -
from actual displacement | I3 % Dyriarhic Respinse———— &
space and modal space \\@ Spatial coordinates [ m [ [ step[1 |
M2 Modal coordinates :
Popup menu to select i -
display item Displacement Norm L] N
@.885 . .
80641 _
@683 - _
.62 g
Graph representing @1 |
time-dependent variation .
of dynamic response x?\
-8.884 | g
-8.802 |- g
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— ] ]
B.083 2] 1.0 2.8
Time

< An example of time history plot >

« Control buttons:

- Stop button [=] : Click this button to stop sequential stepwise rendering, i.e.,
animation.

- Step backward button [41] : Click this button to move one step backward in
stepwise rendering. If animation is running, it will be terminated, and play
button automatically pops up.

- Step forward button [B] : Click this button to move one step forward in
stepwise rendering. If animation is running, it will be terminated, and play
button automatically pops up.

- Play button [»] : Click this button to start animating stepwise rendering.
Then, this button looks pressed like [¥], stepwise animation goes on.

- Repeat button [&] : If this button is not pressed, animation terminates at the
last step. But, if this button is pressed like [@], animation continues
backward, when the animation reaches the frame of the last step.

- Trace button . If this button is pressed like [E&], the trace of nodal
movement is recorded and displayed while animation continues.

= Step text box : This editable text item shows the currently displayed time step.
The time step can be moved directly by editing this editable text.

< Mode text box : This editable text item shows the number of the currently
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displayed dynamic mode. The dynamic mode can be altered directly by

editing this editable text, or by using scroll button to the right of this text box.

This text item is visible only when "Modal coordinates” radio button is turned

on.

Slide control of scale : The scale of dynamic motion or dynamic mode is

adjusted by using this control.

Slide control of speed : The speed of animation is adjusted by using this

control.

Radio buttons: There are 2 radio buttons to set the type of time history.
"Spatial coordinates" : The time history is expressed directly by nodal values
of displacements, velocity and acceleration.

"Modal coordinates" : The time history is expressed by linear combination of
modal coordinates for displacements, velocity and acceleration.

Popup menu: The menu consists of display items. The contents of the time

history plot are altered by changing the menu item.

Turn on this button to obtain
displacement history

|

]

Dynamic Response

é‘,- Spatial coordinates [m[d[ v G[E] step

Speed

) Modal coordinates Scale

Displacement Norm
Displacement in X
Displacementin¥
Displacementin Z

Yelocity Norm
Yelocity in X
Yelocityin¥
Yelocityin Z

Displacement Norm S T e ]| P
P Lj 164 116 414 1 4 16 6d L6416 14 1 4 16 64
Time=G.432
Value=0.86447052
H . EEG T T
@085
H . EEd

Acceleration Norm
Acceleration in X
AccelerationinY
Acceleration in Z

Turn on this button to obtain Scroll up and down mode number

Mode history popup menu

modal history

[vnamic Response

D}E
spatial coordinates [m[a] ]S step Mode IT'_—I

‘

Currently displayed time step \

B

Displacement
Yelocity
Acceleration
Normalized Motion

Modal coordinates stcale Speed
i = T | [ T 11111
[\DISDIacement L] 164 116 14 1 4 16 64 164 116 14 1
Time=6.72
Fregq.=3.5 Hz
Yo lue=H.8252267
.4 el :
o83 A

<Selection of coordinates for plotting dynamic response>
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« Plotting time history records of nodal value in spatial coordinates

In case "Spatial coordinates” radio button is on, a nodal value changing as a
function of time is plotted on "Dynamic Response” window. The nodal value
represents one of displacement, velocity, acceleration, and their components which
have been recorded for each time step of dynamic analysis.

The following is the procedure of visualizing the time history of a nodal value.

1) Select "'Dynamic Response" item from menu.

2)

3)

4)

Turn on this button to display the nodal values directly.

Deformed shape at
the current time step

Displayed data item

Time history window pops up.

Turn on "Spatial coordinates” radio button, if it is not.

Initially this radio button is on by default. While this button is on, the popup
menu contains the items relevant to displacement time history.

Select the node whose record is to be displayed.

The node for time history plot is not specified at the beginning, and thus
"Dynamic Response” window show the message "Select the node for time
history record". At the moment a node is selected from the model, the time
history record of the node is plotted on "Dynamic Response™ window.

Select the popup menu item to change the displayed data item.

The popup menu contains following items which represent the types of the
data record.

O Dynamic Response

@ Spatial coordinates [m[a[ [y ][] step

{3 Modal coordinates Scale
Yelocity in X

Selected node

:I e —— —— | [ — f———
64 1M6 14 1 4 16 B4 14 16 U4 1 4 16 B4

Timed. 1)

_
Ha lue=ELH2335E3
T

T
Current time step

Current nodal value

DD DD oo S

i N R R R

Bl S TR By N |
T

—@.81
—@.62
—@.6832
—@.684
—@.683
=@ .86
—@.67

LU I N B R
=

Time

<Time history plot in spatial coordinates>
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“Displacement Norm” : magnitude of displacement.

Displacement in X
Displacement in ¥
Displacement in Z

Displacement Norm

“Displacement in X : displacement component in X direction.
“Displacement in Y : displacement component in Y direction.
“Displacement in Z” : displacement component in Z direction.

Yelocity Morm
Yelocity in X
¥elocity in ¥
Yelocityin £

“Velocity Norm” : magnitude of velocity.
“Velocity in X : velocity component in X direction.

Acceleration in X
AccelerationinY
Acceleration in Z

Acceleration Norm

“Velocity in Y” : velocity component in Y direction.
“Velocity in Z” : velocity component in Z direction.
“Acceleration Norm” : magnitude of Acceleration.

“Acceleration in X" : Acceleration component in X direction.
“Acceleration in Y” : Acceleration component in Y direction.
“Acceleration in Z” : Acceleration component in Z direction.

The time history record of the specified data item at the selected node is plotted on
"Dynamic Response” window. The plot has horizontal axis for time and the
vertical axis for magnitude of nodal value. The scales of horizontal and vertical
axes are determined automatically so that the plotted graph makes the best of the
space on "Dynamic Response" window.

« Plotting time history records in modal coordinates

In case the dynamic solution is obtained by the method of mode superposition, the
modal coordinates are recorded for each time step of the analysis. The record of
the modal coordinates can be plotted against time by the following steps:

1) Select "Dynamic Response" item from menu.

Time history window pops up.
2) Turn on "Modal coordinates" radio button, if it is not.
If this button is on, the popup menu contains the items relevant to mode
history, and the mode number text box Mode E is shown at the top right
corner of "Dynamic Response” window.
Set the number of the mode to display.
The mode number can be set by directly editing the text in the mode number
text box or using the scroll button.

3)

4) Select the popup menu item to change the displayed data item.
The popup menu contains following items which represent the types of
modal coordinates.

“Displacement” : modal coordinates for displacement.

Displacement
Yelocity
Acceleration
Mormalized kotion

“Velocity” : modal coordinates for velocity.
“Acceleration” : modal coordinates for acceleration.

“Normalized Motion” : normalized periodic motion of a mode.

While the plotting of modal coordinates is shown on "Dynamic Response" window,
the motion of the corresponding dynamic mode is displayed on the main window.
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Currenttime step  Current mode numbe

|

[0 =—— Dynamic Response % =]
Modal frequency in Hz (| ) Spatial coordinates [W]A] V]G [co] Step Mode lT'_—I
5

#® Modal coordinates SC

= 2| E
Msplacement > Iur:
_ ife=0.43
@Qfa\:a .92?54g?>
T

64 1164

B.64

@82 |- 4
G.81 - Current time and modal
a coordinates
-6.81 |- S 4
Mark indicating the modal
—@.82 | coordinate at the current time step |
-8.83 [ ]
. . .
BB g 1.8 ] 2.8
Mode shape animation Time

<Dynamic response plot in modal coordinates>

« Animation of dynamic motion

The dynamic motion of the model can be animated in coupling with the nodal
value plotted on "Dynamic Response" window. The animation is initiated by
clicking the play button [¥] of the window, and proceeds one frame for every time
step while the button is in pressed state []. The animation is terminated when the
frame moves to the last time step, and the play button returns to unpressed state.
If the playback button is in pressed state [@] , the animation continues with the
time frame progressing forward and backward alternately.

While animation is running on the main window, the nodal value plot
corresponding to the currently displayed animation frame is marked by a small
square mark = on "Dynamic Response" window.

In case of mode history plotting, the motion of a dynamic mode is animated in
coupling with the modal coordinates plotted on "Dynamic Response™ window.

« Displaying the trace of nodal movement

If trace display button is in pressed state [&#], the trace of a nodal movement is
recorded and displayed while the animation is going on. In order to remove the
trace, turn the button to unpressed state by clicking the button.

« Changing the time step

While animation of dynamic motion is going on, time also progresses and the time
step number is reflected in the step text box. The time step can also be changed by
using step forward button [1x] or step backward button [41].
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The time step can also be changed by editing directly the number in the step text
box. As soon as the step number is altered, the image of dynamic motion is
updated to the frame of corresponding time step.

« Dragging the time step

The time step representing the currently displayed animation frame can be moved
forward or backward by dragging the square mark on the nodal value plot. The
current time step changes along with the movement of the mark. This action can
be achieved by the following procedure.
1) Place the cursor over the square mark and press the mouse button.
A vertical line is drawn to indicate that dragging is started. Animation is
paused, if it is running.
2) Drag the mark with mouse button pressed.
The vertical line as well as the mark moves along with the mouse movement.
The time step also changes as the mark moves. The image of the model on the
main window is also updated in accordance with the motion at the time step.
3) Release the mouse button.
Dragging is completed, and animation is resumed if it was running before the
start of dragging. Depending on the direction of dragging, the progress of
time is also altered either into forward or backward direction.

O =—Dynamic Response—————1
@ Spatial coordinates [m[a[ ] [@]F] step |47
() Modal coordinates Creala tnoad
— namic Besponsp, =""—m—————————
[Dlsplacement Norm Dy P = H
@ Spatial coordinates [m[a[ ] »[]&] step (141
odal coordinates
1) Press the mouse button SIE _____________ Speed .
i i 1 Displacement Norm = T 1 T 1 T T 11T T
to startamggsm_g time step — [ P Lj 164 116 114 1 16 /6d 164116 14 1 4 16 64
B.88d - Time=1.4@
@.883 |- 2) Drag the mark =8, B3 05EE
@.002 - 8. tomove the time step. 1 T
5 .68 a.885 _
a A EEd | |
—@.emi | a.863 |- 3 _
_@.eo2 b 082 - 3) Release the mouse button 4
—a.a03 | A.681 to end moving time step. i
-6.004 | @
—@.mEs |- —-@.8@1 |- |
G565 -8.862 |- _
a -@.063 |- i
-@.086d |- _
-, B6S |- |
—_ ] 1
B'Baﬁa 1.8 z.8
Time

<Moving the time step by dragging>
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« Adjusting the animation speed and the deformation scale

Dynamic motion or dynamic mode is animated with the speed and the
deformation scale optimally determined by the software. This speed and the scale
can be adjusted using the slide controls provided on "Dynamic Response” window.

« Resizing "Dynamic Response” window

"Dynamic Response" window can be resized by dragging size box(Mac OS) or
window border lines(MS Windows). A subsequent time history image is drawn to
fit the resized window.

« Ending time history display

Time history display mode is going on while "Dynamic Response" window is
open, and can be terminated by closing the window or by starting other menu
command.

Visualizing dynamic mode shape

The dynamic motion can be decomposed into a number of dynamic modes, which
are extracted by eigenvalue analysis of the dynamic system. Data related to
dynamic modes are also important ingredients of dynamic analysis. The shape of
dynamic modes can be represented by deformed shape or animation. In order to
visualize dynamic modes, the system should be solved with "Mode superposition™
or "Modal analysis" option in "Dynamic Analysis Options" dialog.

« Starting and controlling mode shape display

"Mode Shape Control" dialog is used to control the display of mode shape.

Contour... i . .

Iso-surface... Select "Mode Shape" item from menu to open the dialog. The dialog

Eﬂ::c';";f;'t has the same control buttons as "Step Control Panel" dialog described in the

Vector.. preceding section.

Def d Sh L .

5:;:::;2 pe : The mode shape is animated when play button [»] is pressed. The number of

Nodal Yalues frames for animation is determined by the software regardless of the number

Multi-step Yiew . . . . . .

Dynamic Response of time steps involved in the analysis. The animation frame can be moved
forward or backward one by one using forward button B or backward
L —_Open Imass=——"" —

button [41] respectively.
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Step forward
Step backward | Play Modal frequency
Stop ‘ Play back  Mode number
|

Dynamic mode shape O % KMode Shape Control =]

ﬁmh"ﬁ'ﬂ Mode |5_—| Frequéncy

Speed

Deformation scale adjustment \
Animation speed adjustment

<Display of dynamic mode shapes>

« Selecting the mode to display

The dynamic modes are numbered in ascending order of their frequencies, i.e.,
smaller number for lower frequency and larger number for higher frequency. The
mode for display is selected by its number. The number of the currently displayed
mode is shown in the text box of the dialog. The number can be picked by directly
editing the text or by using scroll buttons. As soon as the mode number is
altered, the shape of the corresponding mode is displayed on the main window,
and the frequency of the mode is indicated on "Mode Shape Control" dialog.

« Scale of display

The mode shape is displayed with the deformation scale optimally determined by
the software. The scale can be adjusted by using a slide control of the dialog.

« Speed of animation

The speed of animation, i.e., the number of frames proceeding per second is
initially determined by the software. The speed can be adjusted by using a slide
control of the dialog.

« Ending dynamic mode display

Dynamic mode display mode is going on while "Mode Shape Control" dialog is
open, and can be terminated by closing the window or by starting another menu
command.
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Visualization of Combined Load Case Results

Multiple load cases can be defined for a structural model as described in Chapter 5.
Multiple sets of analysis results are obtained by solving such a model, You may
easily and conveniently visualize not only the analysis results of the supplied load
cases but also create new results by arbitrarily combining the load cases, using the
multi-loading view function of this software.

« Characteristics of the analysis results with multiple load cases

The multiple load solution is only possible for linear static analysis based on the
assumption that the computed displacements are linearly proportional to the
magnitude of the applied loads. If there are n load cases, the same number of
displacement vectors (Dl, D2, ey Dn) are obtained respectively from the
corresponding force vectors (Fl, F Fn) . Each of the force-displacement
relations is expressed with an identical stiffness matrix K.

KD =F (i=1,..,n)

The stiffness matrix is decomposed only once, and back substituted for each of the
force vectors to yield the corresponding displacement vector. Further combination
of load cases is valid due to the linear force-displacement relationship Let the
force vector due to a combination of n load cases be,

n

F.= ach

i=1
Then the resulting displacement vector can be obtained simply by the same linear
combination,

It is based on such linearity that arbitrarily combined analysis results can be
derived from the results of the multiple load cases using the multi-loading view
described below.

« Starting multi-loading view

Select "Multi-loading View" from menu in order to start the

Contour...
Iso-surface...
Curwve FPlot...
Surface Plot...
Yector...
Deformed Shape
Seepage

Nodal Values

function. Then, "Multi-load View" dialog appears. Using this dialog, you
may view the analysis results of each load case, and go further for
visualization of the synthesized results due to combined load cases. This
> multi-loading view applies to all analysis results including displacements,
stresses, etc., and also to most of the postprocessing images such as contours,

Multi-loading Yiew deformed shape, etc. In the case of interactive real time processing, the

Dynamic Response | mylti-loading view is also processed in real time.

~—Mnde She—"
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O

Multi-Load Yiew —"=H

Combined Load Case

popup menu [1. Initial =] o
selecting the load case L ! 1. Initial

2.Mo name
check box for instant | —£] Instantupdate | Update 3. Piled
update mode 4. AfterCutting
3. Retained

update button used when instant
update mode is turned off.

« Visualizing the analysis results of each load case

The finite element processing produces as many data sets as the number of load
cases supplied for the analysis. Each set appears as an item in the popup
menu(Windows: dropdown list) of "Multi-load View" dialog. A computed data set
is visualized by choosing the corresponding popup menu item. The visualization
is instantly realized if "Instant update” box is checked. Otherwise, the view is
updated only when button is clicked.

« Visualizing the synthesized analysis results

In order to obtain the results synthesized by combining the load cases, select
"Combined Load Case" item from the popup menu. Then, the dialog expands and
the list of load cases appears at the lower part of the dialog. Each of the load cases
is indicated by its number and label. Check the check box to the left in order to
include a load case in the combination. There appears an editable text box to the
right of the included load case item. Insert the load combination factor in the
editable text box. The load combination is set by these factors of the included load
cases.

If "Instant Update" item is checked, the view of the analysis results is instantly
updated while the load combination is being set. Otherwise, the view is updated

only when button is clicked.

[0 == Multi-Load Yiew =—H
CDmilE[l Load Case { tombimed Load Case i’
1. Initial
g- Elil "dﬂmE O Instant update
. Pile
4. AfterCutting 4 1.Initial O 3—
9. Retained O 2.Noname .: linear combination factor
& 3.Piled Z_+—
[ 4.AfterCutting
check box turning on or off £1 5.Retained
the load case

\
load case number load case label
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Visualization of Seepage Analysis Data

Analysis of a seepage problem gives various results including hydraulic heads,
flow vectors, flow velocity, flow path, phreatic surface, and flow discharge. Some
of them can be visualized by normal postprocessing functions such as contouring
and vector representation. But there are other types of seepage analysis data which
cannot be represented properly by such postprocessing functions. There are
visualization functions prepared specially for seepage analysis. The menu items
for these functions are provided inlGEGIEN menu.

Visualization of scalar and vector data

Contouring and vector representation are the most generalized method of
visualizing finite element analysis results, and are appropriate for visualizing the
scalar or vector data directly obtained from a seepage analysis.

« Contouring of scalar data

There are a number of data items obtained from seepage analysis, which appear in
the popup menu(Windows: dropdown list) of "Contour Display" dialog as shown
below The popup menu items are arranged in the same order as the data items are
saved in the file. The scalar data from seepage analysis consist largely of hydraulic
head, hydraulic gradient, flow velocity and pore pressure.

Hydraulic Head —— Hydraulic head

Gradient in X Dir — Hydraulic gradient in X directior
Gradient in ¥ Dir -1— Hydraulic gradient in Y directior
Gradient in Z Dir —}— Hydraulic gradient in Z direction
Gradient Norm —}— Norm of hydraulic gradients

Yelocity in X Dir [ Component of flow velocity in X direction
Y¥elocity in ¥ Dir [ Component of flow velocity in X direction
Velocity in Z Dir —|— Component of flow velocity in X direction
Valocity Norm —|— Flow velocity

Pore Pressure —|— Pore water pressure

Various methods of applying contouring (for example, displaying contours on cut
plane, parallel plane, etc.) are also valid for seepage analysis data. Refer to
"Visualizing Scalar Data by Contours" section of this chapter.

Other variant methods of displaying scalar data such as iso-surface representation
and curve plotting can also be used in visualizing seepage analysis data. Refer to
"Visualizing Scalar Data by Iso-surface and Others" section of this chapter.
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5.008

5.250

<Contour image of hydraulic head>

« Representing vector data

Flow velocities and its directions computed from seepage analysis can be
visualized by vector representation. The X, Y and Z components of seepage flux
can also be displayed by vector representation. Refer to"Visualizing Vector Data"
section of this chapter for more detailed explanation on vector rendering.

FluxinXDir  — Flux in X direction
Fluxin ¥ Dir  —+—— Fluxin Y direction
Flux in Z Dir —— Flux in Z direction
Flow Direction |—— Flow direction

<Vector representation of flow velocity and directions>
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Visualization of phreatic surface

The phreatic surface is one of the most informative and useful data obtained from
unconfined seepage analysis. The phreatic surface is represented by a curve in
plane and axisymmetric analysis, and by a surface in 3-D seepage analysis.

« Rendering of phreatic surface in 2-D seepage analysis

The phreatic surface is represented by a curve in plane or axisymmetric analysis.
There are a number of options for rendering the phreatic surface which can be set
by the following procedure.

1) Select "Phreatic surface" item from "Seepage" submenu of menu.
"Phreatic Surface Display" dialog opens. Set the options related to rendering
of the phreatic surface.

Phreatic Surface Display

Phreatic Surface Rendering —f— Method of representing the phreati

i Curye |— Applicable only to 2-D models
& Areafill

<) Surface shading — 1 Applicable only to 3-D models

Model Rendering ———3— Method of representing the model

2 Overlay
2 Wireframe
@ Outline

@Opagque shading Applicabl ly to 3-D del
<) Transparency shading |/ PP icable only 1o 3-D models

Color
) Gray @& Blue

[Cancel] [ 0.K. ]|

-

Phreatic Surface
Flow Path
Discharge

2) Set the "Phreatic Surface Rendering" option.
The phreatic surface can be represented either by line(curve) drawing or by
area fill. There are 3 items of this option, but only 2 items, "Curve" and "Area
fill" are enabled for plane or axisymmetric seepage analysis. The other one is
used only for 3-D volume seepage analysis.

3) Set the "Model Rendering" option.
There are also options related to how the finite element model is rendered
together with the phreatic surface. There are 5 items for this option, but only
3 items are enabled. The other one is used only for 3-D seepage analysis.
“Overlay” : The phreatic surface is drawn over the current screen image.
“Wireframe” : The wireframe mesh of the model is drawn.
“Outline” : The outline of the model is extracted and drawn.
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- “Opaque shading” : A part of the model is rendered by shading. This
option is applicable only to 3-D model.

- “Transparent shading” : The boundary of the model is rendered as
transparent objects. This option is applicable only to 3-D model.

4) Set the "Color" option.
The rendering color of the phreatic surface can be selected from blue and gray.

5) Click button to complete setting options of phreatic surface rendering.
"Phreatic Surface Display" dialog closes, and the phreatic surface is rendered
in accordance with the option setting.

curve
outline

area fill
outline

area fill ‘H'
Aﬂ‘s‘s‘%"‘{ﬁ
RiAVAVAVAVAVAN
OO

S
AAWA;
e

<Comparison of options for rendering of phreatic surface>

« Rendering of the phreatic surface in 3-D seepage analysis

The phreatic surface is represented by a surface in 3-D seepage analysis. The
phreatic surface is rendered in the form of iso-surface. Thus, phreatic surface
rendering for 3-D analysis usually takes much longer time than 2-D analysis.

The rendering options are set by the same procedure as 2-D seepage analysis.
There is no choice of phreatic rendering method other than "Surface shading." The
finite element model can be rendered in various forms selectable from model
rendering options in "Phreatic Surface Display" dialog.
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/ model represented by outline

model represented by opaque shading

model represented
by transparency shading

< Rendering of phreatic surface in 3-D seepage analysis >
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Visualization of flow path

A flow path represent the route of water flow, and is obtained by tracing the
velocity vector. A flow path is very close to but not identical with the flow line
which can be obtained from a seepage analysis with revered boundary conditions
on the basis of dual relation between hydraulic head and flux.

« Interactively displaying a flow path

The phreatic surface is represented by a curve in plane or axisymmetric analysis.
There are a number of options for rendering the phreatic surface which can be set
by the following procedure.

1) Select "Flow Path" item from "Seepage" submenu of menu.
"Flow Path" dialog opens. The flow lines and related information can be
displayed interactively using dialog and mouse clicks.

m O =—="HowPath=—=8
Contour... Vel b,
Iso-surface... Vi = 0.147912 sh the fi locit
T3 ows the flow velocity
L eRint., Vy = -0.022801 at the mouse clicked point.
Surface Plot... ]
Yector... .
Deformed Shape } Display Mode Dragging the cursor makes traces of
Seepage Y Phreatic Surface O Leave trace flow lines, if this box is checked
Nodal Yalues Flow Path [ Display last only C_)nly one fl_owlines are displayed,
Multi-step View Discharge if this box is checked.
...__Ef:'iWJF_f.§§ﬂM~----] [ cear | [clearTrace] Clears the trace of flow lines

Clears all the flow lines.

2) Select "Flow Path" item from "Seepage" submenu of menu.
"Flow Path" dialog opens. The flow paths and related information can be
displayed interactively using dialog and mouse clicks.

3) Click a point within the model.
Then, the flow path passing through the point is drawn, and the flow velocity
at that point is displayed on the dialog.

<Drawing flow path by clicking a point within the model>
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4) Move the mouse with mouse button pressed to drag the flow path.
The flow path is dragged following the cursor point, while moving the mouse
with mouse button pressed.

Mouse movement

< Dragging the flow path >

« Displaying multiple flow paths

A new flow path is drawn as another point is clicked. If "Display last only" item of
"Flow Path" dialog is checked, only one flow line is drawn. Otherwise, all the flow
lines at the clicked points are displayed together.

Uncheck "Display last only” box, and click points within the model. The flow
paths respectively passing through the clicked points are displayed at the same
time.

< Displaying multiple flow paths >

« Overlaid display of flow paths

If "Leave Trace" item of "Flow Path" dialog is checked, all the flow paths drawn
following the cursor movement are overlaid. Thus, the flow paths within a certain
range can be displayed together as shown in the figure below.

< Overlaid display of flow paths>
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« Clearing flow paths

The displayed flow paths are deleted by clicking button of "Flow Path"
dialog. The overlaid trace of flow paths are cleared by clicking button
which is enabled when "Leave trace" box is checked.

« Getting flow velocity

The flow velocity and its components in X, Y and Z directions at the point of
mouse click are displayed in "Flow Path" dialog. The display is continuously
updated while the flow path is being dragged.

Visualization of flow discharge

The flow discharge through a designated section can be viewed interactively. The
section can be set at arbitrary position and in arbitrary direction as desired. There
are some differences between 2-D and 3-D seepage models in setting the section.

« Getting flow discharge in a 2-D seepage model

The flow section is represented by a straight line in 2-D seepage model. The cross
section is interactively set and the discharge through this section is viewed by the
following procedure:

1) Select "Discharge" item from "Seepage" submenu of menu.
"Flow Discharge" dialog opens. The flow section is interactively designated
with the aid this dialog, and the discharge is displayed in the section.

O

Flow Discharge =8

ischarge=1.095024

Cross Section 5etting
@ Select curve
2 Input curve
2 Modify curve

Shows the flow discharge
through the designated section.

Method of setting the cross section

If this box is checked, the discharge
| _ is instantly computed and displayed

Phreatic Surface

Flow Path Display Modes /’ when a cross section is set.
2 B Instant display
_— If this box is checked
4 On screen — ,

[— the cross section and the discharge
is displayed over the model.

[ Clear ] [Display]

2) Choose the methods of setting the cross section in "Flow Discharge" dialog.
“Select curve” : The flow section is designate by selecting an existing
straight line. This line may or may not be part of the analysis model.
“Input curve” : The flow section is designate by creating a new straight
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line.
“Modify curve” : The flow section is continuously updated by modifying
an existing straight line.

3) Choose the display mode.
“Instant display” : If this box is checked, the discharge is instantly
computer, and displayed as soon as the cross section is designated.
“On screen” : If this option is on, the discharge is displayed over the cross
section image on the main window.
4) Set the cross section by the method chosen in step 2).
If "Instant display” mode is on, the discharge is displayed instantly as soon as
the section is set. The discharge is displayed on "Flow Discharge" dialog. If
"On screen” mode is on, the display and its direction is indicated over the
cross section drawing.
5) Click button to display the discharge.
If "Instant display" mode is on, this step is not necessary. button is
enabled only when "Instant display" mode is on.

The discharge through the cross
section is displayed.

Selected curve is set
as the cross section.

Newly created line|is set
as|the cross section,

The disc e through the cross
@section is disp -
s o

Discharge is,updated as the
line is modified.

i

1.6830647

b

< Displaying the discharge through specified cross section >
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« Getting flow discharges through multiple cross sections

More than one cross section can be specified for computation of discharge at the
same time, simply by setting the cross sections one after another. Setting new
cross section does not replace the old setting. Click button to clear the
setting.

H.264003

1139968
B.665992
== =1 B )

< Setting multiple cross sections for display of discharge >

» Getting flow discharge in a 3-D seepage model

The flow section is represented by a plane or a surface mesh in 3-D seepage model.
The cross section is interactively set and the discharge through this section is
viewed by the following procedure:

1) Select "Discharge" item from "Seepage" submenu of menu.
"Flow Discharge" dialog opens. The items of the dialog are not the same as
that of 2-D model.

[0 ==FHlowDischarge ==H
Discharge=53.260495
Cross Section Setting Choose this option to set the cross sectior
@ Select surface using surface meshes.
i3 Set cut plane Choose this option to set the cross section

Display Modes using a cutting plane.

B Instant display
[ On screen

[ clear | [Display|

2) Choose the methods of setting the cross section in "Flow Discharge” dialog.
“Select surface” : The flow section is designate by selecting an existing
surface mesh. The surface mesh should be part of the analysis model.

- “Set cut plane” : The cross section is defined by the cut plane which is
usually used for contouring.

3) Choose the display mode.
It is the same as 2-D model. "Instant display" option is disabled if the method
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of setting cross section is "Set Cut Plane".

of Continuum Analysis 7-81

4) Set the cross section by selecting surface meshes if "Select surface" option is

chosen in step 2).

It is possible to specify more than one surface mesh as the cross sections. The
discharge is displayed over each of the surface meshes if "On screen" display

mode is on.
dialog.
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The sum of the discharge is also displayed on "Flow Discharge"”
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Flow Discharge

Discharge=53.266495
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Discharges through selected surface meshes.

The sum of these discharges is displayed on
“Flow Discharge” dialog.

<Setting cross section by selecting surface meshes>

5) Set the cross section by cut plane if "Se
If this option is chosen, the cut plane s
and "Instant display" mode is turned o
Set the cross section at the desired posi
a cut plane for contouring" in this chap

6) Click button to display the discharge.

If "Instant display" mode is on, this ste
enabled only when "Instant display” m

t cut plane" option is chosen in step 2).
etting mode is automatically activated,

ff. Instead, button is enabled.

tion by the cut plane. Refer to "Setting
ter.

button is

p is not necessary.
ode is on.

7) Click button to clear the setting.

The setting of the cross sections is cleared by clicking button in the

dialog.
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<Setting the cross section by cut plane>

-

<Getting the discharge through the cross section>
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Image and Animation

Postprocessing of continuum analysis creates various kinds of images visualizing
the analysis results. The visualization can be recorded in the form of still images or
animations. Images can be saved in files, and retrieved later. They can also be
captured directly to the clipboard. Animations are created with a sequence of
image frames directed by an animation script. They are saved in animation files
for future replay on the screen.

Image handling

There are 3 functions related with screen image on the main window: image
saving, retrieving and capturing. The image can be saved in a file, or retrieved
from the file. Current version of VisualFEA supports only images of its own
format. The image of the main window can also be captured.

» Retrieving an image saved in a file

The image on the main window can be saved in a file, and can be read and
displayed later. In order to retrieve an image, choose “Open Image...” item
from menu. Then, the file opening dialog appears. The browser of
the dialog shows only valid image files. Locate the desired image file using
the browser, and click button after highlighting the file name or
double click the file name. The file opens, and the image in the file is
displayed on the screen. The file opening dialog has a popup menu to select
the options for displaying the image. The image may be displayed in one of
the following 4 different ways, which are provided as items of the popup
menu.

Open image

=, Macintosh ...

A, myProb.img
& testimg

T
r
= |

& untitied.img
Open “
Diplay Option New Window \ ﬁ—* New Window
\ Replace
Overlay
Popup menu to select the display option Overlay Reverse

< File opening dialog for image retrieval >

= “New Window”: New window is opened, and the image read from the file is
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displayed on this window. The image on the main window remain intact.

« “Replace”: The existing image on the main window is replaced by the image

read from the file.

“Overlay”: The image read from the file is overlaid over the existing image on
the main window. Only non-white pixels of the file image replace the
corresponding pixels on the screen.

“Overlay Reverse”: The image read from the file is overlaid over the existing
image on the main window. Non-white pixels of the file image turn the
corresponding pixels on the screen into white.

ey
h\|‘\\§\\\\\\\‘\\§\\\§§\\,\\§\‘~k{‘}\“{
IR

gearHidden.img

“Replace”

R e
R
JR

BAY “'
4‘\\\\\\‘\}\%§\§‘

“Overlay”

=
‘ﬁ.‘:?,lj‘l,|||||||l.!«!‘ﬁm

“Overlay Reverse”

< 4 display options for retrieved image >
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« Saving the screen image in afile

Postpro

Contour...

Isnmsurfa-_ C

Moaoe Shape

Open Image...
Save Image...
Capture Image

Play Animation...
Make Animation...

Show Scale

The image displayed on the main window can be saved in a file for later
retrieval. To save an image, choose “Save Image...” item from L{E{I{® menu.
Then, the standard file saving dialog appears. The file name is given initially
as “untitled.img”. This name may be replaced by a desired one.

Extension in image file name is not necessary, but recommended only for easy
identification of file type. VisualFEA endows the type of the image file, and identifies
the file by this type, and not by its extension.
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Postpro
Contour...
—_lsn=-gsurf>=—" "

Mooe Shape

Animation

VisualFEA has the capability of creating and playing animations by which the data
resulting from the finite element analysis may be visualized dynamically. An
animation is created with a sequence of image frames directed by an animation
script. The animation is saved in a file for future replay on the screen.

« Creating an animation
An animation file is created by the following steps:

1) Make an animation script file.
The animation script designates the data item for visualization and the
sequence of animation. The script file should be written in ASCII text using
any text editor such as “SimpleText”.

2) Launch VisualFEA and open the VisualFEA file to be used for animation.
The VisualFEA file should contain a completed finite element model with
analysis results.

-wawe-. - 3) Choose “Make Animation...” from menu.

Open Image...
Save Image...
Capture Image

A standard file opening dialog appears on the screen, when the menu

item is chosen.
»

Play Animation...
Make Animation...

4) Open the script file.
Browse the desired script file using the file opening dialog, and open the

Show Scale

| file. When the animation commands are completely read from the script

file, a standard file saving dialog appears.

5) Give the title of the animation file to be created.
Insert the title of the animation file in the editable text box in the file saving
dialog. The title is initially set as “untitled.ani”,. This title may be replaced by
a desired one.
Extension in the file name is not necessary, but recommended only for easy
identification of file type. VisualFEA endows the type of the animation file, and
identifies the file by this type, and not by its extension.

6) Let VisualFEA create and save the animation.
Creation and saving of the animation file is started by clicking the button in
the file saving dialog.

While the animation is created, it is displayed on the main window. At completion
of creation, the animation is saved in the file with the designated title.
« Writing the animation script

The script file is a text file with the commands directing the sequence of the
animation. A string “11” representing animation script file should be placed at the
beginning of the file and followed by animation script commands.
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The commands are written in ASCII text. There are a number of script commands.
A command is denoted by 3 characters, and are generally followed by the starting
frame number and the ending frame number, and may also be followed by one or
more additional argument(s). The generic form of their format can be written as:

com startingFrame endingFrame argumentl argument2...

The scrip commands are listed below.

*“con”: Contour command.
con  startingFrame endingFrame scalel scale2  scaleBarFlag

Contour image is displayed from startingFrame to endingFrame . The data
designated by “dat” command is used for contouring. The contour is scaled
by scalel at startingFrame and by scale2 at endingFrame . If scaleBarFlag is 0,
the scale bar is not shown. If scaleBarFlag is 1, the scale bar is displayed while
animation is going on. The scale changes gradually startingFrame from to
endingFrame . For example,

con 20 40 0.3 10 1
displays the contour image from frame 20 to 40. All the data values are scale
down by the ratio of 0.3 at frame 20, and recovered to full scale (1.0) at frame
40. The scale of the data values changes gradually from frame 20 to frame 40.
The scale bar is shown while the animation is going on.
“dat”: Data command.

dat startingFrame  endingFrame dataltem

The data of dataltem is applied from startingFrame to endingFrame . The
argument dataltem indicates the data item in the popup menu of “Contour
Display” dialog. For example,
dat 1 100 4

applies the specified data set to frame 1 to 100. The 4th menu item in the
popup menu of “Contour Display” dialog reads “Shear Stress XY”, Thus, the
shear stress xy, Sxy is used for display from frame 1 to 100.

“def”: Deformation command.

def startingFrame  endingFrame scalel  scale2

Deformation of the model is animated from startingFrame to endingFrame .
The deformation is scaled by scalel at startingFrame and by scale2 at
endingFrame . The scale changes gradually startingFrame from to
endingFrame. For example,

def 5 60 0.0 1.0
displays the deformed shape of the model from frame 5 to 60. Deformations
are depressed at frame 5, and get the full values at frame 60.
“hid”: Hidden line removed mesh command.

hid startingFrame  endingFrame
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The model is rendered in the form of hidden line removed wireframe
“out”: Outline command.

out startingFrame  endingFrame

The model is rendered in the form of outline.
“pan”: Panning command.

pan  startingFrame endingFrame hPan vPan

The image is panned hPan pixels in horizontal direction and vPan pixels in

vertical direction gradually from startingFrame to endingFrame . For example,
pan 30 40 200 -100

moves the screen image 200 pixels horizontally and -100 pixels vertically from

frame 30 to 40.

“rot”: Rotation command.

rot startingFrame  endingFrame xAngle yAngle zAngle

The view of the model is rotated xAngle degrees about x axis, yAngle degrees
about y axis, and zAngle degrees about z axis gradually from startingFrame to
endingFrame . For example,

rot 41 50 30.0 -120.0 0.0
rotates view 30° about x axis, -120° about y axis gradually from frame 41 to
frame 50.
“sha”: Shading command.

sha  startingFrame  endingFrame

The model is rendered in the form of opaque shading from startingFrame to
endingFrame .
“tra”: Transparent shading command.

tra startingFrame  endingFrame minTransparency  maxTransparency

The model is rendered in the form of transparent shading from startingFrame
to endingFrame . The transparency ranges from minTransparency to
maxTransparency in percentage. minTransparency and maxTransparency should
have a value between 0 and 100. The value is 0 for opaque objects, and 100
for perfectly transparent objects. For example,

tra 51 70 20.0 80.0
displays the model by transparent shading from frame 51 to 70. The
minimum transparency is set as 20%, and the maximum transparency as 80%.
“z00”": Zoom command.

Z00o startingFrame  endingFrame zoomScale

The model is zoomed to the scale of zoomScale, gradually from startingFrame to
endingFrame . For example,

zoom 51 70 2.0
zooms the view up to twice as large from frame 51 to 70.
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If 2 or more commands are in conflict with each other, the last one overrides the
preceding ones. The use of the script commands is exemplified in the following,
and their meanings are explained below.

11

dat 1 GA 3

dat Al 284 f

def 61 ]} H.8 1.8

rot 1 38 5.8 -120.8 6. @
con 1 ¢ H.8 1.4 1
con 41 15} 1.8 A.0 1
def Al 1688 1.8 A.0

rot 121 158 -gAa.8 t4.68 -128.8
con 161 168 H.8 1.4 1
con  lal 2688 1.8 A.8 1
sha il 168

tra 281 228 26.H GH. 8

The above script will result in an animation with the following contents.

The total number of frames in the animation is 220, because it is the maximum
value of lastFrame appearing in the script.

The data set designated by the popup menu item 3 is applied to frame 1 to 80.
The data designated by the popup menu item 6 is applied to frame 81 to 200.
Deformed shape of the model is displayed from frame 61 to frame 80. The
deformation scale factor is 0 at frame 61 and 1.0 at frame 80.

The view of the model is rotated 50° about x axis, -120° about y axis and 90°
about z axis. The rotation starts at frame 1 and ends at frame 30.

The contour image is displayed from frame 1 to 40. The data scale factor is 0.0
at frame 1 and 1.0 at frame 40. The scale change gradually from 0.0 to 1.0. If
the scale is 0, all data values are set as 0. If it is 1.0, the actual data values are
used. The data set of popup menu item 3 is applied for contouring, because
the frames are between 1 to 80.

The contour image is displayed from frame 41 to 80. The data scale factor is
1.0 at frame 41 and 0.0 at frame 80. The scale changes gradually from 1.0
t00.0. The data set of popup menu item 3 is applied for contouring, because
the frames are between 1 to 80.

Deformed shape of the model is displayed from frame 81 to frame 100. The
deformation scale factor is 1.0 at frame 81 and 0.0 at frame 100.

The view of the model is rotated -80° about x axis, 40° about y axis and -120°
about z axis. The rotation starts at frame 121 and ends at frame 150.

The contour image is displayed from frame 101 to 160. The data scale factor is
0.0 at frame 101 and 1.0 at frame 160.

The contour image is displayed from frame 161 to 200. The data scale factor is
1.0 at frame 161 and 0.0 at frame 200. The data set of popup menu item 6 is
applied for contouring, because the frames are between 81 to 200.

The shading image of the model is displayed from frame 81 to frame 100.

The transparent shading image of the model is displayed from frame 201 to
frame 220. The minimum transparency factor is 20%, and the maximum 80%.
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Contour...

Mooe Shape

» Playing an animation

One an animation is completed, it is saved in the designated file
automatically. The animation can be replayed later by opening the file. In
order to open an animation file, choose “Play Animation...” item form

Open Image...
Save Image...
Capture Image

menu. Then, a standard file opening dialog appears on the screen.
p| Using this dialog, browse and open the desired animation file. Only files

Play Animation...
Make Animation...

with animation type appears on the browser. If the file is opened
successfully, a new window will be created on the screen, and the saved

Show Scale

animation will be played on the window.

The progress of the animation can be controlled by the buttons and the slider at the
bottom left of the animation window. The total number of frames and the
currently displayed frame number are shown at the bottom right of the window.
The animation can be paused temporarily by clicking the pause button [=]. The
paused animation can be replayed by pressing the play button [¥]. The animation
is moved one frame forward by clicking the forward button [I¥, or backward by
clicking the backward button [41]. The animation can be played forward or
backward by dragging the nob on the slider back and forth.

title of the animation file currently displayed data

O %‘Hamm&am\g B

. 0.368 Contour: Mormal Stress X

7017

4. 666

2.213

—-0.036

-2.387

n ql“l‘»l”»l—‘u—— [ (78 )  TaotalE 220)
! \

backward play .
pause  putton button  slider currently total
button forward control displayed number of

button frame No. frames

< Animation window >
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Chapter 8 Diagrams for Frame Analysis

VisualFEA includes 2-D truss, 3-D truss, 2-D rigid frame and 3-D rigid frame in the
category of frame analysis. Here, frame is the general name of both truss and rigid
frame. The geometry of a frame is modeled by lines. Various kinds of data are
generated from frame analysis: displacements, axial forces, shear forces, bending
moments, etc. Owing to the characteristics of geometry and data in frame analysis,
visualization of its results can be achieved more effectively by diagrams than
surface images described in Chapter 7. Thus, Diagram instead of Postpro menu,
appears on the menu bar if the analysis type is one of the following.

e 2-D truss

* 3-D truss

« 2-D frame

« 3-D frame
The procedure of frame analysis can be divided into the same three stages as in
continuum analysis: preprocessing, analysis, and postprocessing. However,
VisualFEA enables the users going back and forth through the whole procedure of
frame analysis so interactively and freely that these stages may not be distinctive to
the users. At the moment a menu item is selected, the corresponding diagram is
instantly displayed. Thus, the user may feel as if the analysis stage were bypassed,
although all the necessary steps were completed in a short period of time.
Furthermore, whole cycle of frame analysis can be processed in real time. For
example, the bending moment diagram of a frame is updated in real time, while its
geometry is being modified. VisualFEA provides an option to take the above 3
stages step by step if desired, as in the case of continuum analysis.
The menu is composed of three parts as shown below. The first part of
the menu consists of the items to select the diagram, the second part consists of
items to handle the diagrams, and the last part consists of items to set the display
modes.

 piagram [

i orce
Shear Force
Bending Moment items selecting the diagram to display
Reaction

i emen

iagram
Redraw Diagram
Reverse Diagram items handling the diagram
Reverse Element
“Adjust Diagram Seate |

stant Redrawing
Curve Normal Mode
Show Yalues

~Selected Member Only |

items setting the display mode
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Diagrams for Truss and Rigid Frame

Frames in broad sense includes both truss and rigid frame, each of which is
classified again into 2-D or 3-D case. The results of frame analysis are represented
chiefly by member forces instead of stresses or strains. The frame member forces
are usually represented best by diagrams, although axial force of truss members
may be represented better by text strings than by a diagram. The commands
displaying the diagrams are given as menu items in menu. As described
at the beginning of this chapter, the first part of the menu consists of items to select
the diagram and varies depending on the analysis type, and remaining items are
common for all types.

Whenever the analysis type is altered by “Project Setup”, the menu items are
changed to relevant ones. The first part items of the menu are enabled only when
the model is complete for solution, and thus corresponding data are available.

The diagram is displayed instantly after the corresponding menu item is chosen.
The diagram is drawn over the shape of the structure. Two or more diagrams can
be displayed at the same time.

Visualizing analysis data of 2-D and 3-D trusses

If the analysis type is set to either 2-D or 3-D truss, menu has the items as
shown below. The menu has only axial force items as for member forces. In
addition, it has support reaction and displacement items. The following analysis
results are available for 2-D and 3-D trusses.

= Axial force
e Support reaction
= Displacement

It is assumed that all truss members are pin-connected at the joints. Thus, truss
members are subject to only axial force. The data from truss analysis are relatively
simple, and can be visualized efficiently either by diagrams or by text strings.

Axial Force Dia | Display axial force diagram
Axial Force Value —|— Display axial force by value
Reaction —— Display reaction forces
Displacement — 1 Display deformed shape
Clear Diagram

« Displaying axial force diagram

It is assumed in VisualFEA that all truss members are straight, and forces are acting
only at their joints, but not in the middle of the members. Thus, the axial force in a
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truss member is always uniform throughout its entire length. To display the axial
force by diagram, choose “Axial Force Dia” item from JEMEI@ menu. An
example of axial force diagram is shown below.

=1 0 =1 0
1.749 - Nfaﬁ = a1 1,749

=1 000 =1 Qi

I fn gye 1.749 |

S 1. 300
2. o

<Axial force diagram >

« Displaying axial force value

As the axial force in a truss member is uniform, it is simpler to express the value of
the force magnitude by the text than to display its diagram. To display the axial
force by text, choose “Axial Force Value” item from JLIEIM menu. If the axial
force is compressive, the value bears negative sign and is represented in red letters.
Otherwise, the value is positive and represented in blue letters.

—2.400 —2.400 —2.400 —2.400

=2.4150. 400 1.%49 —1]000-0 5230 000 -Ch323-1{0001 @0 0000 -2915

1. 00 1. 200 iran ] 200 1. 00 1. 200

< Axial force magnitude represented in text string >

« Displaying reactions at supported nodes

To display the support reactions, choose “Reaction” item from BEIEIE menu.
The reactions are represented by a force symbol and the text of its magnitude. The
reactions are shown only for constrained DOFs with non-zero value at supported
nodes.

2.500 2500

< Axial force magnitude represented in text string >
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« Displaying displacements

To display the displacements of the truss, choose “Displacement” item from

VENTEM menu. It is assumed that a truss member has only axial deformation.
Accordingly, each member is represented by a straight line before and after
deformation.

W N

< Axial force magnitude represented in text string >

Visualizing analysis data of 2-D and 3-D rigid frames

If the analysis type is set to 2-D rigid frame, menu has the items as shown
below. As describe at the beginning of this chapter, the menu is composed of 3
parts. The first part of the menu has items of axial force, shear force and bending
moment as for member forces. There are also support reaction and displacement
items.

Axial Force —1— Display axial force diagram

Shear Force —1— Display shear force diagram
Bending Moment —— Display bending moment diagram
Reaction —— Display reaction forces
Displacement —+— Display deformed shape

If the analysis type is set to 3-D rigid frame, menu has more items as
shown below. The first part of the menu includes 6 components of an axial force, 2
shear forces, 2 bending moments, and a torsional moment. There are also support
reaction and displacement items.

| Diagram

Axial Force ——1— Display axial force diagram
ShearForceY 1 Display shear force y diagram
ShearForce 2 1 Display shear force z diagram
Torsional Moment — Display torsional moment diagram
Bending Moment Y1 Display bending moment y diagram
Bending MomentZ 1 Display bending moment z diagram
Reaction —+— Display reaction forces
Displacement ~ —— Display deformed shape

Clear Diagram

- Bedrgw Di-——
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The menu items are enabled only when the model is complete for solution, and
thus the corresponding data are available. The diagram is displayed instantly
when the menu item is chosen. The displayed diagram is indicated by a check
mark in front of the menu item.

The components of member force are given with respect to local coordinates as
shown in the figure below. The sign of internal forces are determined in
accordance with conventional usage.

Member forces of 2-D rigid frame

<

shear force (S)

| 4\ axial force (A)
> > X
l _/bending moment (M)

Member forces of 3-D rigid frame

bending moment y (My)

bending moment z(Mz) torsional moment (T’

shear force z (Sz)

axial force (A)

< Member forces in 2 and 3-D rigid frames >

« Displaying axial force diagram

To display the axial force (A) diagram for 2-D and 3-D rigid frame, choose “Axial
Force” item from [EEEIEI menu. Axial force is equivalent to that of trusses. But its
value is not necessarily uniform in a rigid frame member. Therefore, diagram is the
only option to represent the axial force in rigid frames, differently from the case of
trusses in which member force is uniform throughout the whole length and
accordingly its magnitude can be represented by a single text string.
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« Displaying shear force diagram for 2-D rigid frame

There is only one shear force component (S) for 2-D rigid frame. To display the
shear force diagram, choose “Shear Force” item from IEEFTEal menu. The diagram
reflects the variation of shear forces within a member in its length direction. The
values are shown in text string at member ends, at points of abrupt change, and at
the points of local maximum or minimum.

£ 6.646
|<2.4m =ZN w w " 5665
=THN/m | 5 2.345
4 =1HN{m =2 2en
w
3
11m U-T\Um
frm
L A J— | -2 za0

2-D frame model Shear force diagran

< Shear force diagram for a 2-D rigid frame >

« Displaying bending moment diagram for 2-D rigid frame

There is only one bending moment component (M) for 2-D rigid frame. To display
the bending moment diagram choose “Bending Moment” command from the
menu. The diagram reflects the variation of bending moments within a member in
its length direction. The values are shown in text string at member ends, at points
of abrupt change, and at the points of local maximum or minimum.

-12.591
—10.129
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< Bending moment diagram >



Chapter 8 Diagrams for Frame Analysis 8-7

« Displaying deformed shape of rigid frame

In order to display the deformed shape of 2-D or 3-D rigid frame, choose
“Displacement” command from the menu. The deformed shape of a rigid frame
member is no longer straight, because frame members are subject to not only axial
but also bending deformation.

—

< Deformed shape >

« Displaying support reactions of rigid frame

In order to display the support reactions of 2-D or 3-D rigid frame, choose
“Reaction” command from the menu. The reactions are represented by a force
symbol and the text of its magnitude. The reactions are shown only for
constrained DOFs with non-zero value at supported nodes.

2336-\" 0. Be o Ts
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< Deformed shape >

« Displaying shear force diagram for 3-D rigid frame

There are two shear force components (Sy and S,) for 3-D frames. To display the
shear force diagram, choose “Shear Force y” or “Shear Force z” item from [EEEIH
menu. Here, y and z directions are given in local coordinates defined on the basis
of member axis.
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An example of 3-D frame modeling and shear force diagram is shown below. In
this example, frame members are rendered in shading. Representation of frame
members by shading is not essential, but desirable for 3-D frames to improve the
understandability of the diagram. In order to get such an image, set the render
mode to shading by choosing “Shading” fromEZXE@ menu.
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3-D frame model Shear force y (Sy) diagram

< Shear force diagram for a 3-D rigid frame >

« Displaying bending or torsional moment diagram for 3-D frame

There are two bending moment components(My and M) and a torsional
moment(T) for 3-D frames. To display the diagrams of bending moment about y
and z axis, choose “Bending Moment y”, and “Bending Moment z” items
respectively from [EEFIEIM menu. To display the torsional moment diagram,
choose “Torsional Moment” from the menu.

< Bending moment z (M) diagram for a 3-D rigid frame >
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Diagram Related Functions

As described at the beginning of this chapter, the menu is composed of
three parts. Items in the second part are related to manipulating the display of the
diagrams, and those in the third part are related to setting the diagram display
modes. These menu items are common regardless of the analysis subject.

Diagram

Axial Force Dig

HEQLwuull
Displacement

Clear Diagram
Redraw Diagram
Reverse Diagram

— Clear diagrams on display

[ Redraw the diagram with updated data
— Reverse the direction of diagram

Reverse Element —{— poyjerse the direction of element

Adjust Diagram Scale—{— Adjyst the diagram scale

Instant Redrawing__ | Turn on/off instant redrawing mode
Curve Normal Mode | Turn on/off curve normal mode

Show Values L Turn on/off value display on the diagram
Selected Member Only | Turn on/off “selected member only” mode

There are other functions, not in the menu items, to control the display of
diagrams. They are also described in this section.

Manipulating the diagrams

There are functions to control the display of diagrams, such as adjusting the scale
of the diagram, changing the direction of the diagram, updating the diagram and
so on. Some of them are provided as menu commands which are shown in the
second part of the menu. Some of these functions are not provided as menu
commands.

« Displaying more than one diagram

More than one diagrams can be displayed at the same time by choosing the display
items with shift key pressed. As an example, the shear force diagram and the
bending moment diagram are displayed together in the figure below. To get such
an image, first choose “Shear Force” command from menu. Now that the shear
force diagram is displayed on the main window, press Shift key and choose
“Bending Moment” command. Then, the bending moment diagram is overlaid on
top of the shear force diagram. In this example, all the texts are turned off by
pressing Control key in order to relieve complexity of the display.

It is also possible to remove a diagram from overlaid diagrams. Choose the menu
command corresponding diagram to remove. Then, the display is updated with
removal of the chosen item.
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On the other hand, if a new diagram command is chosen from menu without
pressing shift key, all the currently displayed diagram are replaced by the newly
selected item.

All the menu items corresponding to the currently displayed diagrams are checked
in front.

Bending moment diagram

Shear force diagram

|

< Shear force diagram overlaid with bending moment diagram >

« Clearing diagram

To remove the diagram(s), choose “Clear Diagram” command from
menu. All the diagrams are cleared, and only the structural members are
displayed. The check marks in front of the currently displayed items are also
cleared.

« Redrawing diagram

To update the diagram after changing the model, choose “Redraw Diagram”
command from menu. The diagrams are redrawn with the new analysis
results.

If instant drawing mode is turned on, the diagrams are automatically updated
upon any change in the model data, and therefore, this command has no additional
effects. Instant drawing mode is explained in the later part of this section.

« Reversing diagram directions as a whole

It is sometimes desired to reverse the positive direction of the diagrams. To reverse
the diagram direction, choose “Reverse Diagram” command. The values remain
unchanged, but the diagram directions of all elements are reversed.
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—E16z2
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After revarsing diagram

< Reversing the diagram directions as a whole >

« Reversing diagram directions of selected element(s)

242

0.000

8-11

65

4.065

There are circumstances under which the diagrams of only certain elements need
be reversed. Selected reversal of the diagram directions can be achieved by the

following steps:

1) Start the element selection tool , or the curve selection tool , if any of

these tools is not pressed.

Either element selection tool or curve selection tool may be used to select

frame elements for diagram reversal.

2) Select elements if tool is pressed, or select curves if tool is pressed.
If a curve is selected, the frame element(s) on the curve is(are) automatically
included for diagram reversal.

3) Choose “Reverse Element” command in
The diagram(s) of selected element(s) is(are) reversed, but the values remain

unchanged.

-10. 129

-2.620
=7 500

7. 4.065

selected elements

13.697 0.000 0.000

Selecting the elements to reverse

—12.504

2.5

WENIETOE menu.

-2.620
=7 505

13.697 0.000

reversed

< Reversing the diagram directions of selected elements >

242

Diagrams of these
two elements are

0.000

After reversing diagrams of the selected elements

65

4.065
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« Adjusting the scale of diagrams

The scale of a diagram is initially determined by VisualFEA, and the diagram of the
entire structure is drawn in this scale. The scale can be altered interactively using
the scale slider as shown below.

O

Diagram Scale = B

s W
14 116 114 1 4 16 64

To bring up the slider, choose “Adjust Diagram Scale” command from
menu. The scale of the diagram may be enlarged or reduced by moving the nob of
the slider. Diagrams with different scales are compared in the following example.

-12.591

12.697

Diagram drawn with smaller scale

-10. 129
-10. 129 .
-z,
-7 s0g —12. 591 =7 500
[0
7
55 4,065
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i

0.000 0.000 13, W00 0.000

Diagram drawn with larger scale

< Adjusting the scale of the diagrams >

Setting display options

There are a few display options determining the manner by which the diagrams
are drawn or updated. Each of these options can be turned on or off by selecting
the corresponding item in [EITIZIclM menu. If the option is on, the item is check
marked in front.

« Instant redrawing mode

If instant redrawing mode is turned on, the diagram is automatically updated
immediately after modeling data are altered. Otherwise, the diagram is not
updated until either another diagram item is selected, or “Redraw Diagram”
command is issued.
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The instant redrawing mode is on when “Instant Redrawing” item of
menu is checked. The menu item is enabled only when “Auto Solve” item of
menu is checked. Otherwise, the item is unchecked and disabled, and
accordingly, the instant redrawing mode is turned off.

The instant redrawing mode is used for instant real time processing, in which one
cycle of modeling, analysis and visualization is carried out in real time. Refer to
“Instant real time processing” in Chapter 6 for more details.

Optimize Node No.
Optimize Element No.

Element Type [ 3
Integration Scheme...

Stiffness Matrix P
Analysis Info

Register Process...
Process »

v Auto Solve
Solve

=« Curve normal mode

VisualFEA has only frame elements of straight line. Therefore, a curved member
should be approximated by a number of line segments. Such an approximation
brings error in computed results. The degree of error can be reduced by
increasing the number of segments. However, artificiality in the diagram can not
be avoided even if large number of segments are used, because diagram is drawn
for each segment as an independent frame member. Curve normal mode is to
make up for such a defect. The diagram is drawn normal to the original curve
instead of line segments, and thus a continuous and smooth diagram is obtained
along the curved member. Curve normal mode is turned on or off by choosing
“Curve Normal Mode” item of JNEPETE menu.

With curve normal mode turned off With curve normal mode turned on

< Effect of curve normal mode >
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« Turning on/off text of diagram values

It is necessary to show numerically some of the magnitudes represented by the
diagram. The text strings indicating those values are initially displayed over the
diagram. These text strings can be shown or hidden by choosing “Show Values”
item of JEMEITM menu. If the item is checked, text strings are shown. Otherwise,
they are hidden. If there are too many text strings to make out each of them, and if
it is not essential to display the text, it is desirable to hide the text strings.

6.516

4. §78gg
6.516 \_’m/—ﬂ
Q.19 —4 €97
6.914
2.[307
4,666 = '\rﬂ—my 0.8139 6.914
&4.414 1.518 —2. 95 &
Bending moment diagram with values shown Bending moment diagram with values hidden

< Showing or hiding the text strings of the diagram values >

« Temporarily turning off text of diagram values

The text strings of the diagram can be hidden temporarily by pressing Control key,
As soon as the key is released, the text strings appear again.

« Popping up the hidden texts

While the texts are hidden by pressing Control key, the screen cursor turns into
guestion mark, ?. As you move the cursor over the diagram, and scan through the
diagram, the hidden text strings are popped up one after another. In case there are
too many text strings to make out each of them, this is the one method of
examining the value of the diagram.

« Selectively turning on text of diagram values
It is also possible to display the text strings selectively by the following steps.

1) Check “Show Values” item of IEEZIZEEH menu, if it is not.
The text strings of the diagram values are displayed if the menu item is
checked.

2) Press Control key.
Text strings are suppressed temporarily by pressing the key, and at the same
time, the screen cursor turns into 7.

3) Move the cursor over the point of the diagram whose value is to be displayed.
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The hidden text string pops up when the cursor is positioned around the
corresponding point of the diagram. If the cursor moves away from the point,
the string pops off.

4) Freeze the text string by clicking the point.
If the text string pops up, click the point by mouse button. Then, the string is
frozen at the point, and will not disappear when the cursor moves away.
The frozen string can be hidden by clicking the point once again.

5) Repeat step 3) and 4) until all the desired text strings are popped up and
frozen.
Scan through the diagram by moving the cursor. And freeze the desired text
strings, whenever they pop up.

6) Release Control key.
When Control key is released, the frozen text strings remain as they are, but
the other text strings are suppressed. In this way, only selected text strings
can be displayed.

3.509 8.631

1. Display the diagram and the values. 2. Press Control key to turn off the text.

73.509 LA 3.509 2.621
3. Move the cursor over the diagram. 5. Repeat step 3 and 4 for all the text strings
4. Freeze the text string. to be displayed.

6. Release Control key.

<Selectively displaying the text strings of the diagram>

« Displaying part of the diagram for selected members only

If the model is complex and the diagram is clustered together, it is difficult to make
out the contents of the diagram. In such cases, it is useful to display only part of
the diagram of the selected members. This can be achieved by the following steps:
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1)

2)

3)

4)

Check “Show Values” item of menu, if it is not.

The text strings of the diagram values are displayed if the menu item is
checked.

Check “Selected Member Only” item of menu, if it is not.

If the item is checked, diagram drawn only for the selected member(s).

Start the element selection tool , or the curve selection tool , if any of
these tools is not pressed.

Either element selection tool or curve selection tool may be used to select
frame elements for selective display of the diagram.

Select elements if tool is pressed, or select curves if tool is pressed.
If a curve is selected, the frame element(s) on the curve is(are) automatically
included for selective display of the diagram. Shift key click or rubber-band
rectangle may be used for multiple selection.

Now, the diagram is partially displayed only for the selected members.
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The entire diagram is displayed. The diagram is partially displayed for selected members.

<Displaying part of the diagram for selected members only>
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Chapter 9 Data Interface with External Software

In most cases, VisualFEA’s main data files are handled through its own user
interface. Thus, their internal contents are hidden to the end users. In some cases,
however, the contents and structures of VisualFEA file are desired to be known for
interface between VisualFEA and other software.

As already described in Chapter 6, you may use VisualFEA together with other
solvers provided by a third party, or developed by yourself. The data within the
VisualFEA file should be delivered directly, or by way of intermediate data
interface programs, to external solvers. In other words, it is necessary for the
programs to read the data within the VisualFEA file. If it is the case, the file
contents and structures of VisualFEA as well as of the interfacing software should
be known, as detailed in the following sections.

If the analysis data generated by other software are to be postprocessed by
VisualFEA, they should be written in the form readable by VisualFEA. In this case,
the software should supply a data file with full ingredient and structure of a
VisualFEA data file. The software may customize VisualFEA’s postprocessing
items by recording appropriate information on the data file.

In postprocessing stage, the displayed data items are selected using popup menus
within contouring or vector dialog box. There are default popup menus set by
VisualFEA. However, the items of the popup menus can be customized by the
external software, if necessary. The popup menu related data including menu
strings are defined by the external solver and recorded in the VisualFEA file.
VisualFEA files are written using Macintosh or Windows API functions related
with file opening, reading and writing. Their contents are not accessible in text
form. Computer program codes reading or writing VisualFEA files should be
written using Macintosh or Windows API’s file utility functions and strictly
following the file structure and format described in this chapter.
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Overview of File Contents

It is one of the characteristics of VisualFEA that all data pertaining to the whole
procedure of finite element analysis are contained in a single file. A VisualFEA
data file consists largely of two parts: modeling data and analysis data. If they are
being accessed by an external solver and the analysis results are to be visualized by
VisualFEA, the first part becomes the input to the solver and the second part is the
output written from the solver.

Some parts of VisualFEA data are dedicated for user interface, graphical rendering
and so on. So, not every part of the file is related to solvers as indicated in the
following figure. Only the items enclosed within rectangular frames need be
accessed from solvers. The other parts of the file may be ignored by external
solvers. However, they should be kept in the original form created by VisualFEA,

in order to be read by VisualFEA again for postprocessing.

Modeling dats positions

Aralyeis data positions

Header __p

Node __,.

Element __,.
Boundary __.
Property
Temperature —p
Member joint __y.
Equivalent force ..
Equivalent heat .
Integration scheme _,,

Solver option
Endpoint —
Curve __p
Primitive —p
Surface
Volume __,.

Load

Heat boundary __,.
View transform __,.
Construction plane —m
Symbol size —m
Model dataend —

Outputl
Output2 .
c—>
>
c—»
Outputn

Modeling data master record
Modeling data position record
Header record

Node data

Element data

Boundary Condition data
Element Property data
Temperature data

Member Joint data
Equivalent nodal force data
Equivalent nodal heat data
Integration scheme record
Solver option record

Curve end point data

Linked curve data

Primitive surface data
Surface data

Volume data

Load condition data

Heat boundary condition data
View transformation data
Construction plane data

Symbol size record

Analysis data master record
Analysis data position record
Custom contour menu data
Custom vector menu data
Output data 1

Output data 2

Output data n

Input data iterre to solver

Output data iterns from solver

<Overview of VisualFEA file structure>

Modeling data

Analysis data
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File position

The file consists of a number of data items. The beginning of each item is marked
by a corresponding file position which indicate the relative location of the data
within the file. Both Macintosh and Windows API have functions setting and
getting these file positions. Thus, the data need not be read sequentially. Instead,
data items can be located, in any order, using the file position record, and read the
item starting from the position.

There are two file position records: modeling data position and analysis data
position. The file position of the modeling data items are recorded in the
modeling data position record, and those for the analysis result items are recorded
in the analysis data position record.

The modeling data positions are obtained and recorded while the VisualFEA file is
being saved at the end of modeling. The analysis data file positions are picked
and written together with analysis results during processing stage, whichever one
of VisualFEA’s own solver or an external solver is used for processing. If the
analysis results computed by external solvers are going to be visualized by
VisualFEA, it is the responsibility of the solver to keep track of the file positions
and record them together with the analysis data.

Input data for external solver

If a finite element model created by VisualFEA is to be analyzed by an external
solver, the modeling data should be passed to the solver as input data. The
following items are the data necessary for finite element processing.

= Node data including nodal coordinates

= Element data including element node connectivities

= Structural boundary conditions for structural analysis

= Element properties such as material properties or section properties

= Temperature distribution, its gradient for structural analysis

= State of frame member joints for frame analysis

= Equivalent nodal forces evaluated from load conditions

= Equivalent nodal heats evaluated from heat conditions

= Number of integration points applied for each element shape and order
= Options to be applied for processing

Before reading the above items, the external solver should read the following data
items:

= Modeling data master record
= Modeling data position record

The modeling data master record consists of information on the property of the
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file, and the modeling data position record has the relative positions of the above
items within the VisualFEA file.

Output from external solver

Once the modeling data of a VisualFEA file are read and processed by an external
solver, the resulting data can be postprocessed by VisualFEA again. In order to
make the output data readable from VisualFEA, they should be written over the
original VisualFEA file. In other words, the output data should be appended to the
end of the modeling data in the VisualFEA file. The output data items include:

= Data defining custom menu items for contouring

= Data defining custom menu items for vector display

= Data items for graphical visualization
The output part also has the master variables and the file positions, namely:

= Analysis data master variables

= Analysis data file positions
The parts of the VisualFEA file other than above output items should be kept
intact by the external solver. Otherwise, Visualfea can neither read nor process
the file properly.

VisualFEA
Preprocessing Postprocessing
Save VisualFEA file Read VisualFEA file
with modeling data for postprocessing
|| Inputdata

for the solver

+— End of modeling data

Read input data
for finite element analysis

Output written
by the solver

fWrite the analysis results

Processing

External Solver

<Data flow for combined use of VisualFEA and an external solver>
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Other data for user interface, graphical modeling and rendering

VisualFEA file contains not only the data necessary for finite element analysis but
also other data related to user interface, graphical modeling, rendering and etc.
These data are not directly used in finite element processing, but are essential to
maintaining and managing the source of data in graphically interactive work
environment. These data can be classified into 3 types: geometric data, source of
assignment data, and input and view control data.

The geometric data are graphical data for hierarchical construction of finite
element model, and consist of

= Coordinates of curve end points

= Curve division ratio

= Linked curve data

= Primitive surface data

= Surface mesh data

= Volume meshdata
The source of assignment data implies the native data used in interactive work
environment. The actual data used in processing are extracted from this source.

= Load condition data

= Heat boundary condition data

The load condition data are used for interactive assignment of load conditions, and
are the source of equivalent nodal force data which is actually used infinite element
analysis. Likewise, heat boundary condition data are the source of equivalent
nodal heat data. The input and view control data are related to viewing
transformation, rendering and input environment of graphical models.

= View transformation
e Construction planes
= Symbol variables

There are also the kind of data which serve for the source of interactive graphical
modeling as well as for direct use in finite element processing:

= Node data

= Boundary condition data
= Element property data

= Temperature data

< Member joint data

The data described in this section are also important for interface with other CAD
or graphical modeling software. Data may be imported from such software for
further processing by VisualFEA. Or, VisualFEA data may be exported for use in
other software.
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Contents of Data Iltems

VisualFEA files consist of many data items as described in the previous sections.
The structure and the contents of each data item are described in more detail in this
section. The contents of VisualFEA files consist of two parts: modeling data and
analysis data. Data items of the two parts are indicated in the figure at the
beginning of this chapter. The modeling data items are generated at the stage of
preprocessing. The analysis data items are obtained as a result of finite element
processing, either by VisualFEA or by an external solver.

Modeling data

Modeling data are generated at the preprocessing stage through interactive user
operations, and written on VisualFEA file when the file is being saved. The data
are written in the file, item by item, in accordance with the sequence described
here. But, the position of each item can be located by the modeling data position
record, and thus can be read in arbitrary order.

« Modeling data master record

Modeling data master record consists of file identifications and information
necessary for reading the file. This record is chiefly used for compatibility between
different platform, and between different VisualFEA versions. There are 30 entries
of 4 byte long integers in the record as shown in the following figure. The blank
spaces are reserved for future use.

30" 4 byte(long int)

OSflag[ |

Iac Tram Version Mo,

FileL.D.

Murnber of wariable node data iterns
Murnber of warisble element data items
MNurnber of wariable cure data iterrs
Murmber of wariable surface data iterns
Murrber of warishle wolurme data iterns

< Modeling data master record>

« OS flag : The value of this flag is used to identify the platform under which
the file was created. If the current and the file's platforms are identical, this
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value should read ‘12345678’. Otherwise, the value gets a different number.
Binary data are represented differently under MacOS and Windows platforms.
VisualFEA reads files created under different platform with automatic data
conversion.

VisualFEA version No. : This is to identify the version of VisualFEA which
created the file.

File I.D. : Each file is given an 1.D. which is a random number generated at the
time when the file is saved.

Number of variable node data items : A part of node data has record length
which may be varied from version to version. Thus, the information on the
length is necessary for compatibility between VisualFEA versions.

Number of variable node data items : A part of node data has record length
which may be varied from version to version. Thus, the information on the
length is necessary for compatibility between VisualFEA versions. The
length is represented by the number of items.

Number of variable element data items : The length of variable part of the
element data. Similar to the above item.

Number of variable curve data items : The length of variable part of the curve
data. Similar to the above item.

Number of variable surface data items : The length of variable part of the
surface data. Similar to the above item.

Number of variable volume data items : The length of variable part of the
volume data. Similar to the above item.

« Modeling data position record

Modeling data position record has the information on the offset distance, in byte,
from the beginning of the file to the starting point of each data item. The record
has 30 entities of 4 byte long integers. The blank spaces are reserved for future

use.

30" 4 byte(long int)
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< Modeling data position record>

Header: The position of header record.
Node: The position of node data.



9-8 Chapter 9  Data Interface with External Software

= Element: The position of element data.

= Boundary: The position of structural boundary condition data.
= Property: The position of element property data.

= Temperature: The position of temperature data.

= Member joint: The position of frame member joint data.

= Equivalent force : The position of equivalent nodal force data.
= Equivalent heat: The position of equivalent nodal heat data.

< Integration rule : The position of integration rule record.

= Solver option : The position of solver option record.

= End point: The position of curve end point data.

« Curve: The position of curve data.

= Primitive: The position of surface primitive data.

= Surface: The position of surface mesh data.

< Volume: The position of volume mesh data.

= Load: The position of load condition data.

= Heat boundary: The position of heat boundary condition data.
= View transform: The position of view transformation data.

= Construction plane: The position of construction plane data.
= Symbol size: The position of Symbol size record.

e Output item: The position of output item record.

= Dynamics data: The position of Dynamics data record.

= Modeling data end: The position of the end point of the modeling data.

=« Header record

Header record has the basic information on the file including the analysis type,
sizes of model ingredients, etc. The record has 30 entities of 4 byte long integer.
The blank spaces are reserved for future use.

30" 4 byte(long int)
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< Header record>
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= Analysis subject: The analysis subject is coded by the following numbers.
The analysis subject represents the major analysis type which can be mixed
with different types of analysis class. (Refer to Chapter 5, "Element
Properties".)

0 : plane stress

: plane strain

: Axisymmetric

. plate bending structure

: shell structure

: 3dimensional solid structure

: 2 dimensional truss

: 3 dimensional truss

: 2 dimensional rigid frame

: 3dimensional rigid frame

. plane heat conduction

: axisymmetric heat conduction

: 3 dimensional heat conduction

. plane seepage

. axisymmetric seepage

15: 3 dimensional seepage

= Number of nodes: The total number of nodes in the model

< Number of active elements: The number of elements used in the finite
element analysis. Only elements assigned with element properties are
actually included in the analysis.

< Number of inactive elements: The number of elements without element
property assignment. The unassigned elements are not included in the
analysis, and thus termed as “inactive element.”

< Number of boundary condition sets: The number of boundary condition sets
which include both assigned and unassigned ones. Unassigned set implies the
ones defined for user interface, but not yet assigned to any object.

= Number of element property sets: The number of element property sets which
include both assigned and unassigned ones.

< Number of load condition sets: The number of load condition sets which
include both assigned and unassigned ones.

= Number of equivalent nodal loads: The number of equivalent nodal loads is
the same as the number of nodes with non-zero equivalent nodal load.

= Number of member joint sets: The number of member joint sets which include
both assigned and unassigned ones.

< Number of heat boundary condition sets: The number of heat boundary
condition sets which include both assigned and unassigned ones.

< Number of heat convection data: The number of heat convection data which

O© 00 N O O b W DN P

e o =
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are extracted from heat boundary condition data.

Number of temperature sets: The number of temperature sets which include
both assigned and unassigned ones.

Number of nodal dynamics data sets: The number of nodal dynamics data
sets which include both assigned and unassigned ones.

Number of curve end points: The total number of end points which define the
starting and ending points of curves.

Number of curves: The total number of curves, both created and generated.
Number of surface primitives: The total number of surface primitives.
Number of surface meshes: The total number of surface meshes, both created
and generated.

Number of volume meshes: The total number of volume meshes, both created
and generated.

Number of mesh lines: The total number of straight lines consisting the
wireframe meshes.

Number of construction planes: The number of construction planes defined
for aiding the coordinate data.

Flag of nonlinear analysis: The value indicates whether the analysis is linear
or nonlinear: O for linear analysis and 1 for nonlinear analysis.

Flag of dynamic analysis: The value indicates whether the analysis is static or
dynamic: 0 for static analysis and 1 for dynamic analysis.

Number of frontal buffers: The number of data buffers used in frontal solution
process.

=« Node data

Node data consist of records with nodal coordinates and assignment information,
One record contains following information for a node. There are as many records
as the number of nodes.
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2" 2 byte(short int)
‘ 4" 4 byte(float)

——

E

as many as the
number of nodes

¥ coordinates

condition No,
¥ coordinates

# coordinates
Curve division ratic

Bourdary condition MNa.

Heat boundary

<Node data>

= Boundary condition No.: The No. of the structural boundary condition set
assigned to the node. This value is zero based. (Boundary condition sets are
numbered starting from 0.) If this value is -1, the node is not assigned with
boundary condition. (2 byte short integer)

= Heat boundary condition No.: The No. of the heat boundary condition set
assigned to the node. This value is zero based. If this value is -1, the node is
not assigned with heat boundary condition. (2 byte short integer)

< X, Y,and Z coordinates: The coordinates of the node in X, Y, Z Cartesian
coordinate system. (4 byte float for each one of X, Y and Z coordinates)

= Curve division ratio: The relative position of the node on the curve. The
value is between 0 and 1.0; the node at the starting point of the curve has the
value of 0, and the one at the end point of the curve has the value of 1.0. The
nodes between the two have the value representing the normalized distance
from the starting point.
This value has meaning only for the nodes created by dividing curves. This
value is not used for solver. This information is used for future modification of the
curve. The curve division ratios are retained after modification of curves. (4 byte
float)

=« Element data

Element data consist of records with nodal connectivities and assignment
information. One record contains following information for an element. There are
records for active elements followed by the records for inactive elements. Active
elements are those actually involved in finite element processing. All the elements
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assigned with element properties are active. Inactive elements are not used in the
processing, but constitute curve divisions, surface meshes or volume meshes.
VisualFEA represents the segment of curve divisions, surface meshes and volume meshes in
the form of element data. These segments become active elements when they are assigned

with element properties.

< Element type: Analysis type of the element. Only active elements have

element type. (2 byte short integer)

-1
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: not an element type (for inactive elements)
: plane stress
: plane strain
: Axisymmetric
: plate bending structure
: shell structure
: 3dimensional solid structure
: 2 dimensional truss
: 3 dimensional truss
: 2 dimensional rigid frame
: 3dimensional rigid frame

. plane heat conduction

: axisymmetric heat conduction
. 3 dimensional heat conduction
. interface element

embedded bar

= Element shape: The shape of the element (2 byte short integer)
1:2 node line element

© 00 N o o~ WDN
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: 3 node line element

: 3 node triangular element

: 6 node triangular element

: 4 node quadrilateral element
: 8 node quadrilateral element
: 4 node tetrahedral element

: 10 node tetrahedral element
: 6 node prism element

: 15 node prism element
: 8 node hexahedral element
: 20 node hexahedral element
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6" 2 byte(shortint)  No. of nodes within the element ~ 4 byte(long int)

. As many as the number
. of active elments

As many as the number
of inactive elments

Elemrent type

Elerrent shape

Murnber of nodes

Asgirned property set Nao,
Assigned mernber joint set No,

Assigned heat boundary cond ition set Mo,
Mo, of the 15t rd e writhin the elerrent
Mo, of the last node within the element

|

As many as the number of nodes
within the element

<Element data>

Number of nodes: The number of nodes in the element. (2 byte short integer)
Assigned property set No.: The zero based No. of the element property set
assigned to the element. If this value is -1, the element is not assigned with
element property set. (2 byte short integer)

Assigned member joint set No.: The zero based No. of the member joint set
assigned to the element. If this value is -1, the element is not assigned with
member joint set. (2 byte short integer)

Assigned heat boundary condition set No.: The zero based No. of the heat
boundary condition set assigned to the element. If this value is -1, the
element is not assigned with heat boundary condition set. (2 byte short
integer)

Node No.: The zero based No. of each node within the element. (number of
nodes within the element = 4 byte long integer )
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« Boundary condition data

The boundary condition data consist of records with structural fixities and either
initial displacements or spring constants of the node. One record contains
information for one boundary condition set as follows.

6" 2 byte(Boolean) 6" 4 byte(float) 1”2 byte(short)
o o Ll /

as many as the number of
boundary condition sets

Fivity{d of 1) | |

Fivity(d.of 2) ||
Fixity(d wf, &)

Diplay mode L]

Prescribed wvalue(d of, 1)
Prescrihed valueid of. 2 |
Prescribed walue{d of. &) |

<Boundary condition data>

Fixity: Structural fixity or restraint of each nodal d.o.f. at a node. There are 6
entries of fixity data, but only the entries corresponding to the actual nodal
d.o.f. are inuse. (6 2 byte short integer)

0: fixed

1: free

Prescribed value: Value prescribed for each nodal d.o.f. at a node. There are 6
entries of prescribed values, but only the entries corresponding to the actual
nodal d.o.f. are in use. The prescribed values are either initial displacements
or spring constants. If the nodal d.o.f. is fixed, the prescribed value represent
the initial displacement of the corresponding d.o.f. Otherwise, the value

represents the spring constant assigned to the corresponding d.o.f. (6~ 4 byte
float)

Display mode: mode of displaying the prescribed values on “Struct
Boundary” dialog. (Refer to Chapter 5) The edit text items of initial
displacement, spring constant or both are displayed on the dialog depending
on the mode.

0 : Only edit text boxes of initial displacements are displayed.

1: Only edit text boxes of spring constants are displayed.

2 . All edit text boxes are displayed.
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« Element property data

The element property data have a variable number of data items. The number of
data items and the entity of each item are determined by the element type defined
for the set, and appear on “Property” dialog.

3" 2 byte(short int)
‘ (No of property items)” 4 byte(float)

—_— ———,

3

as many as the number of
element property sets

Assigned property type
*raperty data (itemn 7 [

Asgsiened elerrent type
Property data (itern 1)

|

as many as the number of
element property items(n)

Mumber of property iterns { 4

<Element property data>

= Number of property items: The number of element property items are
variable, and retrieved by this entry. This value is originally determined by the
element type at the stage of preprocessing, but saved and retrieved as an entry of
element property data for quick retrieval of the data items. (2 byte short integer)

= Assigned element type: The element type is primarily determined by the
analysis type. However, VisualFEA allows mixed use of different element
types in a model. (2 byte short integer)

-1: not an element type (for inactive elements)

: plane stress

: plane strain

: Axisymmetric

: plate bending structure

: shell structure

: 3dimensional solid structure

: 2 dimensional truss

: 3 dimensional truss

: 2 dimensional rigid frame

: 3dimensional rigid frame

© 00 N O Ol b WO DN -, O
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10: plane heat conduction
11: axisymmetric heat conduction
12 . 3 dimensional heat conduction
13: plane seepage
14: axisymmetric seepage
15: 3 dimensional seepage
16 : interface element
17 : slip bar
18 : embedded bar
= Assigned property type: The type of material property (2 byte short integer)
0 : linear elastic and isotropic
1: linear elastic and orthotropic
2 : elasto-plastic( appears only for nonlinear analysis)
3 : friction( appears only for interface elements of nonlinear analysis)
= Property data items: The number of data items is retrieved as an entry of a
data record, and the entity of each item is determined by the element type as
shown in the following table. (number of data items ~ 4 byte float)

<Entities of element property items>

Element property items

Element type

1} 2| 3/ 4]5,6|7|8)|9
Plane stress Ex|Ey vy |t [Wo |@
Plane strain Ex | By vy Wo |
Axisymmetric Ex| B vy Wo |
Plate Ex| By vy |t |Wo |
Shell Ex B vy |t |Wo |0
Solid Ex Ey Ez Vxy |Vyz | Vax Wo | O
Interface element | EL| Eg jgap| t *
Embedded bar Epar Eoond A
Truss 2D & 3D E A W |a
Frame 2D E A |l (W |a
Frame 3D E|v [Ally|lz | J | W a |B
Plane heat ke | Ky
Axisymmetric heat | k | ky
Volume heat ke | ky |k

* for plane stress only
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In case the element type is embedded bar, one more data item is added as shown
below. The additional item points to the set No. of the property surrounding the
embedded bar.

3" 2 byte(short int)
(No of property items)” 4 byte(float)
‘ 1" 2 byte(short int)

‘ |

L]

Tz
i
o
i

[i¥]
B2
g
2

<Element property data for embedded bar>

« Temperature data

Temperature data are currently applicable only to 2-D and 3-D frame analysis.
The data consist of the average temperature of a frame member and the
temperature gradient across the member section.

3" 4 byte(float)

as many as the number of
temperature sets

Average terrperature

Ternpemture gradient in 'Y
Temperture gradient in £

<Temperature data>

= Average temperature: Average temperature of the frame member(4 byte float)

= Temperature gradient in Y: Temperature gradient across the member section
in Y direction. The gradient is equivalent to the temperature difference
between top and bottom of the section divided by the height of the section. (4
byte float)

= Temperature gradient in Z: Temperature gradient across the member section
in Z direction. This item is used only for 3-D frames. (4 byte float)
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Temperature data are not supported by user interface in the current version of VisualFEA.
Instead, they are treated as thermal load conditions. Refer to Chapter 5. However, their
space is left in VisualFEA file for use by external software.

« Member joint data

Member joint data are currently applicable to 2-D and 3-D frame analysis. One
record of member joint data has only 2 data items: joint states at both end of the
member.

« Joint state (left node): The state of joint at the starting point of the member. (2
byte short int)
0: Rigid joint
1: Pin joint
< Joint state (right node): The state of joint at the ending point of the member.
(2 byte short int)

2" 2 byte(short int)
——

as many as the number of
member joint data sets

Joint state (left rod e) E E
Joint state (ightnode) | [ ° °

<Member joint data>

« Equivalent nodal force data

The equivalent nodal forces are computed at each node from the load condition
data, which is described in one of the later sections. The equivalent nodal forces
are directly involved in finite element analysis, while the load condition data are
maintained chiefly for graphical user interface. The data has records only for
nodes with non-zero equivalent nodal forces. The components of the equivalent
nodal forces are as many as the number of nodal d.o.f.

= Node No.: The node No. identifying the node for which the equivalent nodal
forces are evaluated. (4 byte long int)

= Equivalent nodal force magnitude: Magnitude of each force component
which matches with each one of the nodal d.o.f. (number of nodal d.o.f. * 4
byte float)
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1" 4 byte(long)
‘ Number of nodal d.o.f." 4 byte(float)
—_——

. as many as the number of
. nodes with non-zero
° equivalent nodal force

. =]
£% %
3% 3
Z oy o
E B
B &
B
I I
Z Z
= &3]
O

As many as the number of nodal d.o.f.

<Equivalent nodal force data>

« Equivalent nodal heat data

This data portion consists of two parts: equivalent nodal heat and convection
boundary condition data. Both parts are evaluated from heat boundary condition
data.

The equivalent nodal heat data has records for all nodes in the model. Each record
has only 2 data entries:

1" 2 byte(short int)
1" 4 byte(float)

* as many as the number of nodes

1]

Assiprarent status
Equivalent nodal heat

<Equivalent nodal heat data>

< Assignment status: Flag indicating whether the node is assigned with nodal
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heat. (2 byte short int)
0 : Assigned
1: Not assigned
e Equivalent nodal heat: Magnitude of nodal heat (4 byte float)

In the second part are the convection boundary condition data, which are
evaluated from convection type of heat boundary condition. The data consist of
convection coefficients and information on boundary face or edge on which the
convection boundary condition is applied.

= Boundary face or edge element No.: The convection boundary conditions are
applied to the inactive elements on boundary edges (2-D case) or on
boundary faces (3-D case). This data entry has the element No. on the
boundary edge or face. (4 byte long int)

< Number of nodes within the face or edge element: The face or edge consists
of a number of nodes. This entry has the number of nodes within the
element. (4 byte long int)

= Node No.: All the node No. consisting the boundary face or edge element.
(number of nodes within the boundary element ~ 4 byte long int)

= Convection coefficient: The convection coefficient of the heat boundary
condition set from which the equivalent nodal heat is evaluated. (4 byte float)

1" 4 byte(long int)
1" 2 byte(short int)
Number of nodes on the boundary face element” 4 byte(long int)
| /4 byte(float)

—_—

. as many as the number of heat
. convection boundary data

lastnode No,

15t node Mo,

|

Cornrection coefficient

As many as the number of nodes on
the boundary face element

Boundary face or edge element No,
Mumber of nodes with the face element

<Convection boundary data>
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« Nodal dynamics data

The number of nodal dynamics data sets is included in the data header record, and
is always zero for static analysis. The following represents only one set of nodal
dynamics data records. These data records occur as many times as the number of
nodal dynamics data sets. Each set of data records starts with an attribute
classifying the type of nodal dynamics data.

< Type of nodal dynamics data: This data entry represent the type of nodal
dynamics data as follows:

1: Nodal dynamic motion - displacement

2 : Nodal dynamic motion - velocity

3 : Nodal dynamic motion - acceleration

4 : Nodal dashpot constant

5: Nodal mass
The contents for the rest of the nodal dynamics data records are different
depending on the type of nodal dynamics data. In case of nodal dashpot and
nodal mass, the data consist of 6 entries which represent the values for each nodal
d.of.

1

N

byte(short int)

Type of nadal dynarmics data [ ]

<Attribute classifying the type of nodal dynamics data>

« Integration scheme record

The integration scheme is set independently for each shape and each order of
element. The number of integration points set for various element shapes are
saved in the integration scheme data record as shown in the following figure.
There are 30 entries of 4 byte long integer in the record. The blank spaces are
reserve for future use.
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30" 2 byte(short int)
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<Integration scheme record>

For 3 node triangle element: Number of integration points set for a 3 node
triangle element. Itis either of 1, 3 or 7.

For 6 node triangle element: Number of integration points set for a 6 node
triangle element. It is either of 1,3 or 7.

For 4 node quadrangle element: Number of integration points set for a 4 node
guadrangle element. It is either of 1, 4 or 9.

For 8 node quadrangle element: Number of integration points set for a 8 node
quadrangle element. It is either of 1, 4 or 9.

For 4 node tetrahedron element: Number of integration points set for a 4
node tetrahedron element. It is either of 1, 4 or 5.

For 10 node tetrahedron element: Number of integration points set for a 10
node tetrahedron element. It is either of 1, 4 or 5.

For 6 node prism element: Number of integration points set for a 6 node
prism element. Itis either of 1, 2or 6.

For 15 node prism element: Number of integration points set for a 15 node
prism element. It is either of 1, 2or 6.

For 8 node hexahedron element: Number of integration points set for a 8
node hexahedron element. It is either of 1, 8or 27.

For 20 node hexahedron element: Number of integration points set for a 20
node hexahedron element. It is either of 1, 8or 27.

» Solver option record

There are a number of options which are applied for finite element processing.
They are saved in the solver option record with 30 entries of 2 byte short integer.

Each

entry has value of 0 or 1. The option is on if the value is 1 and off otherwise,
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except the equation solver option.

30" 2 byte(short int)

LT JEI IR EANRRRRRREEEE

Equation Selver

cggmLLs B
2ZBEETE %g
Eg%éiﬂg £
NE'HEE &
%mﬂhgm-ﬂ EE
BEEEESE 55
EEREC E B2
0 g B ow
& 5w ’gg
B = zl'ﬁ
a 5
&3

0 : frontal solver, 1:skyline solver
<Solver option record>

Equation solver: One of skyline solver and frontal solver is selected as the
equation solver.

0 : Frontal solver

1: Skyline solver
Optimize element No.: Element number optimization is executed before
finite element processing begins, if this option is on.
Optimize node No.: Node number optimization is executed before finite
element processing begins, if this option is on.
Visualize process: The progress of finite element processing is graphically
visualized, if this option is on.
Keep matrix for reanalysis: The relevant matrix files necessary for reanalysis
are not removed at the end of the processing, if this option is on.
Check disk space: The available disk space is continuously checked while the
processing is going on, if this option is on.
Use safety file: A temporary file is created and used while processing is going
on, in order to protect the original file from being damaged under abnormal
situation, if this option is on.
Flag adaptive analysis: An iterative analysis process with adaptive mesh
generation is applied if this option is on.
Number of frontal buffer: This entry specifies the number of matrix data used
for frontal solver.
Flag of nonlinear step control: If this flag is on, the rate load increment is
specified individually for each of the load step.

« Analysis output item record

Each entry has value of 0 or 1. If the value is 1, corresponding item is turned on as
an analysis output item. There are 30 entries of 2 byte short integer in the record.
The blank spaces are reserved for future use.
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30" 2 byte(short int)

Catput reaction
Output displacerrent ||

Output norrnal stress
Output nerrnal strain

Cutput principal stress
Output heat fhax |

Chatpuat Plastic Strmin

Dutpu?r.nergy Lensity
Cutput ternperature

Output prineipal strain

Cutput principal stress direction
Chutput Von Mises Strain

Cutput Von Mises Stress
Cutput heat flux norm
Cutput heat flux direction

Catput principal strain direction

|
o
o
=
=+

=1:0n

<Analysis output item record>

= Output reaction - output heat flux direction: The corresponding data are
computed and saved as part of analysis data, if the respective option is on.

« Dynamic analysis setting record

There are a few options and variables for dynamic analysis. They consist of 2
records, one with integer data entries and the other with floating point data entries.

30" 2 byte(short int)

=

0: no damping, 1:damping included
— 0:lumped mass, l:consistent mass

— 0: Newmark, 1:Wilson theta, 2:central difference
0: direct integration, 1:mode superposition, 2:modal analysis
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<Dynamic analysis setting record 1>

< Analysis mode : This entry represent mode of dynamic analysis, direct
integration, mode superposition, and modal analysis.

< Integration method : data designating one of the 4 different methods of
integration for dynamic analysis.

= Computation of mass matrix : This entry indicates whether lumped mass or
consistent mass is assumed for mass matrix computation.



Chapter 9  Data Interface with External Software 9-25

Inclusion of damping : This entry indicates whether damping is included in
the dynamic analysis.

Number of time step : The number of time steps included in the analysis.
This entry is ignored in modal analysis.

Number of dynamic modes : The number of modes computed and used for
analysis. This entry is ignored in direct integration.

30" 4 byte(float)

Tire step sizeser) [ |

Mass darmping rate (%)
Stiffness damping rate(%) ||

<Dynamic analysis setting record 2>

Time step size : The interval from one time step to the next. Uniform size is
assumed for all time steps.

Mass damping rate(%) : The damping ratio applied for mass.

Stiffness damping rate(%) : The damping ratio applied for stiffness.
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« Curve end point data

Every curve has two end points, a starting point and a ending point. The
coordinates of these end points are saved as curve end point data.

3" 4 byte(float)

as many as the number of
curve end points

S

X coordinates
¥ coordinates
£ coordinates

<Curve end point data>

< X, Y, and Z coordinates: The coordinates of the end pointin X, Y, Z Cartesian
coordinate system. (4 byte float for each one of X, Y and Z coordinates)

=« Curve data

A curve exists either as a single entity or as multiple entities linked together. The
curve data are generalized in the form of linked curve as shown in the following

figure.
1" 2 byte(shortint) 1" 2 byte(shortint) 1" 2 byte(short int)
variable length ‘ variable length variable length ‘
—_— —_— —_—
‘ Curve RecordT‘ Curve Record ‘ ‘ 1\ ‘ ‘ Curve Recordﬁ
. as many as
. the number
. of curves
‘ Curve Record ‘ ‘ Curve Record ‘ ‘ iﬁ Curve Record ‘ ‘
] ]
Curve data &  Curve data éﬂ Curvedata g
LE] [\F] [1F]
) g g

<Linked curve data>

= Curve record: A curve record has information on a single curve as described
below. (variable length)
< linkage flag: flag indicating if the curve is linked at the end. (2 byte short int)
0 : No further linkage at the end. The flag is always 0 at the end of
linked curves.

1: curve linked at the end. The flag is always 1 in the middle of linked
curves.
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A curve record contains information on the geometric composition and the
attribute assignment, and other characteristics of a single curve. A curve is
composed of end points, control points, nodes and elements.

m~ 4 byte(long int) p" 3" 4 byte(float)

n’~ 4 byte(long int)
9" 2 byte(short int) \

‘ 3" 4 byte(float) 3" 4 byte(float) 9”4 byte(float)
e, r'—"\‘—‘w

ﬂ}

carmp et
" cotrpatent
cotrponent
L catnpotieht

s
b
r

Z coordinate

! component

<. corrponent

Angle (forcircular and elliptic arc)

Curve type
Y coordinate |

Number of nodes on thecurve ||

Murmber of elements on the curwe
¥ coardinate

15t node’s No,
lazt node’s Ma,
¥ coardinate
Y cocrdinate
Z coordinate

Creation status

st elernent’s data
st elament’s data

Starting point Mo,
End ing paint Ne,
Radius 2 (farellipse)

]

Unit netrmal wector

Interfaced curve Mo,
Boundary condition set Na.
Heat boundary condition set Na,
3 [
B [
I
!

Murnber of control points

Hadius (tor circle and ellipse)

Unit tangent wector {

m = number of elements on the curve
n = number of nodes on the curve
p = number of control points on the curve

<Curve record>

= Creation status: A curve may be either created by user interaction inputting
control points, or generated in the process of finite element mesh generation.
The boundary of surface meshes are always defined by curves.
The creation status indicates whether the curve was created or generated. (2
byte integer)
0 : Generated.
1: Created
= Curve type: This value represent the type of the curve as follows.
-1: Not avalid curve.
0 : Point
1: Straight line
10 : Acute arc
11 : Clockwise arc
12 : Counter clockwise arc
13: Three point arc
14 : Center angle arc
16 : Clockwise circle
17 : Counter clockwise circle
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18 : Three point circle
19 : Center radius circle
21 : Quarter ellipse
22 : Half ellipse
23 : Full ellipse
31: Cubic spline curve
32: B-spline curve
33: Bezier curve
34 : Polynomial curve
35: Polyline
36 : Segmented curve
41: Rectangle
< Number of nodes on the curve: The number of hodes which were created by
dividing the curve, or generated together with the curve.
< Number of elements on the curve: The number of elements which were
created by dividing the curve, or generated together with the curve.
= Number of control points on the curve: The number of control points which
define the geometry of the curve.
= Interface curve No.: When interface elements are assigned along the curve, a
duplicate of the curve is generated to form another boundary of the interface
gap. Inthis case, this entry has the pairing interface curve No.
< Boundary condition set No.: If the curve is assigned with a boundary
condition, this entry has its No. which is zero based. If boundary condition
is not assigned, the value is -1.
< Heat boundary condition set No.: If the curve is assigned with a heat
boundary condition, this entry has its No. which is zero based. If heat
boundary condition is not assigned, the value is -1.
= Starting point No.: The No. of the end point serving as the starting point of
the curve.
= Ending point No.: The No. of the end point serving as the ending point of the
curve.
= Node No.: The No. of each node on the curve. This value is zero based. In
other words, the node No. starts from 0.
= Element No.: The No. of each element on the curve. This value is zero based.
In other words, the element No. starts from 0.
= Coordinates of control points: X, Y and Z coordinates of control points on the
curve. Z value is zero for 2 dimensional case.
< Unit normal vector: This entry applies only to circular arc, circle, elliptical arc
and ellipse. The directional cosines of the unit normal vector to the curve are
saved respectively in X, Y and Z components.
= Unit tangent vector: This entry applies only to closed cubic spline, B-spline or
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Bezier curves. The unit tangent vector is tangent to the curve at the starting
or the ending point. The directional cosines of this unit tangent vector are
saved respectively in X, Y and Z component.

e Angle: This entry applies only to circular arc and elliptical arc. Angle
implies the central angle of the curve.

« Radius: This entry applies only to circle and ellipse. This is the radius of a

circle, and first radius of an ellipse.
« Radius 2: This entry applies only to ellipse. This is the second radius of an

ellipse.

= Primitive surface data

Primitive surface data consists of primitive records. Of course, there are as many
records as the number of primitive surfaces. The records have two different
compositions depending on the type of the primitives. The primitive record of
sphere, cylinder, and torus is one kind, and that of plane, Lagrangian surface, B-
spline surface and Bezier surface is another kind. The primitive record for the first
kind is shown in the following figure.

3" 2 byte(short int) 2" 4 byte(float)
——

:

Primnitive type
Badius 1
Radins 2

Starting end point Mo
Ending end point Na

<Primitive record for sphere, cylinder and torus>

= Primitive type: This entry has the code indicating the type of the primitive.
82 : Sphere
83 : Cylinder
84 : Torus
= Starting end point No.: The No. of the end point serving as the starting point
of the primitive.
= Ending end point No.: The No. of the end point serving as the ending point of
the primitive.
= Radius 1. The first radius of the primitive surface
= Radius 2: The second radius of the primitive surface. Sphere has only one
radius, thus this value is ignored in sphere data.
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No. of control net points” 3" 4 byte(float)
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<Primitive record for plane, Lagrangian, B-spline and Bezier surfaces>

= Primitive type: The type of the primitive
85 : B-spline surface
86: Bezier surface
87 : Lagrangian surface
90 : Flat plane
= Starting end point No.: The No. of the end point serving as the starting point
of the primitive.
= Ending end point No.: The No. of the end point serving as the ending point of
the primitive.
= Number of control net points in i direction: The primitive surface is defined
by m x n control net points where m and n represent the number of control
points in i and j direction. This entry has the value of m.
< Number of control net points in j direction: This entry has the value of n.
= Control net point coordinates: The X, Y, and Z coordinates of each of m x n
control net points.

= Surface mesh data

Surface data have the information on the surface meshes including their
compositions, attribute assignments, and other characteristics.

A surface mesh is composed of nodes, elements, wireframe lines and boundary curves.
Information on the nodes on the surface can be derived from that of the elements on the
surface. And therefore, information on the nodes are not included in the surface data.



7" 2 byte(short int) 2" 4 byte(long int)
—_— —

Creation status

Method of the surface mesh generation

Murmber of elermnents on the surtace
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<Surface data>

= Creation status: A surface mesh may be either created by user interaction

using surface mesh generation command, or generated in the process of

volume mesh generation. The boundary of volume meshes are always

defined by surface meshes.
The creation status indicates whether the surface mesh was created or
generated.

0 : Generated.
1: Created

Method of surface mesh generation: The entry has the code representing the
method of surface mesh generation which was applied to create the surface.

0 : Surface mesh generation by 2 edge mapping

1. Surface mesh generation by extrusion

2: Surface mesh generation by 4 edge mapping

3: Surface mesh generation by 3 edge mapping

4: Surface mesh generation by revolution

5: Surface mesh generation by translation

12: Surface mesh generation by automatic triangulation

13: Surface mesh generation by automatic tetrahedronization
14: Volume mesh generation by duplication with “Move”
15: Surface mesh generation by duplication with “Move”
18: Surface mesh generation by duplication with “Revolve”
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21: Surface mesh generation by duplication with “Mirror”
24: Surface mesh generation by twisting

28: Surface mesh generation by duplication with “Extrude”
29: Surface mesh generation by projection

< Number of elements on the surface: Number of all elements, either active or
inactive, composing the surface.

= Number of lines on the surface: Number of all lines representing the
wireframe of the surface mesh.

< Number of curves on the surface: Number of all curves attached to the
surface.

= Color of the surface: The color assigned to the surface. (currently not in use,
but reserved for future use)

< Heat boundary condition set No.: No. of the heat boundary condition set
assigned to the surface.

e Line data: Information on the lines forming the wireframe. A line is
represented by two end nodes. Thus, the data for a line consist of 2 entries;
the 2 end node’s No.

= Curve No.: The No. of each curve in the surface mesh.

« Element No.: The No. of each element in the surface mesh.

= Volume mesh data

Volume data have the information on the volume meshes including their
compositions, attribute assignments, and other characteristics.

A surface mesh is composed of nodes, elements, surface meshes. Information on the nodes
on the volume can be derived from that of the elements on the volume. And therefore,
information on the nodes are not included in the volume data.

= Creation status: Not used in the current version. Reserved for future use.
= Method of volume mesh generation: The entry has the code representing the
method of volume mesh generation which was applied to create the volume.
6: Volume mesh generation by 2 surface mapping
7: Volume mesh generation by extrusion
8: Volume mesh generation by box edge mapping
9: Volume mesh generation by tetrahedron edge mapping
9: Volume mesh generation by revolution
10: Volume mesh generation by translation
17: Volume mesh generation by duplication with “Revolve”
20: Volume mesh generation by duplication with “Mirror”
27: Volume mesh generation by prism edge mapping
23: Volume mesh generation by twisting
= Number of surfaces on the volume : The number of surfaces attached to the
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volume. The boundary surface of a volume is composed of surface meshes.

Color of the volume : Code of the color assigned to the volume. This entry is

not used in the current version, but reserved for future use.

assigned to the volume mesh.

inactive, composing the volume mesh.

s’ 2 byte(short int)

Heat boundary condition set No.: No. of the heat boundary condition set
Number of elements in the volume: Number of all elements, either active or

Surface No.: The No. of each surface in the volume mesh.
Element No.: The No. of each element in the volume mesh.

1" 4 byte(long int) l
5 2 byte(short int)

—_—

m~ 4 byte(long int)
——
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As many as the number
of volumes
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number of elements on the volume
number of surface meshs on the volume

<Volume data>

=« Load condition data - header record

These data are maintained chiefly for graphical user interface, and involved
indirectly, through equivalent nodal forces, in finite element analysis. They are
also the source from which the equivalent nodal forces are computed. The contents
of load conditions vary depending on their type as described below.



9-34 Chapter 9  Data Interface with External Software

10" 4 byte(long int)

1]
SEETEE
:ﬂggﬁmm
() [ - L g
E_gﬁﬁgﬁﬁ
SmgcoTDT
e =T | F R F]
355 BE
'DFFE-.-.-.-.
i = = in En
L i B
TEESS
SToao oD
qu_.mh
ﬂ—ug&g
Eio
G pE 8
s:L.EFE =
.-d-u:i
gEd ~
i N

< Load condition data >

= Load type: The code representing the type of the load.

0: Nodal force

1: Point force

2: Uniform force

3: Non-uniform force with linear variation

4: Non-uniform force with parabolic variation

5: Bilinear force

6: Nodal moment

7: Point moment

8: Uniform moment

9: Body force

10: Hydrostatic in X

11: Hydrostatic in Y

12: Hydrostatic in Z

13: Self straining force

14: Thermal force
= Load direction: The code representing the direction of the load.
: X direction
.Y direction
: Z direction
: Direction normal to curve
: Direction tangent to curve
: Direction normal to surface
: Direction tangent to surface and normal to X direction
: Direction tangent to surface and normal to Y direction
: Direction tangent to surface and normal to Z direction

0o N o o0~ W N P O
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= Load position definition mode: This entry designates how the position of the
load is defined. This applies only to mid-point force or mid-point moment,
and is ignored for other load types. The position of mid-point force or
moment can be defined either by the actual distance from one end of the
structural member, or by the relative distance represented by the ratio to the
length of the member. Distance ratio is equivalent to the distance divided by
the total length of the member. The load position definition mode can
applied also for a curve instead of a member.
0: Actual distance
1: Relative distance
< Dynamic load definition mode: Time dependent dynamic loads can be
defined either as a sinusoidal harmonic load or as a transient load.
0: Harmonic load
1: Transient load
= Number of dynamic load steps: The number of steps representing the
dynamic load history. This data entry is effective only for transient load, and
ignored for static loads or harmonic loads.

= Type of assigned objects: The type of the object to which the load condition is
assigned.
-1: Not assigned
1: Curve
2: Surface
3: Volume
4; Element
5: Node
7: Surface primitive
11: Line element
12: Surface element
13: Volume element

< Number of assigned objects: The type of the object to which the load
condition is assigned.
» Load condition data - attribute record

This data record consists of load attributes such as its magnitude, position and etc.
Only one of the following 3 records is applied depending on whether the load is
static, dynamic transient, or dynamic harmonic,
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4" 4 byte(float)

g

Value 1
Value 2
Value 3
Valued

< Load attribute record for a static load>
4" 4 byte(float)

of load time steps

LT
: As many as the number
LT

< Load attribute record for a transient load>

4" 4 byte(float)

uel—
ued |
ue 3
ue i
irne

[ e R e

Ending timne
Phase lag time

Starting
Angular velocityradian/sec)

< Load attribute record for a harmonic load>

= Value 1, Value 2, Value 3, Value 4. These entries are data entered using the
editable text items of “Load Condition” dialog. Their contents vary depending
on the load type as shown below. Also refer to Chapter 5.

= Starting time: The time from which the harmonic load becomes effective.

« Ending time: The time when the harmonic load ends.

= Phase lag time(ty): Phase lag to the starting point of the sinusoidal loading
curve.

= Angular velocity(w): Radian per second.

A harmonic load is defined by the following sine wave form
Fsinw(T- T,)

The amplitude of the load is given by value 1, 2, 3 or 4 in the load attribute record.
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<Contents of load condition values>

Load Type Value 1 Value 2 Value 3 | Value 4
Nodal force P - - -
Mid-point force P dL or L - -
Uniform force w - - -
Trapeziform force Wi W2 - -
Parabolic force W1 W2 Wa -
Bilinear force W1 W2 Wa W
Nodal Moment M
Mid-point moment M dL or L - -
Uniform moment M - - -
Body force a - - -
Thermal load Tav Tor - -
Self-straining force P
Hydrostatic in X,Y,Z p: p2 h: h

4" 2 byte(short int)

£l

flag for paint 1
flag for point 2
flag for point 3
flag for point 4

3" 4 byte(float)

e,

+—— Coordinates of point 1

+—— Coordinates of point 2
—— Coordinates of point 3

—— Coordinates of point 4

Flags indicating whether the coordinates of each of
the 4 corner points are defined by data input.

=0 : the coordinates of the point are not yet defined
=1 : the coordinates are defined.

<Coordinates of 4 corner points of bilinear force>

9-37

For bilinear force, the coordinates of the 4 corner points defining the distribution of
the load should be supplied in addition as follows.
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« Load condition data - assigned objects
2" 4 byte(float)
As many as the number

of objects assigned with
the load set

Object Na.

Element Mo, within the object

« Object No.: The No. of the object to which the load condition is assigned. Or,
if the object type is “Element”, this entry has the No. of the object to which the
element belongs.

= Element No. within the object: The No. of the element within the object. This
entry is used, only in case the Object type is element.

« Heat boundary condition data

The heat boundary condition data are maintained chiefly for graphical user
interface, and involved indirectly, through equivalent nodal heat and convection
boundary conditions, in finite element analysis. They are also the source from
which the equivalent nodal heats and convection boundary conditions are
computed. The items of heat boundary conditions vary depending on their type as
described below.



Chapter 9  Data Interface with External Software 9-39

1" 2 byte(short int)
‘ 2’ 4 byte(float)
—

as many as the number of
heat boundary condition sets

Value (d.of 1)
Value (d.of &)

Type of heat boundary cond.

<Heat boundary condition data>

= Heat boundary condition type: The code representing the type of the heat
boundary condition.
0: Temperature
1: Convection
2: Heat flux
3: Paint source
4: Element source
5: Region source
< Value 1-4: These entries are data entered using the editable text items of
“Heat Boundary” dialog. Their contents vary depending on the type of the
heat boundary condition as shown below. Also refer to Chapter 5.

<Contents of load condition values>

Type Value 1 Value 2
Temperature temperature -

Convection convection coeff. ambient temperature
Heat flux flux ambient temperature
Point source heat quantity -

Element source heat quantity -

Region source heat quantity -
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=« View transformation data

View transform data consists of information on grid setting and view
transformation in interactive work environment, the state of which at the time of
file saving is retrieved and applied as the initial setting when the file opened. The
view transformation data may be saved in an independent view files, if necessary.
The record contains the same contents both for a VisualFEA file and for an

independent view file.

1" 2 byte(short int)
1" 8 byte(double)
10" 4 byte(float) 5" 8 byte(double)

Rt

e
B
Ea

Bem
Fim

Ba
Fr

o
le

Grid pitch

Seale of one grid unit
SCmeen s

&ngle shout X axis

Angle about Y axis

&ngle shout 2 axis

[

setting the grid planes
Horizontal panning offset in picel
Wertical panning offset in pixel

3 gets of conrdintes

Viewr
Rotation
Angles

< View transformation data>

Grid pitch : Number of pixels between grid lines on the screen with initial
view transformation. This is the value entered “Grid Setting” dialog, or
“Preference” dialog as described in Chapter 2.

Grid scale : The actual distance represented by the interval between two
adjacent grid lines. This value is also entered using “Grid Setting” dialog, or
“Preference” dialog.

Grid box coordinates : 3 sets of XYZ coordinates setting the planes as shown
in the figure below. These values are inputted by interactively moving or
resizing the grid planes as explained in Chapter 2.

Screen scale : Zoom factor inputted by interactive view scaling action as
explained in Chapter 2. The view scale, which is the ratio between the screen
coordinates in pixels and the actual coordinates, are determined by

view scale = grid pitch * grid scale * screen scale

View rotation angles : Angles of view rotation about X, Y and Z axes
respectively. These angles are used in computing the view rotation matrix R
by the following equation.
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< Grid box coordinates>

écosd, sinB, Offcosd, O - sind Uél 0 0 ¢
R= g— sin6, coso, Ogg 0 1 0 :&EO cosH , sinextj
g o 0 1f&sin6, O cosH, O -sinB, cosH, f

< Horizontal panning offset : Horizontal offset distance of screen view in
pixels. This value is changed by panning the screen view in horizontal
direction as described in Chapter 2.

= \ertical panning offset: Vertical offset distance of screen view in pixels. This
value is changed by panning the screen view in vertical direction as described
in Chapter 2.

» Construction plane data

Construction plane is a user defined grid plane with grid points for coordinate
input. They are created interactively as described in Chapter 2. A plane in 3
dimensional space is uniquely defined by 3 points on the plane. The planes are not
usually parallel to X, Y or Z axis. Their orientation is saved in a 3" 3 transformation
matrix. Each construction plane has its own name which is saved as a character
string. The length of the name is variable.

The construction plane data have as many records as the number of construction
planes which is contained in the header record. Refer to Chapter 2 for creation and
use of user defined grid plane.
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1" 4 byte(long int)
string length” 1 byte(char)
18" 4 byte(float)
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< Construction plane data>

= String length of construction plane name : The number of characters used for
the construction plane name.

= Construction plane name: Character string of the construction plane name.
The name is endowed at the time of creating the construction plane. And this
name is used to retrieve the construction plane.

= Transformation matrix of construction plane: 3”3 matrix setting the
orientation of the construction plane.

< Coordinates of 3 points defining the construction plane: X, Y and Z
coordinates of 3 points which were inputted in order to define the plane.

« Symbol size record

A force of a load condition is symbolized by an arrow. The length of the arrow is
drawn approximately in proportion to the length of the force magnitude. The
proportion can be set differently for various load types. It is also possible to set the
reference magnitude of the force for unit length of the arrow differently for various
load types. The force types are classified differently from the actual types used in
load condition data. They are point load, curve force, surface, volume force, point
moment, curve moment, self straining force and thermal force.

The line length of the arrow in pixels is computed as follows:

force magnitude

-,

arrow length = unit length” symbol scale

reference magnitude

= Symbol scale : One symbol scale for each one of the load types,
= Reference magnitude: One reference magnitude for each one of the load
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< Symbol size record>
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Analysis data

The analysis data are generated as results of finite element processing either by
VisualFEA or by an external solver. In order to visualize the analysis data by
VisualFEA, they should be appended to the end of the modeling data in the same
VisualFEA file.

« Analysis data master record

Analysis data master record consists of the solver’s identification and basic
information on the analysis items. The record has 30 entities of 4 byte long integer.
The blank spaces are reserved for future use.

30" 4 byte(long int)
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<Analysis data master record>

Solver ID No.: A number given to the solver in order to identify the external
solver. In order to avoid conflict due to assigning the identical number for
different solvers, it is advisable to use a large number within the range of 4
byte long integer.
Solver version No.: Solver’s version No if any. This value should be an
integer number. This entry may be used to overcome incompatibility between
different versions of the solver.
Reanalysis code: This entry indicates whether the matrix file necessary for
reanalysis is retained or not. The matrix file may be either saved for
reanalysis or removed at the end of the finite element processing, depending
on the setting of the solver options.

0: The matrix file was removed. Reanalysis mode is not allowed.

1: The matrix file was save. Reanalysis mode is allowed.
Number of analysis data items: The number of data items obtained from the
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finite element processing, and written in the VisualFEA file.
< Number of contour menu items: The number of popup menu items in the
“Contour” dialog for contouring of the analysis data.
The contour menu items may be customized by the external solver. It is the
responsibility of the solver to count the custom popup menu items and write the
number into this entry.
< Number of vector menu items: The number of popup menu items in the
“Vector” dialog for contouring of the analysis data.
= Displacement item entry: This entry directs the displacement data position
entry in the analysis data position record.
< Maximum number of adaptive iteration cycles: The maximum number of
iteration cycles is set as a criterion of terminating the iteration, prior to
adaptive processing. This value is used to secure the space of the adaptive
analysis data position record, and is ignored for non-adaptive analysis.
= Number of load increments: The value of this entry is used to secure the space
of the nonlinear analysis data position record, and is ignored for linear
analysis.
< Number of time steps: The value of this entry is used to secure the space of
the dynamic analysis data position record, and is ignored for static analysis.
< Number of adaptive analysis solution data sets: The number of data sets
including the intermediate and the final data sets obtained from adaptive
analysis process.
0: for non-adaptive analysis.
2: for adaptive analysis in which only the data sets of the initial and the
final stages are stored.
3 or greater: for the data sets of the intermediate as well as the initial and
the final stages.
< Number of nonlinear analysis solution data sets: The number of data sets
stored in the intermediate and the final steps of load increments for nonlinear
analysis.
0: for linear analysis.
1: for nonlinear analysis in which only the final solution is stored.
2 or greater: for nonlinear analysis in which the intermediate data as well
as the final solution data are stored.
< Number of dynamic analysis solution data sets: The number of data sets
stored for the intermediate and the final time steps of dynamic analysis.
This entry is ignored for static analysis.

« Adaptive analysis data position record

Adaptive analysis data position record has the information on the offset distance,
in bytes, from the beginning of the file to the starting point of each data sets stored
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for the intermediate process of an adaptive analysis. The record has entities of 4
byte long integers, as many as the maximum number of adaptive iterations. This
record is included only in case of adaptive analysis.

n’ 4 byte(long int)

The number of entries in adaptive solution data
position recored is n.

1t adaptive solution

and ad aptive solution
sth adaptive solution

as many as the maximum number of adaptive iteration cycles

<Adaptive analysis data position record>

« Nonlinear analysis data position record

Nonlinear analysis data position record has information on the offset distance, in
bytes, from the beginning of the file to the starting point of each data sets stored for
the intermediate process of a nonlinear analysis. The record has entities of 4 byte
long integer as many as the number of load increments. This record is included
only in case of nonlinear analysis.

m’ 4 byte(long int)

The number of load increments is m.

final solution data set| |

1t interrmediate data set
2zt intermmed iate data set

as many as the number of load increments

<Nonlinear analysis data position record>

« Dynamic analysis data position record

Dynamic analysis data position record has the information on the offset distance,
in byte, from the beginning of the file to the starting point of each data sets stored
for whole time steps of a dynamic analysis. The record has entities of 4 byte long
integer as many as the number of time steps. This record is included only in case of
dynamic analysis.
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m’ 4 byte(long int)

' data set forthe 1st time step
data set for the 2nd tirme step

The number of time steps is m.

v data set for the last tire step

as many as the number of time steps

<Dynamic analysis data position record>

« Analysis data position record

Analysis data position record has information on the offset distance, in bytes, from
the beginning of the file to the starting point of each analysis data item. The record
has 30 entities of 4 byte long integer. The blank spaces are reserved for future use.

= Analysis data item 1 through n : The positions of analysis data items.

30" 4 byte(long int)

Anaysis data itern 0
Anaysis data itern 1
Anaysis data itern &

<Analysis data position record>

» Custom contour menu data

The popup menu items in “Contour” dialog can be customized by the external
solver. For this purpose, the solver should write the following menu data in front
of the analysis data in the VisualFEA file.
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1" 20 byte(char[])
3" 2 byte(short int)

.

* As many as contour menu items

Data itern Mo,

Mernu itern string
Component
Reading unit

<Custom contour or vector menu data>

Menu item string: Menu string with 20 characters including blank space. The
string appears as an popup menu item.
Data item No.: The data with this item No. will be displayed when the menu
item is chosen.
Component: The component of the data item to be displayed.
Entry No. or type: One component data consist of many data unit. Entry No.
designates which entry out of a data unit is to be read and displayed. Entry
type designates how a data unit is read and displayed. If this entry has a
small integer value like 0,1,2,3,..., then this represent the entry No. Otherwise,
this is relevant to entry type as follows ( The macro in the header file is shown
within the parenthesis.):

6000 (DISPLACEMENT_NORM) : Read all entries of each data unit, and

make one norm of these values. For example,

U=qul+0+d

7000 (READ_ALL) : Read all entries of each data unit.

« Custom vector menu data

The popup menu items in “Vector” dialog can be customized by the external solver
in the same way as the case of “Contour” dialog.

« Analysis data items

The number of analysis data items are specified in the analysis data master record
described above. Each data item is obtained as the final products of finite element
processing, either by VisualFEA or an external solver. The analysis data have
hierarchical construction of entry, data unit, component and item. Each data item
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consists of header and main body as shown in the following figure.

Header of — |
dataitem 1
Data item 1
Header of |
data item 2
Data item 2
\‘MHH\}\H \H}H L ]
T L
T
Header of HH‘H ‘H
data itemn
Data item n

< Structure of analysis data>

The header record has the information on the hierarchical structure of the data. A
data item is composed of a few components. A component has a number of data
units. A data unit has a uniform or a variable number of consecutive data entries.

Number of components;: One data item has either only one component or
more than one components. This entry specifies the number of components
composing the data item.
Number of data units: Data unit is an aggregate of consecutive data entries
which are read as one unit. There are number of data units in one component
of a data item. This may be , for example, the total number of elements or the
number of nodes, used in the model.
Unit size: A data unit may have only one entry or a number of entries. the
unit size may be uniform for all data units in the component, or may vary
from unit to unit. For example, if the data item is the principal directions, the
unit sizes are uniformly the same as the spatial dimension. If the data item is
the displacements in a mixed structure, the unit sizes may not be uniform,
because the number of nodal d.o.f. are not necessarily the same for all nodes.
The following macro is defined for variable nodal d.o.f. in the header file.
2000 (VARIABLE_NODAL_DOF) : A data unit consists of data entries as
many as the nodal d.o.f. which varies from node to node.
Writing rule: This entry specifies what a data unit is represented by. The
following macros are defined in the header file.
1 (WRITE_NODE) : A data unit matches with one node. So, there are as
many data units as the number of nodes.
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2 (WRITE_ELEM) : A data unit matches with one element. So, there are as
many data units as the number of elements.

3 (WRITE_ELEM_NODE) : A data unit matches with each one of the
nodes in an element. So, there are as many data units as the sum of
the numbers of nodes in all elements.

4" 4 byte(long int)

|

Header record for the data item

Mo, of corpenents
Mo, of data units
Size of data unit

Writing rule

No. of data units “ size of data unit” 4 byte(float)

Size of data unit “ 4 byte(float)

As many as
the number of
components

< Structure of an analysis data item>
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2 edge mesh 4-12
compatible for mesh generation 4-14
generating mesh  4-12
shifting alignment 4-16

2 Edges 4-12

2-D frame 1-12, 4-63

2-D seepage 1-12

2-D seepage analysis 7-73

2-D truss 1-11, 4-63

3 edge mesh 4-17
compatible for mesh generation 4-17
generating 4-17

3 Edges 4-17

3-D cursor 2-29

3-D frame 1-12, 1-4-63

3-Dsolid 1-11

3-D truss 1-11, 4-63

3-D volume seepage 1-12

3D volume heat 7-1

3D volume seepage 7-1

4 edge mesh 4-18
compatible for mesh generations 4-19
generating 4-18

4 Edges 4-18

A

Absorb Node 4-72
acceleration parameter 6-9
acceleration participation 7-64
adaptive analysi 1-12
Adaptive analysis 1-16, 6-5
adaptive process 6-6
iteration cycle 6-5
termination 6-5
visualization of 6-6
aerial view 2-49

index

analysis class 5-8
analysis data 9-2
boundary condition data 9-5
element property data 9-5
member jointdata 9-5
node data 9-5
temperature data 9-5
Analysis Info 6-26
analysis information 6-26
analysis results 9-2
analysis subject 2-14, 8-9
analysis type 7-4,8-1, 8-4
animation 1-13, 7-83, 7-86
creating 7-86
playing 7-90
animation script 7-86
commands 7-87
textfile 7-86
writing 7-86
animation speed 7-67
arrow display 7-45
displaying selectively sampled 7-50
length of 7-50
line arrow in 3-D volume 7-47
line arrow on surface 7-47
options for 7-53
placement focus of 7-49
position of heads 7-49
solid arrow in 3-D volume  7-47
solid arrow on surface 7-47
thickness of 7-50
type of 7-47
Arrow on Object 5-59
attribute assignment 2-48
displaying 2-48
attributes 5-8
Auto Mesh 4-4
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Auto Mesh (Volume) 4-39
Auto Mesh on Primitive 4-9
Auto Solve 6-20, 8-13

automatic tetrahedronization 4-38, 4-39

boundary meshes for 4-41
generating mesh 4-39
automatic triangulation 4-4
auxiliary plane 7-3, 7-16
axial force 8-2,8-4,8-5

axis of revolution 4-21, 4-30, 4-31, 4-58, 4-59, 4-67

axisymmetric 1-11
Axisymmetric heat 7-1

B

B-spline surface 3-1, 3-13
back substitution 1-15
band width 6-22
base model 5-71
bending moment 8-4, 8-9
Bezier surface 3-1, 3-14
boundary condition 5-30
heat conduction 5-38
structural 5-30
boundary condition 9-14
boundary condition data 9-14
boundary curve 3-1
boundary lines 7-9
boundary surface 7-35
boundary surface rendering 7-8, 7-48
none 7-8,7-35, 7-48
opaque 7-8,7-35, 7-48
outline 7-8, 7-35, 7-48
style of 7-8
transparent 7-8, 7-35, 7-48
wireframe 7-8, 7-35, 7-48
bounding box 1-7, 2-32
bounding curve 4-23, 4-25
bounding primitive 4-52
bounding surface 3-1
box edge 4-43

box edge mesh 4-42
boundary surfaces for 4-41
curves forming 4-42

Box Edges 4-42

broken mesh 2-50

button 2-5
active 2-5
inactive 2-5
pressed 2-5

By Coordinates 7-22

By Ratio 7-22

C

CAD software 9-5

capping 1-13

centering 1-7

central difference method 6-7, 6-9

Change Side 5-58

circle 1-9,3-1,3-3
center & radius 3-6
clockwise 3-6
counter-clockwise 3-6
three point 3-6

circular arc 3-1, 3-3
center 3-3
center & angle 3-5
clockwise 3-4
counter-clockwise 3-4
end point 3-4
starting point 3-4
three point 3-5

Clear 3-19

Clear Diagram 8-10

combined Load Case 7-69

cone 1-9,3-1

confined head 5-41, 5-42

constitutive model 5-9
compression only 5-9
easto-plastic;Tresca 5-9
elasto-plastic.D-P 5-9



elasto-plastic:M-C 59

elasto-plastic:\V-M  5-9

linear 5-9

tension only 5-9
contour 1-13

marking 1-14
contour band 7-3

aligning 7-12

number of 7-6

range of 7-6
contour image 7-2
contour marking 7-28
contour scale 7-10, 7-11, 7-38

editing 7-10

format of 7-11

options 7-14

reading 7-15

saving 7-15

setting 7-10

symmetrically arranged 7-13

truncating 7-12
Contour... 7-4
contouring 7-3,9-1
contouring method 7-7

pixel painting 7-7

polygon fill 7-7
contouring object 7-5

all abjects 7-6

cross planes 7-6, 7-9, 7-25

cut plane 7-6, 7-16

parallel planes 7-6, 7-20

selected objects 7-6

control point 2-21, 2-54, 2-57, 3-1, 3-2, 3-19, 3-20

displaying 2-48

end point 3-2, 3-3

moving 3-20, 3-21

single point 3-11
convection 5-38
convergence 6-10
convergence criterion 6-10
coordinate axis 2-15, 2-22

index

coordinates 2-54, 2-57
3-dimensional 2-54, 2-55
inputting 2-54, 2-60
inputting by keyboard 2-60
of points 2-54
undoing input 2-61

Copy 4-69

crack tip 4-78

cross plane 1-13, 7-25
activating 7-25
contouringon 7-27
locating 7-27
placing by mouse dragging 7-26
setting 7-25, 7-26
setting mode 7-25

cross-platform software 2-1

cursor 1-8,2-1,2-21
3-dimensional 1-8, 2-1, 2-29, 2-54, 2-59

curve 1-9,3-1,4-21
B-spline 1-9, 3-1,3-9, 3-10
Bezier 1-9,3-1,3-9,3-10
building boundary 3-31
circle 3-1
circulararc 3-1
copying 3-19
creating 3-2
cubic spline 1-9, 3-1,3-9
cutting 3-19
deleting 3-19
divided 3-36
dividing 3-32,3-33
dividing asawhole 3-34
division 3-1
duplicating 3-22
ellipse 3-1
ellipticarc 3-1
filleting 3-28
handling 3-19
linked 3-27
linking 3-27
moving 3-20
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mrroring 3-25
parabola 3-9
parametric 3-9
pasting 3-19
polyline 3-1,3-10
polynomial 1-9, 3-1, 3-10
projecting 3-30
rectangle 3-1, 3-11
reshaping 3-20
seed 4-21
segmented 1-9
separating 3-28
splitting 3-29
straight line 3-1
type 3-2

curve division 3-1, 3-32

Curve Normal Mode 8-13

Curve Plot  7-39, 7-40

curve plotting 7-2, 7-39
initiating 7-39
modifying 7-40
options for 7-41
resizing 7-41
sampling line 7-41
terminating 7-41

Custom Plane... 7-17

custom view 2-40
getting 2-40
setting 2-40

Cut 4-69

Cut Object 7-18

cut plane 7-16
activating 7-16
contouringon  7-17
setting 7-16
settingmode 7-16
slitting objects  7-18

cylinder 1-9, 3-1
creating 3-17

damping 6-8

coefficient 6-8

mass damping ratio 6-8
modal 6-9

mode equivalent Rayleigh 6-8
Rayleigh 6-8

stiffness damping ratio 6-8

data 5-1
data assignment 1-10, 5-1

adding 5-35

boundary condition 1-10
checking 5-1, 5-7
clearing 5-7

creating 5-1

defining 5-3, 5-11
deleting 5-1

dynamic motion 1-10
element properties 5-8
element property 1-10
ending 5-7

entering dataitems 5-5
general procedure  5-3
heat boundary condition 1-10
load condition 1-10
Member joint 1-10
modifying items 5-5
replacing 5-35, 5-40
visualizing 5-1

data edit text 2-5
data for user interface 9-5

construction plane data 9-5, 9-41
curvedata 9-5, 9-26
curve end pointdata 9-26
heat boundary condition data 9-5
load condition data 9-5, 9-33
primitive surface data 9-5, 9-29
surface mesh 9-5, 9-30

symbol size record 9-42
symbol variables 9-5



view transformation data 9-5, 9-40
volume mesh  9-5, 9-32
data interface 9-1
with external softwares 9-1
dataitem 7-4, 7-46
data items 9-3
number of 9-3
data level surface 1-13
data offset distance 9-7
Data sampling 1-14
dataset 5-1
assigning 5-1, 5-6
condensing 5-7
unassigning 5-1
decomposition 1-15
deformed shape 1-13, 7-2, 7-52, 8-7
of rigid frame 8-7
scale 7-53, 7-67
style of rendering 7-53
visualizing displacements by 7-52
Deformed Shape... 7-53
degree of freedom 5-30
diagram 1-13, 8-2
2-D and 3-Drigid frames 8-4
2-Dand 3-D trusses 8-2
axial force 8-2
bending moment 8-6
clearing 8-10
direction of 8-9
displaying more thanone 8-9
displaying partof 8-15
for selected membersonly 8-15
redrawing 8-10
reversing directions 8-10, 8-11
scale of 8-9
shear force 8-6
torsional moment 8-8
turning on/offtext 8-14
updating 89
diagram values 8-14
selectively turning on text of 8-14

index

turning off text of 8-14

dialog 2-2, 2-6, 3-17, 4-4, 5-8, 6-3, 7-1

2Edge Surf 4-12

3 Edge Surf 4-17

4 Edge Surf 4-18

Analysis Options  2-20, 6-3, 7-4
Arrow Display 7-45

AutoTri 4-4, 4-5

AutoMesh Volume 4-39

Box Edges 4-42

Contour Display 7-4, 7-8, 7-28, 7-33
Contour Scale 7-10

CutPlane Setting  7-17
Cylinder 3-17

Data Info 7-30

Deformed Shape Display 7-53
Dynamic Analysis Options 6-7
Dynamic Motion 5-63, 5-64
Extr Surf 4-21

Extr Vol 4-50

file opening 2-11

Iso-surface Display 7-33, 7-37
Load Condition 5-54, 5-55
Load Incremental Steps  6-12
Load Time Series 5-55, 5-56
Member Joint 5-68

modal 2-8

Modal Damping Coefficient 6-9
Mode Shape Control 7-67
modeless 2-8

Node Info 4-70, 4-71
Nonlinear Analysis Options 6-10
Other Divisions 3-34, 3-35, 3-37
Parallel Plane Setting 7-22
Preference 2-15

Prism Edges 4-45

Project Setup 6-7, 6-10
Property 5-8, 5-10

Revolve Surf 4-30

Revolve Vol 4-58

Save As 2-42
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Struct Boundary 5-30, 5-37

Surface Plotting 7-43

TetraEdgess 4-47

Translate Surf  4-27

Twist Surf 4-33

Twist Vol 4-60
displacement 7-1, 8-2, 8-4, 8-7
display options 8-12
Divide 3-34
Divide As a Whole 3-35
division 3-36

density 3-36

number of 3-36

removing 3-36

setting 3-36

division density 3-33, 4-22, 4-24, 4-28, 4-34, 4-

51, 4-53, 4-55, 4-57, 4-59, 4-61
weight of 3-38
drawing mode 8-1, 8-9
curve normal mode 8-13
instant 8-10
Instant redrawing mode 8-12
duplication 1-8,1-11
dynamic analysis 1-12, 5-54, 6-7
Dynamic Display 7-41
dynamic mode 6-8
number of 6-8
dynamic mode shape 7-67
dynamic motion 5-63, 5-63
animation of 7-65
assigning 5-63
defining 5-63
harmonic 5-64
time dependency 5-64
transient 5-64

E

editable text 2-60, 5-39, 5-45, 5-50

educational aid 1-14
educational aids 1-7

elasto-plastic 5-9
element 5-9

3-dsolid 5-9

axisymmetric 59

embedded bar 5-9, 5-23

frame 59

gap 5-9, 510

heat conduction 5-9, 5-38

interface 5-9

plane strain  5-9

plane stress 5-9

plate bending 5-9

shell 5-9

truss 5-9
element properties 5-8

defining 5-8
element data 9-11
Element Joint 5-68
element number 6-5
element numbering 6-1

optimizing 6-5, 6-23
element propertiy 5-15
element property data 9-15
element type 6-1, 9-12
ellipse 1-9, 3-1
ellipses 3-7

full 3-8

half 3-8

quarter 3-7
ellipticarc  3-1
embedded bar 1-12
embedded bar element 5-9

linear bonding 5-10

nonlinear bonding 5-10
energy norm error 6-6
equation solver 6-4

frontal 6-4, 6-23

skyline 6-4, 6-22
equivalent nodal heat data 9-20
equivalent node force data 9-19
error tolerance 6-10



explicit method 6-7
Export view 2-42
external solver 9-2
Extrude to Curve 4-24
Extrude(Surface) 4-21
Extrude(Volume) 4-50
extrusion 4-21, 4-49
extrusion height 4-34

F

file 1-7, 2-11
closing 1-7, 2-12
opening 1-7, 2-11
saving 1-7, 2-13

file contents 9-2

file format 9-1

Filel.D. 9-7

file identifications 9-6

file information 9-6

file opening 9-1

file opening dialog 7-83

file position 9-3
analysis 9-3
modeling 9-3
record 9-3

file saving dialog 7-85

file structure 9-1

fillet 3-28

finite element analysis 1-1, 6-1
learning 1-1
stages of 1-2
teaching 1-1

using intuitiveFEM 1-3
finite element processing 6-1
finite element solution 6-2
fit-to-window 1-7
fixity 5-31
flow discharge 7-78
flow path 7-76
force symbol 5-59

index

arrows off the object 5-59
arrows on the object 5-59
placement of 5-59
size of 5-60
frame analysis 8-1
procedure of 8-1
visualizing analysis results 8-2
frame element 4-63
frame elements 4-63
2Edges 4-66
3Edges 4-66
4Edges 4-66
duplicating 4-67
Extrude (Surface) 4-66
Extrude to Curve 4-66
generating 4-63
Revolve (Surface) 4-66
Sweep (Surface) 4-66
Twist (Surface) 4-66
frame structure 8-1
2-D frame 8-1
2-Dtruss 8-1
3-Dframe 8-1
3-Dtruss 8-1
geometry of 8-1
frequency 6-9
frontal length 6-23

G

gap element 5-10

Gauss quadrature 6-25

geometric data 1-8
inputting 1-8

geometric model 3-1

geometric nonlinear 6-10

graph 1-13, 7-41

graphical modeling softwares 9-5

graphical visualization 7-1

grid 1-8, 2-1, 2-21
3-dimensional 1-8, 2-22
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initial state  2-15
moving 1-8, 2-23
on/off 1-8
pane 2-15, 2-54
pitch 2-15, 2-22
plane 1-8,1-9, 2-22
preference 2-15
resizing 1-8, 2-24
scale 2-15, 2-22
settings 2-15, 2-22
sub- 1-8
subdividing 2-25
subdivision 2-22
turning on and off  2-22
user defined 2-26
grid plane 2-54

H

harmonic load 5-54

harmonic motion 5-64

header 9-7

header record 9-8

heat conduction 5-9

heat conduction 1-12
2-Dplane 1-12
3-Dvolume 1-12
Axisymmetric 1-12

heat conduction boundary condition 5-38, 5-39
assigning 5-39
defining 5-38
representation 5-40
types of 5-38

heat flow directions 7-1

heat flux 5-38, 7-1

heat transfer analysis 1-5, 7-1

hidden line removal 2-50

Hide Scale 7-31

hiding 2-43
lineelement 2-45
selected meshes 2-43

unmeshed curve 2-44
unselected meshes 2-43

icon 2-9
Image 1-13, 7-83
Capturing 1-13
handling 1-13, 7-83
Overlaying 1-13
Reading 1-13
retrieving 7-83
savedinafile 7-83
Saving 1-13, 7-85
Import View  2-42
incremental method 6-10
incremental step  6-12
Initial 2-41
initial displacement 5-31
initial view 2-41
getting 2-41
initial water table 5-41, 5-44
input data 9-3
elementdata 9-3, 9-11
element properties 9-3, 9-15
equivalent nodal forces 9-3, 9-19
equivalent nodal heats 9-3, 9-20
for external solver 9-3
heat boundary condition 9-38
integration scheme record 9-22
nodal dynamicsdata 9-21
nodedata 9-3, 9-10
number of integration points  9-3
state of frame member joints  9-3, 9-18
structural boundary conditions 9-3
temperature distribution 9-3, 9-17
Instant Redrawing 6-20, 8-13
integration method 6-7
integration scheme 6-1
integration scheme record 9-22
interface element 1-12, 5-9



gap 5-10

linear 5-9

no compression slip  5-10

no tensionslip 59
intermediate model 6-6
interpolation 1-15
intersection 1-8, 3-29

curve 3-29

Curve-curve 1-8

obtaining 3-30

point 3-29

surface primitive 3-30

surface-surface 1-8
intuitiveFEM version No. 9-7
iso-surface 1-13, 7-32

boundary surface rendering 7-35

contourson 7-34

dataitems 7-33

display option 7-33

level 7-37

number of 7-35

number of contour bandson  7-35

setting 7-33

visualizing scalar databy 7-32
iso-surface image 7-2
Iso-surface... 7-33
isotropy 5-10
iteration cycles 6-5, 6-10
iterative procedure 6-10

L

Lagrangian Surface 3-14
launching intuitiveFEM  2-9
level of smoothing 4-5, 4-40
light source 1-7, 2-18, 2-51
direction 2-18, 2-51
intensity 2-18, 2-51
on/off 2-18
settings 2-18
Limit Arrow Size 5-60

index

Line Element 2-45

linear analysis 5-9

linear static analysis 6-3

Link 4-69

Load Combination 5-61

load condition 5-45, 5-45
assigning 5-57
multiple 5-57
representation of 5-57

load condition data 9-38
assigned objects 9-38
attribute record  9-35
header record 9-33

load direction 5-45, 5-48
exchanging the referenceend 5-58
normal to curve 5-48
normal to surface 5-49
reversing 5-58
tangentto curve 5-48
tangentto surface 5-49
Xdirection 5-48
Y direction: 5-48
Zdirection 5-48

load increment 6-11

load incremental step  6-10

load selection 5-59

load type 5-45
bilinearly distributed 5-46
body force 5-47
hydrostaticin X 5-48
hydrostaticinY 5-48
hydrostaticin Z 5-48
linearly distributed 5-46
mid point force 5-46
nodal force 5-46
nodal moment 5-46
parabolically distributed 5-46
self-straining force 5-47
thermal load 5-47
uniform moment 5-47
uniformly distributed 5-46
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lofting 4-12 cutting 4-69
deleting 4-68
M hierarchical construction 1-5
merging 4-69
Macintosh 9-1 Moving 1-8, 4-73
Make Animation... 7-86 pasting 4-69
mass matrix 6-8 remeshing 4-77
consistent 6-8 resizing 4-75
lumped 6-8 rotating 1-8, 4-74
master record 9-3 transforming 4-73
material nonlinear 5-9 mesh by extrusion 4-21, 4-50
matrix assemblage 6-5 generating 4-21, 4-50
Matrix partitioning, 1-15 up to bounding curve 4-23
member force 8-2 up to bounding surface primitives 4-52
member joint condition 5-68 mesh by revolution 4-30, 4-58
assigning 5-68 mesh by translation 4-27
defining 5-68 curvesfor 4-28
member joint data 9-18 generating 4-27
menu 2-2, 2-4, 3-3, 4-1, 5-1, 6-7, 7-1, 8-1 mesh by twisting  4-33, 4-60
assign 2-4, 5-1 axisof 4-34
Circle 3-3 generating 4-33, 4-60
Cross 7-26 seed curve for 4-33
Cut 7-17, 7-18 mesh editing 1-10, 4-68
Diagram 6-20, 7-1, 8-1, 8-4 Dragging node 1-10
divide 2-4, 3-33, 3-34 Remeshing 1-10
edit 2-4, 3-19, 4-68 mesh generation 1-9, 3-1, 4-1
Ellipse 3-7 automatic 1-9
file 2-4, 29 automatic tetrahedronization 1-9
head 2-4 automatic triangulation 1-9
mesh 2-4, 4-1 coordinate mapping 1-9
opening 29 editing 1-10
Parallel 7-20 extrusion 1-9
Plot 7-39 general procedure 4-1
postpro 2-5, 7-1, 7-4, 7-33 lofting 1-9
pulldown 2-2 nine edge mapping 1-9
render 2-4 on a surface primitive 4-9
solve 2-4, 6-7 revolution 1-10
Sphere 3-15 six edge mapping 1-9
view 2-4 surface 4-3
mesh 1-5, 4-68 sweeping 1-9

copying 4-69 transfinite mapping 1-9



translation 1-9
triangular mapping 1-9
triangulation on surface primitives 1-9
twelve edge mapping 1-9
twisting 1-10
undoing 4-68
Mirror 4-36
mirroring 1-8, 1-11
modal frequency 6-9
modal participation factor 7-64
Mode Shape 7-67
mode shape display 7-67
animated 7-67
controlling 7-67
ending 7-68
scale of 7-68
speed of animation 7-68
starting 7-67
modeling data 9-2, 9-6
analysis output item record  9-24
dynamic analysis setting record  9-24
master record 9-6
position record 9-7
solver option record 9-23
modification mode 3-19, 3-20
Move 3-22
multi-loading view 7-69
Multi-step Analysis 7-57
multiple load case 7-69
multiple load conditions 5-62

N

New... 2-14

Newmark method 6-8

nodal coordinates 4-70
modifying 4-70

nodal dashpot 5-66, 5-66

nodal degrees of freedom 5-30

nodal dynamic properties 5-66

nodal dynamics data 9-21

index

Nodal Mass 5-66, 5-67
nodal resultant 7-2
nodal resultants 1-13
node 2-48, 4-70
absorbing 4-72
coordinates 4-70
dragging 4-70
invisible 2-48
number 4-71
stickto 2-58
node data 9-10
node number 6-5
optimizing 6-5, 6-22
node numbering 6-1, 6-22
nonlinear analysis 1-12, 6-10
nonlinearity 5-9
normal direction 4-79
Normal to X 7-20
NormaltoY 7-20
NormaltoZ 7-20
normalized motion 7-64
number 2-46
changing 2-46
displaying 2-46
object 2-46
number optimization 1-11
element number 1-11
node number 1-11
numerical data 7-1
numerical integration 6-25

@)

object 1-7
hiding 1-7
showing 1-7
object operation 1-11
open head 5-41
Open Image... 7-83
operating system 2-1
Mac 2-1

11
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Windows 2-1
Optimize Element Number 6-23
Optimize Node Number 6-22
Other Divisions... 3-34, 3-37
OtherWeight... 3-37
outline 2-50
output data 9-4

file positions 9-4

for contouring 9-4

for vector display 9-4

from external solver 9-4

master variables 9-4

P

Page Setup 2-14

pan 2-39
by option-drag  2-39
by scroll bar  2-39
Centering the display 2-39

panning 1-7

parallel plane 1-13, 7-20
activating 7-20
contouringon 7-24
mouse dragging 7-21
number of 7-21
orientation of 7-22
placing 7-21
rule of plane allocation 7-22
setting interactively 7-20
setting mode  7-20

Paste 4-69

periodic motion 7-64

phreatic surface 7-73

plane 3-1

plane strain 1-11

plane stress 1-11

plane/surface 5-9

plate 1-11

Play Animation... 7-90

plotted surface 7-43

the datumof 7-44
point source 5-38, 5-43
popping up texts 8-14
position record 9-3
Postprocessing 1-2, 7-1, 8-1, 9-1
postprocessor 1-3
preference 1-7, 2-15
Preferences... 2-15
preprocessing 1-2,1-7,1-8, 8-1
preprocessor 1-3
prescribed displacement 5-31
primitive surface 2-21, 2-44
Primitive Surfaces 2-44
principal stress  7-1
print 1-7,1-13, 2-14
screenimage 1-14
text 1-14
prism edge mesh 4-45
Prism Edges 4-45, 4-45
curve s compatible for 4-45
setting 4-46
processing 1-2,1-7,1-11, 6-1, 6-2
interactive real time  6-20
setting options for 6-3
project 2-9
file 2-11
new 2-10
starting 2-10
project setup 2-10
Project Setup... 2-14
projection 1-7,1-8
Mono 1-7
parallel 1-7
perspective 1-7
stereo 1-7
projection mode 2-53
depth cued 2-53
perspective 2-53
stereo 2-53



Q

quarter-point element 4-78
Quit 2-14

R

real time processing 8-13
reanalysis 6-5
Recovery and Smoothing 2-20
rectangle 3-11
creating 3-11
Redo 2-61, 4-68
Redraw Diagram 8-10
Remesh 4-78
remeshing 4-77
rendering 1-8, 2-19
Broken mesh 1-8
by broken mesh  2-52
by outline 2-51
by shading 2-51
by transparency shading 2-51
by wireframe 2-50
Hidden line removed wireframe 1-8
mode 2-19
model 2-50
Outline-only display 1-8
Shading 1-8
style 2-50
Transparency shading 1-8
Wireframe 1-8
Reset Arrow Size 5-60
Reset Plane 7-17
reshaping 1-8
surface primitive 1-8
Reverse 2-43
Reverse Diagram 8-10
Reverse Direction 5-59
Reverse Element 8-11
revolution 4-30, 4-49
axis of 4-30

index

direction of 4-30

number of divisions for 4-59
Revolve 3-23
Revolve (Surface) 4-30
Revolve (Volume) 4-58
rigid body displacement 7-54
rubber-band rectangle 2-37

S

sampling point 7-40
sampling value 7-30
Save 2-12
Save As... 2-13
Save Image... 7-85
Save Updated View 2-42
scalar data 7-2

contour 7-3

visualization of 7-2

visualizing by contours  7-3
scale bar 7-4, 7-29

turning on and off  7-31
scrolling 1-7
seed curve 3-1, 4-21
seed surface 4-51, 4-61
Seepage 1-12, 5-26, 7-1
seepage analysis 6-14
Seepage boundary condition 5-41
Seepage property 5-27
Selected Mesh  2-43
selection 1-8

element 1-8

node 1-8

surface mesh 1-8

surface primitive 1-8

volume mesh 1-8
selection tool 2-63
selections 2-62

all 2-67

curve 2-63

element 2-64
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14 Index

method of 2-65
node 2-63
object 2-62
single object 2-65
surface mesh  2-64
surface primitive 2-63
unselecting 2-67
volume mesh  2-64
Sequential Stage 5-69
sequentially staged analysis 7-59
Sequentially Staged Modeling 5-69
shading 2-17, 2-50, 8-8, 8-8
optimum contrast  2-17
settings 2-17
smooth surface 2-17
transparency 2-17, 2-51
Shape function 1-15
shear force 8-4, 8-6
component 8-6
for 3-Drigid frame 8-7
shell 1-11
Show Control Points 2-48
Show Numbers 2-46
Show Scale 7-31
Show Values 8-14
skyline solver 6-22
slicing 1-13
snap 1-8
solid 5-9
solution domain 5-8
solution method 6-7
direct integration 6-7
modal analysis 6-7
mode superposition 6-7
solution stage 6-4
solution type 6-7
dynamic 6-7
Solve 6-3, 6-7
solver 1-3, 2-20, 6-2
embedded 6-2
external 6-2

frontal 2-20
option 2-20
settings 2-20
source plane 7-43
sphere 1-9, 3-1
by 2 Points  3-16
by radius 3-15
creating 3-15
splitting objects  7-18
spring 5-31
spring constant  5-31
stage model 5-71
staged stress relaxation rate  5-80
static load 5-54
stepwise rendering 7-59
Stick to Control Point  2-57
Stick to Node 2-58
stiffness matrix 6-11
constant 6-11
updating 6-11
straight line 1-9, 4-64
straight lines  3-1
creating 3-2
strain  7-1
Stress recovery 1-15
stress singularity 4-78
Stress smoothing 1-15
stress-strain relationship  5-10
stresse 7-1
structural analysis 1-11
Structural Boundary 5-30
structural boundary condition 5-30
dataitems 5-31
defining 5-30
fixity 5-31
mixed values 5-32
prescribed displacement 5-31
representation 5-36
spring 5-31
structural problem 1-5
submenu 2-5, 3-22, 4-78



Duplicateand 3-22
Special Treatment 4-78
Surface Normal 4-79
support reaction 8-2
displaying 8-3
of rigid frame 8-7
surface 1-9, 3-1
analytic 3-1
B-splines 1-9
Bezier 19
parametric 1-9, 3-12
primitive 3-1
surface mesh generation 4-3
2edges 4-12
4edges 4-1
automatic triangulation 4-3
by mapping 4-12
duplication 4-3
mapping 4-3, 4-38
projection 4-3
sweeping 4-3
surface meshe 4-36
duplicating 4-36
mesh duplication 4-36
projecting 4-37
surface normal 4-79
surface normal direction 4-79
displaying 4-79
reversing 4-80
Surface Plot... 7-42
surface plotting 7-2, 7-42
dataitemsfor 7-43
options for 7-42
scale of height 7-44
surface primitive 3-1, 3-2
B-spline surface 3-1
Bezier surface 3-1
cone 3-1
copying 3-19
creating 3-2
cutting 3-19

index

cylinder, 3-1
deleting 3-19
flatplane 3-12
handling 3-19
mirroring 3-25
moving 3-19
parametric 3-12
pastings 3-19
plane 3-1
reshaping 3-19
sphere 3-1
truncated cone  3-1
sweeping operation 4-21
extrusion 4-21
revolution 4-21, 4-30
twisting 4-21
sweeping path 4-28
system equations 6-1

T

temperature 5-38
temporary file 6-5
termination criterion 6-5
Tetra Edges 4-47, 4-48
tetrahedron edges mesh 4-47
time history 7-60

modal participation factor 7-64

of nodal value 7-63

plotting 7-63

visualizing 7-60
time step 5-56, 6-8

dragging 7-66

ending 7-67

number of 6-8

resizing window 7-67

size 6-8
tolerance 2-16

inputrange 2-16

intersection 2-16

pane 2-16
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16 Index

selectionrange  2-16
tool button 2-2, 2-4, 2-5, 3-2, 4-1, 7-25
circle 3-3
contour marking 7-28, 7-30
cross plane setting  7-5, 7-6, 7-25
curve selection 3-33, 4-1, 4-4
cut plane setting  7-5, 7-6, 7-16
ellipse 3-7
elliptical arcs  3-7
grid 25
input 2-5
line 3-2
object movement 7-18
object operation 2-5
object rotation  7-19
parallel plane setting  7-5, 7-6, 7-20
rectangle 3-11
select surface mesh  7-6
select volume mesh  7-6
selection 2-5, 2-63
sphere 3-15
torus 3-18
view transformation 2-5
volume selection 7-16, 7-18, 7-20, 7-25
tool palette 1-7, 2-2, 2-4
torsional moment 8-4
diagram 8-8
for3-D frame 8-8
torus 1-9, 3-1
creating 3-18
transfinite mapping 4-12, 4-45
transient load 5-55
transient motion 5-64
Translate(Surface) 4-27
translation 4-49
transparency shading 2-50
triangular mapping 4-12, 4-17
truncated cone 1-9, 3-1
truncated model 7-36
truss 5-9
truss element  4-63

Twist (Surface) 4-33
Twist (Volume) 4-60
twist angle 4-34
twist axis 4-34, 4-60
twisted extrusion 4-33
twisting 4-49

U

undeformed shape 7-55
Undo 2-61, 4-68
Unselected Mesh  2-43
Update File Status 2-14
user interface 1-7, 2-1, 9-2

Vv

vector 1-13

vector data 7-2, 7-45
visualization of 7-2
visualizing 7-45
visualizing by arrows 7-45

vector image 7-2
overlaying 7-51

Vector... 7-45

velocity participation 7-64

view 1-7, 2-19
custom 2-40
direction 2-31
exporting 2-42
importing 2-42
initial 2-41
lastsaved 2-41
rotating 2-31
settings 2-19

view data 2-42
exporting 2-42
importing 2-42
updating 2-42

view direction 1-7, 2-35
rotating 2-33



setting 2-35
View rotation 1-7
virtual track ball 2-31
virtual trackball 1-7
visibility 2-43
recovering 2-44
reversing 2-43
visual effect 7-3
visualization 1-5, 1-13
3dimensional 1-13
aids 1-13
frame 1-6
scalar data 1-6
truss 1-6
vector data 1-6
volume 1-6
volume mesh generation 4-38
automatic tetrahedronization 4-38
box edges 4-42
duplications 4-38
mapping 4-38
prismedges 4-45
revolution 4-49
sweeping 4-38
tetrahedron edges 4-47
translation 4-49
twisting 4-49
volume meshe 4-62
duplicating 4-62
volume visualization 1-6, 1-7, 1-12

W

Wilson Theta 6-8
window 2-2, 2-6, 7-39
auxiliary 2-6
Curve Plot  7-39
main 2-6
Time History 7-67
Windows 9-1
wireframe 2-50

Y

index

yield criterion 5-9

Z

Drucker-Prager 5-9
Mohr-Coulomb 5-9
Tresca 5-9

Von Mises 59

zoom 1-7, 2-36

dial 2-36

factor 2-38

fitting to the window 2-38
gradual 1-7

in 1-7

inandout 2-36

instant 1-7, 2-38

locked zoomdial 2-37
out 1-7

rubber-band 1-7,1-15
using rubber-band rectangle 2-37, 2-54
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