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MAKROS

Introduction

Different Program Versions
There are three different versions of MAKROS:

Makrose.exe/Makros.exe: |ndependent application (English/German),
Makrosae.exe/Makrosa.exe: ADS application of AutoCAD (English/German),
Makrosarxe.arx/Makrosarx.arx: ARX application of AutoCAD (English/German).

Using makrosarx.exe, data transfer between AutoCAD and MAKROS is much faster.

Functionality

MAKROS is a program for Finite Element Pre- and Postprozessing. It may be started as independent
application or as an ARX respectively ADS application to AutoCAD, where it is possible to exchange data
between AutoCAD and MAKROS.

MAKROS offers the following functions:

Creation of Finite Element ( FE ) models
The creation is done in following steps:

First, a geometry model is created within AutoCAD or with MAKROS commands. This model uses as few as
possible macro elements to approximate the geometry of the given structure. Within these terms ,macro
eement’s' are large elements whose edges may also be spline curves. All macro elements give the “Macro
model” of the structure.

The macro model is transferred to MAKROS if it is created in AutoCAD.
MAKROS specifies the parameters for the subdivision of the macro elements into finite elements.

MAKROS calculates the subdivision of the macro model and creates the finite element model, which may be
transferred to AutoCAD.

With further commands of MAKROS this finite element mesh can be logically checked and possibly
geometrically modified within AutoCAD or with MAKROS commands.

Additional commands of MAKROS can be used to assign constraints, loads, element properties and material
data.

The resulting FE model can be saved in a text file using the neutral PATRAN, the NASTRAN or a specia
interface specification.

Using command “Load DLL" it is also possible to invoke own functions for the generation of nodes and
elements.

Interface between AutoCAD and other processing tools

MAKROS can also be used to translate geometry data from AutoCAD to other processing tools. AutoCAD data
can be read directly from an AutoCAD session or from a DXF-file. AutoCAD entities are trandated to line,
surface or solid elements. Geometrical data can be checked within MAKROS and possibly be modified by
several functions and made available for further processing within simply structured text files. MAKROS can
read most entity types from AutoCAD. Blocks and polylines composed of line and curved segments prior must
be broken up into basic components by the AutoCAD command ,,xplode".

Post processing
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MAKROS offers functions for visualization of calculation results received from other FE programs.

Invoking MAKROSARXE, MAKROSAE, MAKROSE

Makrosarxe is loaded as a DLL with the AutoCAD command ARX/Load, the file “makrosarxe.arx” must then
be selected in afile selection dialog. The DLL can not be unloaded using ARX/Unload, it remains loaded until
AutoCAD isfinished. Makrosarxe may also be loaded using the AutoCAD command (arxload “makrosarxe”).

Makrosae is activated with the AutoCAD command (xload “makrosae”). Please note the parentheses which
must surround AutoL I SP command “xload”. Makrosae can be unloaded with (xunload “makrosag”).

Note: Starting Makrosae or Makrosarxe within AutoCAD using “xload” respectively “arxload”, AutoCAD
needs the location of the executables and menu definitions of MAKROS. The directory of these files must be
added to the support path of AutoCAD (see AutoCAD menu Options/Preferences/Environment/Support).

Makrose.exe can be started as a stand alone application, also it can be associated with severa file types and so it
can be easily started by double clicking the relevant file name. Supported file types are:

*.dem: Demo files for automated run,
*.mes. Binary macro element structure isloaded and displayed,
* fes.  Binary finite element model is loaded and displayed.

Commands, switching control between AutoCAD and MAKROS
Theinvocation of commands within MAKROS is done by selecting menus on the menu bar of MAKROS.

Each command consists of a single keyword only. After command invocation an associated dialog box pops up
where additional parameters can be specified. By pressing button “Help” within a dialog box, the user can
become detailed information about the command.

Execution of the command is started by pressing button “OK”, pressing button “Cancel” will leave the
command without execution.

Messages of MAKROS are displayed within the protocol window of MAKROS. Popup windows are brought
up if yes or no answers of the user are required.

If MAKROS (makrosae or makrosarxe) is loaded from within AutoCAD, the control of the process is either
within AutoCAD or within MAKROS and only commands given in the currently active program are executed.
With the menu commands “MAKROSA” (“m_makrosa’ in the command line of AutoCAD) respectively
“AutoCAD” can be switched between both programs. Giving the command “MAKROSA” (“m_makrosa’)
within AutoCAD, the menu bar within the MAKROS window will be shown. Commands have then to be
selected only within this menu. All commands given within AutoCAD are delayed. After invoking the
command “AutoCAD” within the menu of MAKRQOS, this menu bar will be hidden and following commands
only can be given within AutoCAD.

Loading makrosae from AutoCAD, the menu bar of AutoCAD is automatically expanded by the menu group
~MAKROSA". Loading makrosarxe the command “m_makrosa’ must first be given in the command line of
AutoCAD, then control is transferred to MAKROS and the dialog box of the AutoCAD command “ menul oad”
pops up, where the AutoCAD menu file “makrosamnc” must be loaded and the menu group “MAKROSA”
added to the menu bar of AutoCAD.

The menu group “MAKROSA” has only the menu point “MAKROSA” that invokes the command
“m_makrosa” to transfers control to MAKROS.

Programming interface
The functionality of MAKROS may be expanded by own functions. These functions must be provided in one or
more DLLs. The commands DLL-Function (see chapter “Commands to generate new nodes and elements’ )
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and Interface (DLL) (see chapter “Interfaces to FE-Programs’ ) allow to call functions from DLLs. Folder
“makrosa/dIl” contains some examples for the development of DLL functions.

Graphical output, OpenGL display lists (layers)
Graphical output is done within a separate graphics window of MAKROS.

Element models can aso be transferred to AutoCAD and displayed or modified within the active AutoCAD
view.

The following information can be visualized:

currently defined macro model

currently defined finite element model

external element ID’s, group ID’s, mechanical type ID’s, orientation of the elements etc
specified subdivision of the edges of the macro elements

external ID’s of the nodes

boundary conditions and loads of the finite element model

distribution of scalar based results

distribution of vector based results

simulation of dynamically oscillations

The element model can be displayed as a wire frame model, a wire frame model that shows only sharp edges
and as a surface model. The surface model can be rendered and shaded. Parts of the model can have different
colors and can be displayed in different layers.

Graphics of MAKROS uses OpenGL functions of Windows NT and Windows 95 where parts of the graphics
are internally stored within display lists. The use of such display lists makes it possible to vary aspects of the
current view dynamically without a new calculation of the graphics. This way a high performance in the
graphics display can be achieved.

Analogous to the notations within AutoCAD we'll use within the following sections the term , layer also for
these OpenGL display lists. You can assign different layer IDs to different parts of the structure and names to
these layer IDs, so structural parts can easily be identified by name. In case a structure is read from AutoCAD
al layer information and layer colors are maintained. The assignments of layers and layer names will also be
saved to hard disk.

In case the structure is plotted within several layers, it's aso possible to show or hide these layers within
OpenGL.

For the definition of the 3D views within the OpenGL window two dialog boxes are available. With sliders
rotation and zooming of the structure can be done quickly.

Note: For OpenGL graphics the color palette should be set to ,True Color* (see Windows menu
Display/Settings/Color Palette).

Filenames

Saving the datato hard disk (command “Save”) uses severa files with fixed extensions. These extensions are:

*.mes: binary file of the macro model

*.mut: binary file with the data to subdivide the macro elements

* fes: binary file of the finite element model

* efp: ASCII-file with node coordinates

* efer ASCII-file with element descriptions

* lgd: binary file with loads, constraints, element properties and material data
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*.pos: binary file with post processing data
*.ews. saving of element selection sets

* btx: saving of text blocks

* dem: demo files

When a filename is required, a file selection window pops up where an existing file can be selected or a new
filename can be given. The basis name of this given filename is only used, the filename extension is
automatically appended according to the data being saved. Only files with appropriate extension are shown in
the file selection window.

Automatically saving of all data

With the command ,,Save automatically“ a time increment and a basis name of the files for automated
saving can be given. The basis name is appended by 1 respectively 2 and the filename extension according to
the type of data being saved. Datais saved alternately in files with expansion _1 respectively 2, so always two
copies of different times are available. Saved are the macro model, the finite element model, subdivision
parameters and load data that is currently in memory. In case of a mistake, you should turn of the automatically
saving immediately, so that a correct saving is not overwritten.

Parameters are to be given in the following dialog box:

Save data automatically I

Change file title | Time increment [mir) |3E1

File:  D:\boegesmakros_etwhmaknozakternp

Lazt time saved Fridpr 17 14:14:29 1938

| & Switch on ™ Switch off {

Apply I Cancel Help

Change file title: In afile selection box the basis name of the filesis to be specified

Time increment: The time increment for automated savings is to be given in minutes. The time of the
latest saving is displayed in the dialog box.

Switch on: Automatically saving is switched on.
Switch off: Automatically saving is switched off.

Undo function

Most dialogs, that generate new nodes and elements, have an ,,Undo” button. Recently generated elements are
plotted in yellow and can immediately be deleted by clicking this button, this has to be done before any other
operation is given

Element selection

Commands, that influence only some elements have the following options for the element selection in the
corresponding dialog box of the command:
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— Element zelection

51 | s2 | s3]

Select graphically |

Mew zelection -» | Flat |

I} Elements

All: All elements are selected

Group ID: The elements, that have the group 1D given in the input field are selected. If two group IDs are
given, these are interpreted as min- and max ID of an array of group IDs. If more than 2 IDs are given,
these are interpreted asindividual IDs.

S1, 52, S3: The element selection stored in selection sets S1 — S3 are used.

Select graphically: Clicking this option, you can select elements graphically with cursor.

New selection: Clicking this button, the dialog box for the element selection is popped up where other
options for element selections are given.

Plot: Selected elements are marked with a symbol, so you can check the selection graphically.

Graphical selection of nodes and elements within OpenGL

Several commands have options for selecting nodes and elements graphically within the OpenGL graphics
window.

After selecting such an option all graphically selectable nodes respectively elements are marked by a colored
symbol. This symbol has then to be selected by cursor.

The graphical selection offers following methods, the cursor symbol indicates which method is active.

Select individual nodes ( key e ): Multiple nodes can be selected by clicking the left mouse button. Selection
will be ended by pressing right (or middie) mouse button or pressing the key r respectively p to alter the
selection method. The cursor symbol is a square.

Rectangular area ( key r ): Opposite corners of arectangular area should be marked. All nodes within this area
are selected. The cursor symbol isacorner.

Polygon area ( key p ): All the vertices of a polygon area have to be marked with the left mouse button.
Pressing right button or the keys e respectively r closes the polygon. The polygon is plotted. All nodes within
this polygon are selected. The cursor symbol is arubber band line.

During a single selection process several individual nodes or nodes belonging to distinct rectangular areas or
polygon areas can be selected. The selection is ended by pressing the right mouse button.

The kind of selection can be altered during the selection process by pressing one of the following keys:

e Change to selection of individual nodes
r: Change to selection of rectangular areas
p: Change to selection of polygon areas

Key input during the selection process will be recognized only when input focus is within the graphical
window.
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When selecting individual nodes the view can be varied before each selection. If there are more than one
selectable point in the square area around the pointer in case of wire frame plot, this point is used that is nearest
to the cursor position. In case of hidden surface plot, there may be some invisible points near the pointer,
therefor in this case, the point is used that is nearest to the camera position. Note: If there is no visible point in
the square, an invisible point may be selected. With hidden surface plot only selection of individua pointsis
alowed.

All selected nodes are marked by a colored symbol. In case of selecting a node by mistake this selection can be
made undone by immediately pressing key d when the cursor is within the graphics window and the graphic
window has input focus.

In case of a graphical selection is made active from within the dialog box for node or element selection the
height of the square area around the pointer can be specified within pixel unitsin a pop up window.

External node and element Ids, Node elements

Node and elements get automatically an ID continuously as the are defined. Using command Sort Ids can
explicitly assigned to nodes and elements. For the assignment of loads, restrictions and properties, the externa
Ids are used, for that reason it is preferable to use only Ids continuously beginning by 1, so that Ids can directly
be used as indices. A not continuos succession of Ids is created, if some nodes or elements are deleted. By
saving the data to a disk file, it is checked whether nodes and element Ids are continuously beginning by 1. If
this is not the case, a warning is shown in the protocol window. Changing the Ids using command Sort it is
checked whether aload file exists and it is asked whether the used Ids in this file should be adjusted.

For the definition of elements first nodes must be defined, to these nodes automatically a node element is
assigned because nodes can only be stored in connection with elements. These node elements must explicitly be
deleted if they are no longer needed. Saving the file to disk it is checked whether node elements exist and a
warning is shown.

Demo files, Tutorials

Command seguences of MAKROS can be recorded to a file and later be reused for demonstration purposes.
These demo files use the extension *.dem.

Several demo files are given on the installation CD and can be used as tutorials. Running these demos all
dialogs associated with the invoked commands may also be shown with currently used parameter values. To get
more details look up command ,Demo file* in the last chapter.

Demo installation

MAKROS will be periodically checked against an available license code provided by a dongle. In case there is
no such dongle available, al the functions of MAKROS can be used without any restrictions, however no
saving of files or transferring of datato AutoCAD is possible.

10 Version 6.0



MAKROS

Element types

MAKROS differentiates between macro and finite elements. Macro elements serve the purpose of defining a
rough geometry of the solid to be calculated. The macro model is in most cases generated within AutoCAD.
After the definition of how the macro elements should be divided, a finite element model will be generated out
of the macro model. Finite elements will be used as input to afinite element calculation.

Table 2.1 shows al available geometric element types.

The geometrical form of the elements is defined by a geometrical type ID consisting of 2 (3) digits. The first
digit (except for digit 7) defines the number of corner nodes for the element:

1 = node element

2 = line element

3 = triangular element

4 = quadrilateral element

6 = pentahedron

7 = tetrahedron

8 = hexahedron

10 = plane surface with up to 10 straight or curved edges

40 = plane surface element with up to 40 straight or circular edges.

The second digit distinguishes the number of nodes on edges between the corner nodes and in the inner of the
element surface:

0 = straight edge with no nodes between the element corners (exception type 400)

2 = curved edge with 1 node between the element corners

3 = curved edge with 2 nodes between the element corners

5 = curved edge with a variable number of nodes between the element corners

6 = curved edge with 1 node between the element corners and 1 node in the interior

7 = 2 nodes between the element corners and 2*2 nodes in the interior of the element surface (triangle elements
only have 1 node in the interior).

As macro elements only the types x0, x2, x5 can be used, where x = 2,3,4,6,8,10,40. Finite elements can be
used with all types except for x5 and 400. Using the command Type2Type (Chapter “Commands to generate
new nodes and elements’) a conversion between some different types can be done where additional nodes
between the element corners and in the interior can be generated automatically.

For each element following data will be stored:

externa element ID

geometrical type ID

mechanical type ID

group ID

layer ID

color index

external ID’s of element nodes in the order shown in Table 2.1a — 2.1h

With mechanical type ID’s elements of identical geometrical shape (and type) can be distinguished due to their
different mechanical behavior (for example plates and shells). The real meaning of different mechanical types
depends on the used FE calculation program, (see e.g. NASTRAN interface).
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With group IDs several elements can be grouped together, e.g. for displaying parts of the structure with
different colors or to assign materials and loads.

The element types usually are automatically generated from AutoCAD entities or by subdividing macro
elements. Should individual elements be defined numerically (command “Element definition™), following rules
are to be followed:

For element types 10 — 85 first corner nodes of the elements have to be given, then intermediate nodes on
element edges and in the end nodes in the inner of the elements.

Hint; Intermediate nodes on straight element edges may be given as 0 with macro elements, with finite
elements only if the used FE program does this allow (transition elements).

In case of element type x5 the number of intermediate nodes on edges is variable. To mark the last
intermediate node for an edge, this node gets a minus sign ( except for type 105 ). O for an edge indicates
that there are no intermediate nodes for this edge.

In case of element type 105 the number of corner nodes and intermediate nodes on edges is variable. For
this type all nodes are given in continuous order as a polyline and all intermediate nodes on curved edges
are marked by a minus sign. First and last node of the polyline must be identical. Between corner nodes
several intermediate nodes can be given. In case of a single intermediate node a circular arc and in case of
multiple intermediate nodes a spline curve will be generated for the corresponding edge. Elements of type
105 can have an object height, which is given by an additional node. The connection between this node and
the first element node will be used as the first perpendicular edge for this element (see Table 2.1g). All
other perpendicular edges are assumed to be parallel to this edge.

Elements of type 105 can be meshed freely or using a regular pattern for 4 node elements (see chapter
“Subdivision of macro elements into finite elements’). For regular pattern these nodes, which serve as
element corners must be known. The external 1Ds of these nodes can explicitly be specified during the
definition of these elements. They will be saved after the node specifying the element’s height. The first
node of such an element will aways be used as the first corner; only the following 3 corner nodes must
explicitly be specified. In case no corner nodes are specified, MAKROS uses for a subdivision with a
regular pattern those 3 vertices with the smallest angles in addition to the first node.

Elements of type 400 are plane elements with up to 40 corners, all nodes are given in continuous order as a
polyline and intermediate nodes on circular edges are marked by a minus sign (same as with element type
105). First and last node of the polyline must be identical. Only straight edges with 0 intermediate node and
circular edges with 1 intermediate node are allowed.

Elements of type 105 and 400 may contain holes in the inner of the element. To define holes, one node of
the border of the hole is connected with a node on the border of the element, so that a closed polyline can be
defined containing al borders of the element (see example below).

With Command ,, Element definition* it is possible to specify individual elements by giving the IDs of the
element nodes. For example the elements shown in Table 2.1a— 2.1h are defined as follows:

Type45:1,2,3,4,5,6,-7,-8,9, 10, -11, -12

Type85:1,2,3,4,56,7,8,9,-10, 11, -12, 13, -14, 15, -16, 17,-18,19, -20, 21, -22, 23, -24, 25, -26,
27,-28, 29, -30, 31, -32

Type105: 1, 2,3,-4,5,6,-7,8,9,1,

With object height ( node 11 ) and explicit definition of corner nodes ( nodes 1, 2, 5, 9), for the subdivision of
the element with aregular pattern, the shown type 105 hasto be defined as follows:

1,23,-45,6,-7,8,9,1,11,2,5,9
Type 400 (with holes and circular edges):

1,-2,3,4,-5,6,7,-8,9,-10, 7, 6, -13, 14, 15, -16, 17, 18, -19, 20, -21, 18, 17, -24, 15, 14, -27, 28, 29, -30, 31,
-32,29,28,-35,4,3,-38, 1
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Type 1D Nunber: of Ceonetri cal shape
nodes
1 1
20 2-5 1
2
3
22 3-5
23 4
25 <=10

Version 6.0
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Type ID

Nunber of

Geonetri cal shape
nodes
30 3
32 6
33 9
37 10
35 <=30

Table 2.1b
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Type I D

Nunber of

CGeonetri cal shape
nodes
40 4
42 8
46 9
43 12
47 16
45 <=40

Table 2.1¢
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Type I D

Nunber of

CGeonetri cal shape
nodes
60 6
62 15
63 24
65 <=40

Table 2.1d
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Type I D

Nunber of

CGeonetri cal shape
nodes
70 4
72 10
73 16
75 <=40

Table 2.1e
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Type ID

Nunber of

Geonetri cal shape
nodes
80 8
82 20
83 32
85 <=40

Table 2.1f
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Type- Nunber  of

I D nodes geonetrical shape
105 <=40
105 <=40

Table 2.1g
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Type ID [ Number

nodes Geometrical shape
3} 4
4
Q 1
400 | <=40 ) X
D q 3

400 | <=40

Table 2.1h

Definition of macro elements within AutoCAD

The macro model should approximate the overall geometrical form of the solid to be calculated by use of large
elements (,,macro elements*). It is important to specify the edges of the solid. The area between the edges is
approximated by C°-Coons surfaces. Macro elements are defined by corner nodes and intermediate nodes on
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edges. For each edge it is possible to specify 10 nodes, for each surface element no more than 20 nodes (40 for
type 105 and 400), for each solid element no more than 40 nodes can be specified. Each edge consisting of
more than 1 intermediate node between corners will be approximated by a spline curve. Edges with exactly 1
intermediate node will be approximated by acircular arc.

The basis of the element structure will be an AutoCAD generated construction model. For the definition of
macro elements it is a good practice to construct additional cross sections of the construction model and to
generate additional nodes placed on model edges and intersection edges.

Macro elements can easily be defined following these rules:

Line elements

Line elements are defined with planar or three-dimensional polylines. Polylines having only 2 vertices will be
converted to element type 20, not closed polylines with more than 2 vertices are converted to type 25.

Surface elements defined by closed polylines

The easiest way to define surface elements is by defining planar or three-dimensional closed polylines
comprising element corner nodes and intermediate nodes.

Two strategies are aternatively used by MAKROS to distinguish between element corner nodes and
intermediate nodes on element edges:

1) Succeeding vertices with equal coordinates (denoted as “double vertices’) are used as element corner
nodes. Vertices with a small distance (less than 1/50 of the longest distance between two vertices) are also
regarded as double vertices.

2) The angles between succeeding edges are checked. Vertices with smallest angles are used as element
corner nodes.

Theinterpretation of a closed polyline got from AutoCAD follows these rules:

First vertex of the polyline defines the first element node.

The polyline is considered to be closed, if the distance between the first and the last vertex is less than 1/50
of the largest distance between two vertices, or if the polyline is marked as closed by AutoCAD.

Polylines with 4 vertices will be converted to type 30 elements; polylines with 5 vertices will be converted
to type 40 elements.

Polylines with more than 5 vertices are aternatively converted to type 35 or 45 elements (option T45), to
type 105 elements (option T105) or to type 400 elements (option T400), the option must be marked in the
corresponding dialog box. With option T400 marked, an element of type 400 is generated with only straight
edges; if some edges should be circular, the intermediated nodes on these edges must later be marked with a
—sign using command “Element definition”.

To find out the element corner nodes for elements with curved edges, first the presence of double verticesis
checked. If double vertices are found, these are interpreted as corner nodes of the element. In case of the
presence of a double vertex, all corner nodes of the element must be defined using double vertices. 2 double
vertices within the polyline define type 35 elements, 3 double vertices define type 45 elements and more
than 3 double vertices define type 105 elements.

If no double vertices can be found within the polyline, the angles between the 2 edges of each vertex are
calculated and the vertices with the smallest angles are used as corner nodes. The angles have to be less than
150 degrees (another value can be given within the dialog). If 3 or more vertices with angles less than 150
degrees are found, element type 45 will be generated (where these 3 vertices with the smallest angles are
used as corner nodes). With 2 vertices found type 35 elements will be generated. Polylines with more than 3
vertices with angles less than a given value can optionally be stored as type 105 or type 400 elements. This
option must explicitly be selected in the dialog.
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Between the element corner nodes it is possible to define O or more additional nodes on the edges where
you can use up to 8 nodes for each edge and up to 20 (40 for type 105 and 400) nodes for the complete
element (without double vertices).

Example: In the following figure the left and right elements are defined by a simple polyline where the smallest
angles are used to fix the element corners. The second element is defined by a polyline where double vertices
are used to fix the element corners. The vertices of the polylines are numbered continuously; a circle marks
double vertices. The left polygon consists of 11 vertices, vertices 4, 6, 9 will be used as element corners
because these vertices have the smallest angles. The second closed polyline consists of 14 vertices with vertices
4/5, 7/8 and 11/12 with identical coordinates, so these vertices are used as element corners. The right polyline
consists of 7 vertices, where the angles in 4 internal vertices are less than 150°; a type 150 element is created
because the option T105 is set in the dialog box.

Surface elements defined by closed polylines

In case of exactly one intermediate node on each edge type x5 element will be converted to type x2 element.
For exactly 2 intermediate nodes, type x5 will be converted to type x3 element (for FE model only).

For element type 105 and type 400 all vertices must be defined within one plane. We suggest defining these
elements as 2D polylines within aloca coordinate system.

AutoCAD surfaces

Several surfaces generated by AutoCAD can be used and directly converted to macro elements. These are the
types 3D-surface and 3D-polygon mesh.

3D surfaces will be converted to elements of type 40 or 30.

3D polygon meshes will optionally be converted to type 40, 42 or 45 elements. Y ou can specify, whether al or
only some mesh lines are to be used for the generation of the elements. The mesh can be single or double
closed.

Solid elements defined by multiple closed polylines

Solid elements are defined by a polyline consisting of at least 2 internal closed polylines. The interpretation of
such a polyline generated by AutoCAD is based on the following rules:

Starting from the first vertex the next vertex within a distance of less than eps to the first vertex will be
searched (vertex k1, vertex 7 in following figure). If thisis the last vertex of the polyline, a surface element
will be generated. The polygon area described by these vertices will be interpreted as a surface element of
type 3x or 4x (x = 0 or 5). This surface element will become the bottom face of the solid element. The
vertex following k1 will be used as the starting vertex for the next closed polygon area and the next vertex
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within a distance of less than eps to this vertex is searched (vertex k2, vertex 12 in the figure). This areawill
be considered as a cross section of the solid element (or the top surface of the element, if no further closed
polygons follow). Zero or more cross sections between the bottom and top surface can be given.

If the solid element is only built up with straight edges, the fourth and the first vertex and the fifth and the
eighth vertex for element type 60, the first and the fifth vertex and the sixth and the tenth vertex for element
type 80 are identical. These possibilities are checked first. Type 65 and 85 can consist of up to 8 additional
nodes on edges. The total number of nodes must be no more than 40 nodes.

Solid elements can a so be defined within AutoCAD as closed 2D polylines with a given object height. This
will result in a solid element with constant height where the polyline defines the bottom surface. In case of 4
or 5 polyline vertices, elements of type 6x or 8x are generated. In case of more than 5 vertices, element type
105 is generated with an additional node indicating object height.

Following Fig. defines a solid element by a polyline with 19 vertices (continuously numbered) where vertices
1/7, 8/12 and 13/19 have identical coordinates. With this polygon a solid element of type 82 will be created.

Solid element defined by tree closed polylines
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Commands processing the entire structure

Overview
The menu group , Structure“ contains commands that affect the entire structure.

The following commands are provided:

Activate FE-/Macro Structure Switch between processing of FE respectively Macro model

Load file Load elements from hard disk (binary file)

Saveto file Save elements to hard disk (binary file)

Save dl Save all datain memory to hard disk

Save automatically Save all data automatically

Read AutoCAD data Read elements from AutoCAD respectively from a DXF-file
Delete e ements Delete elements in memory

Delete al Delete al datain memory

Macro <-> FE Transfer elements between structure type

With command Activate FE-/Macro structure you can switch between processing the macro model and
processing the FE model. With Load file a saved structure is read from a binary file, with Save to file the
structure currently in memory is saved in a binary file. With Read AutoCAD data elements are read from
a DXF file or from an AutoCAD session. Command Macro <-> FE makes it possible to transfer elements
from one kind of structure to the other.

Command descriptions

Activate FE-/Macro Structure: Switch between processing of FE respectively Macro model

Macro model and FE model can be loaded in memory simultaneously, but only one kind of structure is active
for processing. The title bar of the graphics window shows, which structure is active. The command switches
processing to the inactive structure. The label of the menu button shows, which kind of structure will be set
active by clicking the button.

Hint: 1f memory isbarely, only one kind of structure should be loaded at atime.

Load file: Load structure from hard disk

With this command a previously saved structure can be loaded. Following dialog shows the options available to
specify the filetitle. Loading will be done by clicking button , Project file* or button ,, Another file":
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Load macro-structure |
— File fitle —Append elements
Project litle & Delete elements first
. Smakroshtestsbecher
" Append
Change praoject title -=
— Group D
Another file title -
i Keep|D
makrositesthkuppel  New |23—
Froject file Anather file Cancel | Help |

File title

Project title: The name of the current project is shown; this file title is used if button “Project file” is
pressed.

Change project title: A new project title can be selected from a file selection window.

Another file title: A file title can be selected from a file selection window; this title is used if button
“Another file” is pressed.

Append Elements

Delete elements first. Before loading, existing elementsin memory will be deleted

Append: New elements will be appended to existing elements

Group ID
Keep ID: Group ID of loaded elementsis not changed.
New: Loaded elements get the given group ID.

Save to file: Save edementsto afile

This command saves all currently defined elements of the active structure in binary form in afile with extension
.mes respectively .fes. When first saving, a dialog box is popped up where you can select a filename or create a
new one. You can select any name. The file extension of the selection will be removed and replaced by the
proper extensions. The title (without extension) will be shown as your project title within the dialog box. With
»Change project title* a new title for the project can be specified in afile selection window. With , Another file
title", afiletitle that is not the project title may be specified for saving.

Saving is done be clicking the button ,, Project title" respectively , Another filetitle".

Following dialog shows the available options:
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Save macro-structure as

— File title

Project kitle

o ITERERERE TS Anather filetitle

Chage project title -» |

Cancel
Anothet filetitls |

[esteriis]
=
[ e

Help

Save all: Save all datain memory to hard disk

This Command saves all datain memory to hard disk files where the project title is used as a basis name. If no
project titleis specified, the title has to be given in afile selection window.

Attention: Existing files are overwritten without warning.

Save automatically: Save all data automatically to hard disk.

With this command atime increment and a basis name of the files for automated saving can be given. The basis
name is appended by 1 respectively 2 and the filename extension according to the type of data being saved.
Datais saved alternately in files with expansion _1 respectively 2, so always two copies of different times are
available. Saved are the macro model, the finite element model, subdivision parameters and load data that is
currently in memory. In case of a mistake, you should turn of the automatically saving immediately, so that a
correct saving is not overwritten.

Following dialog shows the available options:

Save data automatically

Change file title |

File:

[:%boegetmakros_etwhmakrozaklemnp

=]|

Time increment [min] |3E1

Last time zaved

Frifspr 17 14:14:23 1332

‘ % Switch on ™ Switch off {
Apply I Cancel Help

Change file title: In afile selection window the basis name of the filesisto be specified.

Time increment: The time increment for automated savings is to be given in minutes. The time of the
latest saving is displayed in the dialog box.

Switch on: Automatically saving is switched on.
Switch off: Automatically saving is switched off.
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Read AutoCAD data: Read elements from AutoCAD or DXF-Files

With this command, elements can be read directly from a distinct or from multiple AutoCAD layers or from a

DXF-File.

Chapter “Definition of macro elements within AutoCAD” describes which types of AutoCAD entities can be
read. Only individual entities can be read, nested entities such as blocks and regions or polylines composed out
of lines and arcs must be divided into individual entity’s first, using AutoCAD command “xplode”. If some
entities cannot be interpreted as makro elements (e.g. only two corner nodes with a curved surface element),
these entities are left out. Read elements will be appended to the prior read structure, except option "Delete old
elements” is selected. After invocation of the command the following dialog box pops up. After checking and

setting up the proper options the button "Read" will start reading.

Read structure from AutoCAD |

Layer selection:

The list shows all available layers currently defined within AutoCAD or contained in the DXF file. Select
the layers to read entities from. One or more layers can be selected. The button ,Select all* selects all
layers and the button ,New" deselects all layers. With button ,,Update layer list* the available layers are
new checked, this could be necessary after new AutoCAD layers have been generated or a new DXF file
is selected.

The AutoCAD layers are continuously numbered and this number is stored as a layer ID with the

elements.

Entity selection

28

— Layer zelection

Update laver list |

—Append elements

' Delete old elements

LN

) Select graphically

gecatl | e | & &ppend new elements
1] -
ACHSE .
AUSPUFE — Mumbering
BHES
DIFF Group 1D |3
FROMT
FABLECH techTyp (D |3
KASTER LI P

— Entity Selection — Parameter

 T45 ¢ T105  T400

I'ISEI vI

Corner angle

[V D#F-File  Mew file |

D% boegehdufhirlkm

: dmax=/dmin 50 =
= Only following wpe
| =] e T
— Fead DF file — Polygonmeszh

Elementtype 0 -

Murnber [m,h] I':' 0

Indo |

Cancel | Help |
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All: All AutoCAD entities of the given layers will be read and converted to macro elements. The
interpretation of the entities is discussed within chapter “ Definition of macro elements within AutoCAD”.

Select graphically: Only these entities will be read, which are contained within a following selection with
AutoCAD commands. Only elements from one marked layer can be selected. Pressing Return ends
selections. Start the AutoCAD selection after pressing button ,Read” and after you have confirmed that
you will select graphically in a pop up dialog.

Only following type: 1f this option is selected, an entity type (POLYLINE, LINE, CIRCLE, ARC, SOLID,
3DFACE, TRACE, POINT) must be selected in the list. In this case only entities of the given type are
read from the selected layers.

Read DXF-File

If the option ,DXF-File" is marked, the title of a DXF-File must be selected in a file selection window.
The layers contained in the file are shown in the layer list. You can select individual layers and entity
types that should be read from the file. Button ,,New file* shows a file selection window where a new file
can be selected.

Append elements
Delete old elements: All previoudly read elements will be deleted.

Append new elements: Newly read elements are appended to previously read elements.

Numbering
Group ID: Y ou can specify agroup ID for the new elements. Default is the highest group ID + 1.

Mechanical type ID: You can specify a mechanical type ID for the new elements. Default is the highest
typelID + 1.

Parameter

T105: With this option selected, closed polylines with more than 4 corner nodes (vertices with an inner
angle less than the given value) are stored as type 105 elements.

T400: With this option selected, closed polylines with more than 5 vertices are stored as type 400
elements with straight edges. If some edges should be circular, the intermediated nodes on these edges
must later be marked with a— sign using command “ Element definition”.

T45: With this option selected, polylines with more than 4 corner nodes (vertices with an inner angle less
than the given value) are stored as type 45 elements, where only the 3 smallest corners and the first are
considered as element corners.

Corner angle: Within this input field you may enter an angle value for the interpretation of polylines. All
polyline vertices with inner angles lower than this value are considered as element corner nodes while
remaining vertices in this case are considered as intermediate nodes on element edges. Thisis not applied
by elements that are defined using successive polyline vertices with equal coordinates (double vertices).

Dmax/dmin: This input field may contain the ratio m. All vertices within a distance lower than dmax/m
will be considered as double vertices. dmax stands for the maximum distance between 2 vertices.

Eps: After reading from AutoCAD all nodes with distance lower than this value (eps) will be merged into
asingle node. If no value > 0 is given, the value of eps will be set automatically in relation to the smallest
edge length of all elements. Providing a value for eps would be useful to prevent merging of closely
related nodes.

Polygon mesh

Element type: For polygon meshes it is possible to generate elements of type 40, 42 and 45. Default is
saving each mesh as an individual 4-node element. With element type 42 2*2 neighbored meshes are
saved as an element with one intermediate node on the edges. For element type 45 4*4 meshes are
converted as an element with 3 intermediate nodes on the edges.
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Number: Within this field it is possible to specify the number of elements to be generated for x and y
direction. This means that not all edges of the polygon mesh will be used for element generation. If, for
example, the polygon mesh consists of 128 segments in one direction and only every second edge should
be used for generating type 45 elements, the number should be given as 16.

Delete elements: Delete elementsin memory

Some or al elements of the active structure currently held in memory can be deleted. By default al nodes
associated with these elements and not used by other elements are also deleted. However, by selecting option
»Keep nodes’ these nodes are kept and may be reused later for element definitions. Nodes, which aren’t used
by elements, will be associated with an element of type 1 (node element) and the given group ID, so these
nodes are easy to identify. If those nodes are not needed any more, they can easily be selected by clicking
button ,,Node elements’. Button , Apply* will delete the selected elements.

Following dialog shows the available options:

Delete elements Ed |

— Element selection————  keep nodes
ﬂl Gru:uupIDl I M Keep
IE
st| sz| s3] e

[Graphical selection |

MNew selection -» | Flat | Cancel |
Made eleml 257 Elements Help |

Delete all: Delete all datain memory
This command is deleting all data currently in memory and frees allocated memory.
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Macro <-> FE Append macro elements to finite element model or conversely

This command adds some or all macro elements to the finite element model or conversely. The element
selection has to be done within a dialog. If the option “Append” is not checked, the inactive structure is first
deleted.
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Commands to generate new nodes and elements

Overview

Menu group , Definitions“ contains the following commands to generate new nodes and elements:

Define e ements Define individual elements graphically or numerically

Define nodes Define new nodes, change node coordinates
3D-Extension/Translation Transform surface elements to solid elements, Translate or copy elements

Mirroring Mirror element structure on plane

Intersection Calculate nodes on intersection of 2 regular surfaces
Beam element Define additional nodes for beam elements

Net refinement Local net refinement by dividing individual elements
Type2Type Change element type

Coordinate system Define local coordinate system

Subdivision Create Finite Elements out of macro elements

DLL Function Calling own functions from DLL

with Define elements and Define nodes individua elements respectively nodes are generated.
3DExtension/Translation allows generating solid elements out of surface elements or to generate several
layers of elements by translating one element layer or to move element groups to another position. Mirroring
generates new elements by mirroring elements on a plain. Intersection alows generating nodes on the
intersection curve of two regular surfaces. Beam element associates additional nodes to beam elements for
eccentric connections and the main axis of inertia. Net refinement allows getting a local refinement of a
plane FE net by subdividing individual elements. Type2type alows transforming one type of elementsin to
another type. Some commands process node coordinates in reference to local coordinate systems. Command
Coordinate system defines these systems.

Command Subdivision contains functions to generate a FE net out of macro elements by subdividing the
macro elements. These functions are described in chapter “ Subdivision of macro elementsinto finite elements”.

Command description

Define element: Define individual elements graphically or numerically

This command lets you define individual macro or finite elements where associated nodes are already defined.
When deleting elements an option must be set to keep the individual nodes. The dialog remains active until it's
explicitly closed by ,,Cancel”.

Following dialog shows the avail able options:
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Define new elements |

— Dz — Selectable nodes
&l
Mest element |0 | IEE 51 | 57 | 53 I
Mext group 1D | IE Mew node selection -» |

Mext mech type 1D | |1 20 Modes

Elemert type |4|:||:| - I Select nodes Mew |

Mode D
’7|12-24154-E1 13185917131 5215-111 2527 26-28 2

Apply | [k | Delete Eleml Eanu:ell Help |

IDs

Show_existing element. Clicking the button, an existing element can be selected graphically; whose
parameters and node | Ds are then shown within the dialog. This element can be modified and replaced by
pressing ,Apply“. For example it's possible to add relevant nodes for a regular subdivision of a macro
elements of type 105; or with type 400 elements to mark intermediate nodes on circular edges with a —
sign, because thisis not done automatically when reading type 400 elements from AutoCAD.

Next element ID: Thisinput field specifies the element ID to be used for a new element. After each saving
of an element, the currently largest element ID isincremented by 1. This ID will also be set if the button is
pressed. In case the ID of an aready existing element is given in the input field it will be asked for
overwriting.

Next group ID: Thisinput field gives the group ID for new elements. If the button is pressed the currently
largest existing group ID incremented by one will be set.

Next mechanical Type ID: Thisinput field gives the mechanical type ID for new elements. If the button is
pressed the currently largest existing mechanical type ID incremented by one will be set.

Element type

Element type for new elements must be given. Only these types shown within the list box can be
graphically defined.

Node IDs

Internal node IDs (indices of nodes) for the new element must be given according to the order shown in
Table 2.1. For element type x5 the last node of a curved edge must be given a negative sign, while with
type 105 corner nodes must be given a negative sign (see chapter “Element types")

New

If this button is pressed, default values for the following available element ID will be set.

Select nodes

After clicking this button the nodes of the new elements are to be selected graphically. The IDs of selected
nodes are shown within the dialog after finishing one element. The number of nodes to be selected
depends on the element type. In case of a variable number (for example type 45, type 105 and type 400
elements) the selection is ended by pressing the right mouse button. Pressing the left mouse button does
the node selection. In case the “-* key is pressed first, the selected node gets a minus sign (last node for
spline curves or intermediate nodes on edges for type 105 and type 400 elements). Selected nodes are
marked by a colored symbol; by pressing ,,d“ key, latest selected node is made undone. In case thereis a
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straight edge at elements of type x5, the node at this edge must be given as,, 0", thisis done with key ‘0’
when doing graphical selections. You can define new elements continuously until you press the right
mouse button. Each new element is shown graphically and can immediately deleted by pressing button

»undo“.

Apply

This button saves a newly numerically defined element and immediately it will be colored displayed
within the graphic window so its definition can be checked and it may be immediately deleted pressing
button “Undo”. In case an already defined element should become overwritten it must explicitly be

confirmed.

Undo

Pressing this button causes latest defined element to be del eted.

Delete elements

Clicking this button, the dialog for deleting elements pops up.

Define nodes: Define new nodes

With this command additional nodes used for later element definitions by command Define Elements, can
be created. Node coordinates must be given within the following dialog. The dialog remains active until it's
explicitly closed by pressing ,, Cancel”.

Coordinate system

Define new nodez f Change node coordinates |

—Mew nodes

Coardinate system ID vI

Individual node x vz = | |1 522231337

Divide straight ling m = | IEI

Straight ine: select 2 nodes and intermidiate nodes |

Circle: zelect 3 nodes and intermidiate nodez |

Flare: zelect nodes on edges and intermidiate r'u:n:lesl

Group 1D af hew node elements I23

— Define new coordinates to existing nodes—————————————

Mode |0 IEI Graphically |

Coordinates

Apply |

[l | Delete Elem | Cancel Help
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In case a local coordinate system is selected, all given coordinates are related to this system, applicable
with options "Individual node" and “Divide straight line”.

Individual node

Coordinates in the selected coordinate system of an individual node have to be given in the input field.

Subdivide straight line

Pressing this button one or more straight lines are equally divided. The number of intermediate nodes on

the line must be given in the input field. After pressing the button, 2 nodes as endpoints must be selected
for each line. In case a local coordinate system is selected, the endpoints are transformed into the local
coordinate system before the subdivision is done, so the new nodes are generated in this coordinate
system. This way it is easy to get intermediate nodes on a cylindrical or a toroidal surface, but it is
important, that the angle of the endpointslie in the range 0° to 360°. Otherwise the new nodes might lie on
the wrong half to the circle.

Straight line

Circle

Plane

Pressing this button, 2 nodes as end points of a line must first be graphically selected. A straight line is
drawn colored. After that the positions of new nodes on this line have to be set by cursor (left mouse
button). The right mouse button ends the creation of new nodes on the line, and a new line can be selected
until the right mouse button is pressed twice.

Pressing this button, 3 nodes on a circle have to be selected first. The circle will be drawn colored. After
that the positions of new nodes on the circle have to be set by cursor. The right mouse button ends the
creation of new nodes.

Pressing this button, several existing nodes on the edges of a plane area must first be selected graphically.
These edges are plotted as an orientation. The first, second and last node of the edges are used to define
the plane, the angle between these node should be near 90°. The selection of nodes is interrupted with the
right mouse button. After the edges are drown, the position of several new nodes on the plane can be
specified with cursor until the right mouse button in pressed. For the graphic, parallel projection must be
selected; otherwise the calculated position of the new nodes might differ from the cursor position. If the
view is varied while new nodes are defined, the determining points of the plane must remain in the
graphics window.

Group ID of new node elements

Nodes created by this command will be assigned a node element. Within this input field the group ID for
these elements can be given.

Define new coordinates to existing nodes

Undo

Node ID: The ID of an existing node must be given. Pressing button “ Graphically” a node can be selected
graphically by cursor, the ID and coordinates of the selected nodes are shown in the dialog.

Coordinates: The new coordinates of the node must be givenin the input field.

Apply: Pressing this button the new coordinates are stored in the data structure.

Pressing this button, last created new nodes are deleted.

Delete elements

36

Clicking this button, the dialog for deleting elements pops up.
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3D-Extension/Translation: Convert surface elements to solid elements, translate or copy
elements

This command allows creating several layers of solid elements out of surface elements or to translate or copy
elements.

Option ,3D-Extention” is to be used to generate solid elements out of surface elements. New nodes are
generated in direction of the given vector. For that, the distance of the first layer of new nodes from the
originating nodes has to be given with the thickness of one or more layers of solid elements.

If option , Translation“ is used, it is distinguished between the tranglation of elements and the trandation of
nodes. In the first case (option “Trandate elements’ checked) you can generate several layers of elements. New
nodes are generated in the same way as with ,3D Extension“, the distances of the first and following layers
must be given. In the second case (option “Trandate only nodes’ checked) selected nodes are trandated in
direction of the given vector, without generating new nodes and elements. The amount of trandation must be
givenintheinput field “First layer resp. translation”.

Following dialog shows the available options:

3D-E xtension /£ Translation I
— 30-Extenzion £ Tranglation—————  — Element zelection
 30-Extersion ™ Translation ' Transzlate elements

Firzt layer resp. tranzlation IEI

Thickness / more distances  Factor

Frouo IDI I

"51 | s2| 3|

| |1 205

¥ Keep onginal elements cekth i, I
TR eh R e e MHew zelection -» | Flat |

" Mode normals a2 Elements

O sawis O Yeawis U F-aus
~Mode zelection———

€ Wectar | iEI _ll ™ Translate only nodes
= gs1s0s2 o w101 7] ]

-~ Group |D Select araptieay |
' From original element [ewnselehan Flat I
= |ncrem ID e !23 0 Hadie

[k | [Hrde | Cancel | Help |

3D-Extension/Translation
3D-Extension: Function for generation of solid elements will be selected.
Translation: Function for translation of elements or nodes will be selected.

First layer respectively translation: In the input field the distance of the first layer of new nodes from the
originating nodes respectively the amount of translation in case of node translations must be given.

Thickness respectively more distances: For the generation of solid elements, the thickness of one or more
element layers must be given. For the trandation of elements the distances of the second and following
layers must be given.
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Factor: If elements are moved from one coordinate system to another (option CS1->CS2) scaling factors
for the different coordinate directions may be given in thisinput field.

Keep original elements: With this option set the original elements are kept, otherwise they will be
replaced by the newly generated elements.

Direction vector

Node normals: The direction of 3D extension respectively tranglation is determined by the mean value of
all surface normals having this node as a vertex. Prior should be tested whether all elements are oriented
the same way. This option is only implemented for elements of type 30 or 40.

X-axis: 3D extension respectively translation in direction of x-axis.
Y-axis: 3D extension respectively trandation in direction of y-axis.
Z-axis: 3D extension respectively translation in direction of z-axis.

Vector: The components of a vector giving the direction for 3D extension respectively translation can be
given in the input field. In case alocal coordinate system is selected, the coordinates are first transferred
to this coordinate system and the trandation of nodes is done in this coordinate system (for example
normal vector (1, 0, 0) within atorroidal coordinate system).

CS1 -> CS2: This option allows to move element groups or to duplicate elements to another position. The
selected nodes are first transferred to the left selected coordinate system and multiplied with given scaling
factors, and then these coordinate values are used as coordinate values in the right selected coordinate
system and transferred back to the global coordinate system. The globa coordinate system must
eventually be given using ID 0.

Element selection

Option , Trandate elements* is to use, if one or more layers of new elements are to be generated by 3D-
Extension or by trandation of elements. Selected elements are used as originating elements.

Node selection

Option , Trandate only nodes' is to use if nodes are to be transated without generating new elements.
Selected nodes are trandated in direction of the given vector.

Group ID

Undo

In case the original elements are kept it may be useful to assign new group IDs to the newly created
elements. Following options are available:

From original element. Group 1D of the originating element is kept

Increment: Group ID of the originating el ement will be incremented by this value

New: Elementswill be assigned this given group 1D

Clicking this button, the last newly generated elements are removed.

Mirroring: Mirror structure on a plane

This command mirrors parts of a structure on a symmetry plane.

Following dialog shows the avail able options:
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Element mirroring on a plane I

— Plane ~ Element selection——— -

£y I Gru:uupIDl I
&+ y= |-3.5
s2 | s3
2= !
" 3 Nodes Graphicall_l,ll Select graphicaly |

Mew zelechon -+ | Flat |

~Group Ds————— g2 Elemerts

™ From source element

= |ncrement I'IEID Apply | Urde |
" Mew I Cancel | Help |

Plane

x =: The mirror plane is parallel to the (y, z) coordinate plane of the global coordinate system. X-
coordinate of the planeis to be given within input field.

y =: The plane is parallel to the (x, z) coordinate plane of the global coordinate system. Y -coordinate of
the planeis to be given within input field.

z = The plane is parallel to the (x, y) coordinate plane of the global coordinate system. Z-coordinate of
the planeis to be given within input field.

3 Nodes: With this option checked, 3 nodes defining the symmetry plane have to be given or graphically
selected after pressing button ,, Graphically”.

Group IDs
Form source element: New elements get same ID as originating elements

Increment. New elements get | Ds based on originating elements incremented by this value

New: New elements get the given group 1D

Element selection

Select elements to be mirrored. Elements of type 105 or 400 cannot be mirrored.

Undo
Clicking this button, the latest generated nodes and elements are deleted.

Intersection: Calculate nodes on the intersection curve of two regular surfaces

This command calculates nodes on an intersection curve of two regular surfaces. The following types of
surfaces are supported: Plane, circular cylinder, sphere, cone and torus.

The command is used to produce individual nodes to define macro elements, or to move nodes created by the
subdivision of macro elements, onto aregular surface to get a smoother structure. The definition is done by first
creating additional nodes on one surface then move these nodes along a given direction onto the other surface.
For example moving nodes on the surface of a circular cylinder along the direction of the cylinder axis onto a
torus, will calculate nodes on the intersection curve of this circular cylinder with the torroidal surface. Y ou can
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choose to create additional nodes or to move existing ones. Creating additional nodes will assign node elements
(element type 1) to these nodes because only nodes of existing elements can be saved.

After specifying the parameters within the corresponding dialog the nodes to be moved onto the regular surface
have to be selected. Button "Apply" causes the calculation to be done. Multiple selections can be specified.
Pressing "Cancel" closes the dialog.

In case no intersection can be found, for example because the defining nodes of a plane surface are placed on a
straight line or because there are no intersections within the given direction, an error message is produced.
Otherwise the number of calculated intersections is shown.

Following dialog shows the avail able options:

Intersection nodes on regular surfaces !
~ Mode selection —————— — i~ Surface
Mew selection - | £~ Plane [ 3 points |
Celect graphically | " Cylindsr 2 points + R ]

I " Cylinder [ 3 points + A
0 Modes Plat ylinder [ 3 pointz + R |
" Share [ 1 point + R

~ Direction vector——————— " Cone [ 2 points + R1 +R2 ]

* Mormal = Tomsz [ 3 points + B1 + B2

" 2 MNodes  Graphically

—l Points: 3 coordinates ar paoint [0
P1: |2EI4 Graphicall
SEI"\."E r'ICIdES ..................................... PE Im— Graphicall

% Az mew nodes

P3: I'IEE "
Group (D |23 Graphlcall
= Owvenarite nodes =EF I'IEI— Ao IZ'I—

Apply I nde | Cancel | Help |

Surface

40

Plane: 3 nodes defining the plane must be provided

Circular cylinder: 2 nodes defining the axis respectively 3 nodes defining a plane perpendicular to the
cylinder axis and the radius of the cylinder must be provided.

Sphere: Center and radius must be provided

Cone: 2 nodes on the cone axis and the radii of the cone at these 2 nodes must be provided
Torus: 3 nodes within the plane of the torus and the 2 radii must be provided

Points P1-P3: Coordinates (x,y,z) of the related points or an existing node ID must be provided

By pressing ,Graphical” the corresponding node is to be selected within OpenGL window. The IDs of
these selected nodes are entered within input fields.

RI,R2: If needed by the chosen surface, the radii must be provided
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Direction vector

3 vector components of the desired direction of intersection or the external IDs of 2 existing nodes must
be provided. In case of 2 IDs, the direction vector is build from the coordinate difference between these
nodes. The direction can be arbitrarily, except with toroidal surfaces where the direction must be parallel
or perpendicular to the toroidal plane. Clicking , Graphically* causes the graphical selection of 2 nodes,
defining the direction for intersection. In case option ,,Normal“ is marked, the normal vector of the surface
isused as a direction vector, no additional input is necessary.

Save nodes

As new nodes: The calculated intersection nodes are saved as new nodes together with an associated node

element. Within the input field "Group ID" these elements can be assigned a group ID.

Overwrite nodes: The coordinates calculated by the intersection replace the coordinates of the original
nodes, i.e. the original nodes are moved onto the regular surface.

Node selection

Within the corresponding dialog nodes can be selected at multiple times. Nodes can also be selected

graphically.

Undo

Pressing this button will delete the latest created nodes.

Beam element: Define additional nodes for beam elements

With this command elements of type 20 can be assigned up to 3 additional nodes. The first additional node
(third element node) identifies the direction of the first main axis of the beam element. The forth nodeis used as
an eccentrically connection of the left end node and the fifth node is used for an eccentrically connection of the

right end node.

Following dialog shows the available options:

Additional nodes for beam elements |

— 3. Mode [main axiz]

Graphically | i Oyt

— 4. Mode [eccentricity eft]

Graphically | Ot
" Node D ID

— Element zelection

s1|  s2| s3]

Select graphically |

M ew zelection -» | Plat |

1] Elements

— A, Mode [eccentricity right]

Graphically | 0 Ouk

 wz I

" Node D IEI

[T Supenimpoze — Modes1 - 3

Cancel | Help

Plat |

3. Node/ 4. Node / 5. Node
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Graphically: After pressing this button, the node has to be selected by cursor. Node ID of the selected
node is shown within the related input field.

Xyz: Within the input field coordinates for a new node to be generated can be given.
Node ID: The ID of an aready defined node can be entered.
Qut: If this option is selected, the corresponding node in the element definition is not changed.

Element selection

All these elements for which additional nodes should be defined have to be selected. Only elements of
type 20 are considered.

Apply
This button assigns actual shown settings for selected elements

Plot

This button causes a plot of all additional nodes for actually selected elements of type 20. The main axis
of beam elements is shown by a vector within center of element gravity in direction of node 3. If option
“Nodes 1->3” is set, a colored line is plotted from nodes 1 to 3. The fourth element node will be
connected to the left end and the fifth element node will be connected to the right element end by a
colored line.

Net refinement: Local net refinement by dividing individual elements, respectively
smoothing of a plane FE net.

This command is only applicable on plane FE nets consisting of only triangular and quadrilateral elements.

Refinement: Pressing this button, triangular elements are subdivided into 3 and quadrilateral elements are
subdivided into 4 elements. One additional node is created in the inner of the elements and on the element
edges of selected elements. In reference to the element edges that belong to the border of the selected areg, it is
distinguished between edges that belong to the border of the entire structure and element edges that do not
belong to this border. It has to be specified, which of these two kinds of border edges should be subdivided.

Hint: The number of elements belonging to an element row next the inner border of the selected area should be
even, so that only quadrilateral elements can be generated (see following figure).
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FE-Struktur: 147 Elemente

L

Smoothing: Clicking this button, the selected area of the net is smoothed by using following algorithm:
Successively, for each node in the inner of the selected area, the directly connected edges are determined and
the coordinates of the node are corrected to the mean value of all nodes of these connected edges. The
algorithm is used several times for each node. For smoothing a smallest corner angle and aration for smallest to
largest edge length of elements must be given. Correction of node coordinates is not done if the angle of
element corners gets smaller than the given angle or greater than 180 - given angle, or if edge length gets to
small.

Following dialog shows the avail able options:

Local net refinement / smoothing |

— Element selecton———— 1~ Divizion of boundary edges——

- | & Noi
| Group D I— Mo inner edges

" Mo outer edges
51 | 52 | 53 | " &l boundary edges

: i~ Mo boundany edges
Select graphically |

— Smoathing
M lection -» I
e selection | Plot | Min comer angle a0
147 Elements kin/max edge length ID-2
Refinemernt | Smoothing | [l | Cancel | Help |

Division of boundary edges

No inner edges: Element edges belonging to the border of the selected area but not to the border of the entire
structure are not subdivided.

No outer edges: Element edges belonging to the border of the entire structure are not subdivided.
All boundary edges: All element edges belonging to the border of the selected area are subdivided.

No boundary edges: No element edges belonging to the border of the selected area are subdivided.

Smoothing
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Min corner angle: An angle must be given in the input field, in case of smoothing the net, all angles in the
corners of the elements are checked against this angle, and correction of the coordinates of some nodes is not
doneif an anglein the element corners gets less than the given value.

Min/max edge length: The ratio of smallest to largest edge length of elements must be given in the input field. In
case of smoothing the net, all edge length of the elements are checked against this value, and correction of the
coordinates of some nodesis not done if the ratio of edge length gets less than this value.

Element selection

Select the elements that belong to the area that isto be refined or that shall be smoothed.

Undo
Clicking this button will undo the refinement respectively smoothing

Type2Type: Change element type

Geometrical type for selected elements can be changed by automatically adding additional nodes on edges or
on the interior of these elements by interpolation, or by deleting element nodes. By this way also quadrilateral
elements with large distortions or large vertex angles can be automatically converted to two triangle elements
(see command Check elements).

A type conversion may also be necessary after the creation of finite elements by subdivision of macro elements
because the subdivision is only able to create one additional node on an edge.

Also type conversion may be necessary if elements with interior nodes are displayed within AutoCAD and later
reread into MAKROS. In this case these interior nodes are |lost.

Following dialog shows the available options:

Change element type |
Element typpe———— 1~ Element selection
Ol type a0 - Eraphlcallﬂ
51| s2| s3
Hewtype [42 =
Group |D| I
Plot selectinnl Apply | MNew selection - |
Cancel | Help | g2 Elements

Element type

Old type: Thelist box shows all currently existing element types in the structure. The type to be converted
must be selected.

New type: Thelist box shows all possible new geometric types, to which the selected old element type can
be converted. A new element type has to be selected.

Element selection

Only elements that have the given old geometric type and that are contained in the given element selection
are converted. Button ,, Plot selection” plots the element selection.
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Coordinate System: Define local coordinate system

Different coordinate systems can be defined to be used later by commands like Sort, Smooth, 3D-
Extension/Translation, Boundary conditions, Nodal loads . These coordinate systems are saved
together with the nodes of the macro and the FE model. In case a new structure is loaded from hard disk they
currently defined coordinate systems are maintained if they are not overwritten by loaded systems with identical
IDs. No longer needed coordinate systems have to be deleted explicitly. The dialog shows the number of
defined coordinate system.

The orientation of coordinate systems is defined by three nodes, which can be specified either by anode ID or
by global coordinates (x,y,2).

Node P1 defines the origin, P2 defines the positive direction of the local x-axis and P3 defines a node
somewhere within xy-plane (except for ,cylindrical2* systems). The local z-axis is aways set up to build a
right-handed cartesian coordinate system. Toroidal coordinate system uses P2 asthe origin, i.e. the distance P1-
P2 defines the torus radius.

Following figure shows available coordinate systems and the definition of these systems.
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Cartesian coordinates (Xx,VY, 2) Spherical coordinates (r, phi, psi)

Cylindrical coordinates (r,phi,z) Conical coordinates (r, phi,2z)

z

% Toroi dal coordi nates (r, phi, psi)
Y

1C0MF 1.275

Following dialog shows the avail able options:
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Define local coordinate system |

— Type of system — Modesz [ID or #yz]

Meww |0 | F1: J0.0.0 Grahicall_ul
|2 po- |-| 0.0.10 Grahicall_l,ll

' Cartesian _
Pa: II:I,1 010 Grahlcall_l,ll

= Cylindrical

" Cylindrical 2 — Boundany coordinate system

" Spherical Made selection ->| Select grahin:all_l,ll
" Toroidal

1] MNodes

-
Boundary curve Incrament ID
Rtate IU Z direction I

Clz Cie Cly || onoth [07000 | Mumber 0

Apply I Delete | Pliot | Cancel | Help

Type of system

ID: Give the ID of the coordinate system to be created or range of IDs for coordinate systems to be
deleted, plotted or rotated. Button “New ID” gets the next not used ID.

Cartesian: Cartesian system with coordinates x,y,z

Cylindrical: Cylindrical system with coordinatesr,$,z. Z-axisis perpendicular to plane P1-P2-P3
Cylindrical:2 Cylindrical system with coordinatesr,$,z. Direction P1-P2 builds z-axis, P1-P3 build x-axis
Spherical: Spherical system with coordinatesr,d,¢. P1 = center node.

Toroidal: Toroidal system with coordinatesr,d,q.

Boundary curve: This Option makes it possible to define multiple cartesian coordinate systems tangential
to a given curve, for example for the definition of perpendicular or tangential loads or boundary
conditions. The nodes of the curve must be selected within “Node selection“ dialog or graphically. For
each node of the boundary curve the tangent vector is calculated. The x-axis of the coordinate system is
oriented towards this vector and perpendicular to the given z-direction. The generated coordinate systems
are numbered with the IDs of the related nodes plus the given increment. There are a maximum number of
500 coordinate systems that can be stored.

Rotate: This option makes it possible to alter the orientation of already defined local coordinate systems.
The axis about which should be rotated must be selected and the angle of rotation must be given. The IDs
of one or more defined coordinate systems can be given.

Nodes (ID or xyz):
Define points P1-P3 with node ID or global coordinates.

P1: The origin of the coordinate system.
P2: Node on x-axis.
P3: Node within xy-plane.
Graphically: The node is to be selected within the OpenGL window. The coordinates of these nodes will
be updated within the corresponding input fields.
Boundary coordinate systems

When option “Boundary curve” is selected, the following additional parameters must be given:
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Node selection: Node selection dialog pops up to define nodes for the boundary curve. The boundary
curve is defined by al element nodes, which are contained within this selection.

Select graphically: Nodes of boundary curve will be selected graphically.

Increment: The increment for numbering the generated coordinate systems must be given (0 is allowed).
Z-direction: The direction of the z-axis of the local coordinate system must be given. This direction must
not be within the plane of the boundary curve.

Delete
One or more coordinate systems are removed. The ID of the coordinate system or a range of IDs for
several coordinate systems to be deleted must be given.

Plot

This button plots the coordinate systems who's IDs are given. Also the length of the axis must be given.
ID O plots all coordinate systems. Newly defined systems are automatically plotted.

Subdivision: Create FE model out of macro model

This command contains functions to generate a FE net out of macro elements by subdividing the macro elements.
These functions are described in chapter “ Subdivision of macro elements into finite elements’.
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DLL function: Calling own functions from DLL

This command allows calling own functions for the generation of new elements. The functions must be provided
in one or more DLL files.

Following dialog shows the available options:

Load DLL ]|

—DLL file

Load new DLL |
Unload DLL | | dienf i i

— lrvoke funchion

Call funktion | Ifur‘u:tE j
Cancel |

DLL file

Load new DLL: Clicking this button, a file selection box pops up, where the file of the DLL to be loaded
must be selected.

Delete DLL: All loaded DLLs are show in the list box. After selectinga DLL it can be deleted by clicking
the button.
DLL function

Call function: A function name must be given in the input field. Clicking the button, this function will be
cdled. If the function is called the first time, the name of the DLL where the file is contained in must also
be selected in thelist of DLL names.

Thelist shows all the functions that have previously called; these functions can be called several times.

When the command is invoked the first time, it is checked, whether there exists a file ,maka_interface.ini“ in
the “bin” folder of MAKROS that contains some lines of following type:

#dll kf function path

»Kf* isthe type ID of the function, ,function* is the function name of an exported function in the DLL and path
isthe path of the DLL, the function is contained in.

For example:

#dll 0 functl G:\boege\makrosaltestdl\dll 1\debug\dil1.dll

#dll 0 funct2 G:\boege\makrosaitestd!\dlimfc\debug\dlimfc.dll
#dll 1 Interface G:\boege\makrosaltestdl \interf\debug\interface.dll

If lines of this type are found, the DLLs are automatically loaded and the entry points of the functions are
searched and stored. The DLL and function names are shown in the list boxes of the dialog window.

Prototype of functions
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All functions must have the following prototype:
typedef struct

{
int ne; // number of elements
int nnl; /I array length of one element
int npv; /I number of nodes
int **nel; /I lements: nel[nev+1][nnl]
float (*pkt)[3]; // node coordinates

} festruct;

extern“C”

void function (CWnd *pWnd, festruct *in, festruct *out, int kfree, int kzf, void *p);

pWnd is apointer to the protocol window of MAKROS. If the function uses dialogs, pwnd should be used as
the parent window.

in is a pointer to a structure that contains the elements and the nodes of the active element structure. For each
element following datais given: external element ID, type ID of the element, mechanical type ID, group ID and
indices of the element nodes. Elements and nodes are stored beginning with index 1.

out is a pointer to a structure, that can be used to give new elements and nodes back to MAKROS. New
elements are added to existing elements.

kfree is a parameter. The function is invoked twice, the first time kfree has the value 0, in this case new
elements can be returned to MAKROS. After these elements have been added to the structure, the function is
called again with kfree = 1, in this case only the allocated memory for the new elements should be freed.

kzf isthe ID of the function type and must be 0 with this type.

p isapointer to a structure and is not used with this type of functions.

Subdivision of macro elements into finite elements

Overview

The commands to subdivide a macro structure into finite elements are grouped together under a common dial og
with property sheets. The dialog is made active by the command , Subdivision“ and remains active until it is
closed by pressing ,,Cancel“. Pressing ,,Plot* causes the current subdivision data to be plotted.

The following commands are available:

Division Equidistant subdivision of edges

Pattern Specify subdivision data for single elements

Edges Specify subdivision for single element edges
Continuation Continue with existing edge subdivisions

Reference point Define reference points for subdivision of macro elements
Check Check consistency for existing subdivisions

Delete Delete currently defined subdivision data

File Save/load subdivision data to/from file
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Subdivision Execute subdivision

The subdivision of macro elements into finite elements is done by applying various patterns. It is distinguished
between regular subdivisions where opposite edges are subdivided identical and irregular subdivisions. The
patterns are distinguished by a unique pattern ID.

The regular subdivision is selected by ID 20, 40, 40 for macro elements of type 2x, 4x, 8x and by 1D 134, 30,
30 for types 3x and 6x (x = 0,2,5). Theregular subdivision is set by default for all elements after initialization.

The irregular subdivision allows step-by-step refinements of the element mesh. There are severa transition
patterns available. Transition patterns are selected by IDs greater 100. The most flexible pattern is the pattern
with 1D 142 respectively 150, where all edges can have any number of subdivisions.

Solid elements only have transition patterns for the bottom surface. The third direction (z-direction) only can
regularly be subdivided. The number of subdivisions for this direction is specified with the command Pattern.

For each pattern you'll have to define the number of subdivisions (number of intermediate nodes) for all edges
of the bottom surface of the macro element in counter clock wise order. With solid elements also the number of
intermediate nodes for the third direction must be given.

Marking the resulting intermediate nodes with a graphical symbol can graphically show subdivision data for
edges. A shrink plot of elements may be especially useful to check the subdivision of adjacent edges. The main
directions of macro elements will also be plotted to show the orientation of elements. This information will be
needed for the command Pattern where the subdivision for individual directions of the elements must be
specified.

For the specification of a subdivision the following commands are available:

Pattern specifies the subdivision data (pattern ID + number of intermediate nodes for element edges) for
individual elements

Edges specifies subdivision data for individual edges of the structure where it's possible to have an automatic
regular continuation for the complete structure or selected elements by assigning the same subdivision to opposite
edges.

Continuation applies existing subdivision data for individual edges to opposite edges, similar to command
Edges

Division assigns subdivision patterns in the way that the resulting edges of the generated finite elements are
al smaller than the given value. It's also possible to specify that opposite edges get the same number of
subdivisions (regular pattern).

Reference Point alows defining fixed points on edges that should be considered when the element is
subdivided.

Check does consistency checks on the existing subdivision data. Edges are checked whether adjacent
elements are equally subdivided. Optionally a given inconsistency can be automatically corrected.

Note: Consistency checks for adjacent elements require the use of identical nodes for common edges. Plotting
the boundary edges of a structure can check this. By using the command Compress nodes (see chapter
“General commands") it's possible to merge those narrow nodes into a single node.

The easiest way to specify subdivisions is by using the command Division. It's possible to specify different
granularity’s for different parts of the structure by using this command several times with different values for
different element sets. Inconsistency between the parts must then be corrected with command Check.

To get amostly regular subdivision to macro elements, following steps should be used:

Specify transition patterns for individual e ements with the command Pattern.
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Continue the subdivisions of the edges for adjacent elements
Specify aregular subdivision of all the remaining € ements with Division and option “ Continue”.
Check and correct consistency of subdivision datawith Check

Note: The subdivision of macro elements only creates finite elements with straight edges or one intermediate
node on edges. To get elements with two nodes between vertices or additional nodes inside the element, the
command Type2Type hasto be applied to change the element type and to generate additional nodes.

Note: The number of intermediate nodes on edges is limited to 60 nodes per edge. The structure may be
subdivided in several steps by transferring a new created FE structure to a macro structure (command Macro
<-> FE) and subdivide the new macro structure.

Note: If transition patterns are used some triangular elements may be created. To avoid this, first create Finite
Elements with double edge length and subdivide these elements again by using a regular pattern with one
intermediate node on edges.

Performing the subdivision of macro elements (Generating finite elements)

The subdivision is done by the command Subdivision

The calculation of additional nodes during the subdivision is done, on the basis of the assigned pattern, by a C’-
Coons interpolation of surfaces within the global coordinate system. In some cases, for example nodes on a
spherical or cylindrical surface, it may be necessary to smooth the resulting nodes with the command Smooth.
Thiswill for example be the case when describing a cylindrical section by an element with spline curves.

The numbering of the generated nodes of the finite element structure is done by the following scheme: The 3
dimensional space where the entire finite element structure is contained within is separated into small cubes. The
generated nodes will have a continuous numbering based on the cube they fall into where x-direction comes
before y-direction followed by z-direction. With the command Sort a different numbering scheme may be

applied.

Each individual macro element is subdivided into finite elements based on the previously defined subdivision
data. Afterwards nodes on common element edges or surfaces or nodes with identical coordinates (within a given
tolerance) are combined into only one node (see parameter eps for the command Subdivision).

Attention: Merging of nodes may be critical, if you don't give a value for eps, the chosen value is determined
considering the length of all elements and may be to small. In any case check whether there are nodes within a
small distance that should be merged into a single node by plotting sharp edges or by using the command
Compress nodes.

The consistency of the generated Finite Element mesh can only be guaranteed if adjacent macro elements have
identical edges with identical vertices and if subdivision data for these macro elements is also identical (edge
related). This consistency will be checked automatically before doing the subdivision. Found inconsi stencies will
be shown on the screen. If any inconsistencies are found, it will be asked for further processing. The same
mechanism can be used with the command Check where all edges with inconsistent subdivision data are
graphically shown and these inconsistencies may optionally automatically be corrected.

Note: For beam elements (type 2x) with an additional third node for defining the main section, this third node
will also be present for all the generated finite elements.

Note: The subdivision of a macro element for a specific pattern is first done for a unit element. Afterwards the
mesh is mapped to the geometry of the macro element. In case of large distortions the resulting mesh may
become unpredictable so it may be useful to modify the macro structure to less distorted elements.

Command description
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Division: Equidistant subdivision of macro element edges

This command defines a subdivision of the complete macro model, of individual elements or individual edges.
After specifying parameters within the following dialog, button , Apply* calculates the number of intermediate
nodes for the edges and saves subdivision data.

Subdivide macro structure

Delete | File | Subdivision |
Divizion I Pattern I Continuation I Edges I Check I

Equidistant zudivizion of macra element edges

— Pattemn — Edge length
) ontinue regulary [-ram: IEI.3
% Each edge on itz own [~ Odd number
— Element zelection——— [~ Edge zelection
Al | Group ID| I " Femaining edges
i~ Al edges
5 | 52 | 53 | % Selected edges only
Select araphically | Graphically
Mew selection - | Plot | Node selection ->
36 Elements 43 M.
Apply | Flot | Cancel Help

Pattern

Continue regularly: Selected elements are regularly subdivided, that is opposite edges of an element will
have identical numbers of segments (pattern 40 for 4-node elements). Starting from an edge with still
undefined subdivision data, al edges are searched that will be affected by a continuation of this
subdivision. From this set of edges the edge with the largest length will be evaluated and for this edge the
number of segments is calculated and applied to all edges within this set. Regular continuation is only
possible for 3 and 4 node elements. This option is not supported for elements of type 105 and 400.

Each edge on its own: The number of segments is calculated for each selected edge individually based on
the edge length and the given element length “I-max”. The pattern 150 is applied. To quadrilateral
elements with corner angles nearly 90 degree or triangular elements with corner angles with nearly 60
degree, pattern 142 is applied.

Edge length

L-max: The max. length for the edges of the finite elements must be provided. The number of segments
for the edges of macro elements will be calculated based on this value. If there are reference points
defined for an edge, the subdivision is done for the parts of the edge.

Odd number: This ensures that only an even number of segments will be generated by possibly increasing
the number of segments by 1 (thisisn’t applied in case of regular continuation). This will result mostly to
get only 4-node finite elements und is especialy important for type 105 and 400 elements, where
subdivision is eventually first done with the double edge length and then all elements are subdivided into 4
respectively 3 quadrilateral elements.
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Element selection

Select elements that shall be considered.

Edge selection
Remaining edges: All edges of selected elements with currently no specified subdivision data are selected.
All edges: All edges of selected elements are used. Old subdivision data will be overwritten.

Selected edges only: With this option a node selection must be given graphically or with the dialog for
node selection. All edges which have both vertices contained within this set of nodes will be selected and
subdivision data will be assigned only to these edges. Element selection will be ignored with this option.
Not applicable with type 105 and type 400 elements.

Hint: With solid elements, only subdivision data for the surface of the solid is defined. Subdivision for the
third direction must be specified afterwards using command , Pattern”

Pattern: Specify subdivision datafor individual macro elements

This command is used to assign special transition patterns to individual elements or to specify subdivision data
for the direction perpendicular to the bottom surface of solid elements.

Button ,, Apply* assigns current settings to selected elements.

Following dialog shows the available options:

Subdivide macro structure

Delete l File Reference Points I Subdivizion I
Disvizion Fattern Continuatian I Edges | Check |

Drefine divizion pattern for macro elements
—Parameters——— [ Element selection—————

Show individual element I ﬂ‘ Group ID I.._

& Pattern and # of nodes

PattemiD  |150 =] st| s2| 3

MHumber of intermediate nodes i Select graphically

13 3asda 40 Mew selection -» |
Length ratio I
Plat zelection |

i~ Change pattem 1D 2 Elements

Oid |0 Mew |0

" 3 Direction of zolid element! Apply | Flat i
I II:I q II:I Caticel | Help I

Show individual element

Clicking this button, one individual element can be selected graphically. The assigned subdivision
parameters of the selected element are immediately shown in the dialog and may be changed and newly
assigned by pressing “Apply”.
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Pattern and number of nodes
This option has to be selected if a pattern and subdivision data for individual elements should be assigned.

Pattern ID: The pattern ID must be given. Available patterns are shown in the following chapter and can
be selected out of alist box (not all available pattern IDs are shown in the list box). If you don't specify an
ID, currently defined IDs for the elements remain.

Number of intermediate nodes: Give the number of intermediate nodes for the edges of the bottom surface
of the element in counter clockwise order. With elements of type 150 or 400 the ratio of largest to smallest
FE edge length should not be greater than 4.

Length ratio: For some pattern it’s possible to specify the ratio between the last and first segment length
for directions 1 and 2.
Change pattern ID

Using this option the assigned pattern ID may be changed for the selected elements without changing the
number of intermediate nodes for the edges of the elements. The old ID and the new ID must be given.
For example the ID 142 may be changed to ID 150.

3. Direction of solid elements

This option has to be used if the subdivision data for the 3. direction of solid elements should be assigned.
For parameter m the number of intermediate nodes must be given, optionally also the ratio between the
last and first segment length ( parameter q ) can be given.

Element selection

Select elements the pattern should be assigned to.

Continuation: Continue with regular subdivision

This command will apply existing subdivision data to opposite edges and adjacent elements, which have no
specified subdivision data. This will continue until an edge is found with already defined data or until a
boundary edge is detected. The continuation will happen only for selected elements. In case an edge with
inconsistent subdivision data is detected, the data won't be corrected automatically. This can be done with the
command Check. Regular continuation across elements of type 105 or 400 isn't possible.

Edge: Assign number of intermediate nodes to individual edges

This command specifies the subdivision for individual edges.

Following dialog shows the available options:
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Subdivide macro structure

Delete i File I Reference Points i Subdivizion I
Drisizion I Patterm i Continuation Edges i Check. |

Subdiraide individual edges

— Element zelection [zelectable nodes resp. continuation]——

a | Grewpin | Graphically |
Element zelection -» i Plat zelection |

a2 Elements

- Edage zelection [zelect endnodes]

Graphically | Mode zelection -3 i

24 Modes Plat hode selection i

Mumber of intermediate nodes |11

[ Supersciibe [T Continue regularly

Apply | Flat | Cancel | Help

Element selection

Only nodes contained in the given element selection are graphically selectable. Eventually continuation
uses this element selection.

Edge selection
All end nodes of the edges have to be selected that shall be assigned the given number of intermediate
nodes. For solid elements only nodes of the bottom surface are selectable.

Number of intermediate nodes

Specify the desired number of intermediate nodes for selected edges.

Overwrite
If this option is not marked, edges that have already a number of intermediate nodes assigned to are not
changed.

Continue regularly
With this option set a regular continuation for all adjacent edges of elements will be performed as with
command Continuation.

command Continuation.

Reference Point: Define reference points for division of macro elements

This command allows defining reference points on edges of macro elements that shall become finite element
nodes when the macro element is subdivided. The reference points are assigned to edges of macro elements; the
corner nodes of these edges must graphically be selected. For each edge with reference points, the number of
those points, their relative position and the number of intermediate nodes that should be generated between
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these points is stored. A maximum of four reference points may be given for one edge. The number of
intermediate nodes between the reference points may also be defined using the command Division where each
part of edges with reference pointsis divided individually.

The definition of reference points is saved within the file project.mut.
In most cases following steps may be useful (see demo “referencepoint.dem™).

1) Define the position of reference points, without defining the number of intermediate nodes.
2) Divide all edges using the command Division.

3) Do agraphical test of the subdivision of some elements using command Subdivision and the option
“Test individual elements’.

4) If there are triangular finite elements are generated for some macro elements, correct the number of
intermediate nodes for some parts of edges with reference points by using the option “Show # of
intermediate nodes / Redefine”.

Following dialog shows the available options:

Subdivide macro structure

Driwvizion I Pattern I Continuatian | Edoes I Check. I
Delete |  File Reference Points | Subdivision |

— Define reference points for division of macro elements
- = Select reference pointz graphically
Define |
& Relative position IEI.42 ne3
% Mumber of intermediate nodes |66 2

" Edge length of finite elements I

Show # of intermediate nodes | Redefine |
Delete edge | Select end nodes of edges
Delete all edgez | Plat reference pointz | Eraze laper |

Mumber of defined edges with reference points: 7

Flat | Cancel | Help |

Define reference points for division of macro elements

Select reference points graphically: If this option is marked, after selecting the end nodes of an element
edge the reference nodes on that edge have to be selected graphically. Selection of reference nodes is
finished with the right mouse button, then the next edge may be selected or finish selection with right
mouse button. The reference points to be selected must lie within a small tolerance on the edge.

Relative position: Using this option, the relative position (0 < s < 1) for up to 4 reference points must be
given in the corresponding input field.

Number of intermediate nodes: Using this option, for each part of the edge the number of intermediate
nodes that should be generated when the edge is subdivided must be given in the input field. Missing
values are set to 0. The number of intermediate nodes may be omitted when it is later determined by using

command Division.
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Edge length of finite elements: Using this option, the maximal length of finite element edges must be
givenin theinput field. The parts of the edge are then subdivided as with command Division.

Define: After clicking this button, edges with reference points have to be selected graphically by selecting
the end nodes of the edge. Selection is ended with the right mouse button, eventually also the reference
nodes on the edges must also be selected graphically if option “select reference points graphicaly” is
marked. If there are already reference points defined for an edge, these are replaced by the new definition.

Show number of intermediate nodes / Redefine: Clicking the first button, an edge must be selected
graphically by selecting the end nodes, then the relative position of reference points on this edge and the
number of intermediate nodes for the parts of the edge is shown in the corresponding input fields. After
that, the number of intermediate nodes may be altered in the input field and be saved for the latest selected
edge by clicking the button “Redefine”.

Delete edge

After clicking this button, the end nodes of the edges must be graphically selected that reference points
should be deleted. Selection is ended with the right mouse button.

Delete all edges

Clicking this button, all defined reference points are del eted.

Plot reference points

Clicking this button, all edges that have reference points are plotted together with the reference points and
the intermediate nodes on the parts of the edge.

Erase layer

Plot

Clicking this button, the layers on which the reference points and the intermediate nodes are plotted on are
erased.

Clicking this button, the intermediate nodes on all element edges are plotted.

Check: Check consistency of subdivision data

All currently defined data for subdivision of macro elements will be checked for consistency between adjacent
elements and edges. Adjacent elements or edges only can be detected if they own common end nodes. Edges
with inconsistent data found are graphically marked. With solid elements, only edges of the button surface are
checked.

Following dialog shows the available options:
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Subdivide macro structure

Delets | File | Subdivision |
Diivizion I Fattern I Continuation I Edges Check

Check conziztency of subdivizion data

—Element selectiotn———————  — Conect inconsistency ——— .

ﬂl GrDuplDl I_ (¥ Display only

™ Min number of nodes
st s2| s

i~ Max number of nodes

Select graphically |

NEW SEIECtiDn N | Flll:lt | Sh”nklng faDtDr ................................ =

a2 Elements I jv

[ Plot pattem IDs

Fliat Cancel Help

Element selection

Select elements that are to be considered.

Correct inconsistency
Display only: Inconsistencies found are shown graphically but not corrected.

Min number of nodes: Correct the subdivision of edges by applying the minimal number of intermediate
nodes for the subdivisions of all adjacent elements. This can also be zero, if no subdivision for one edgeis
given.

Max number of nodes: Correct automatically by applying the maximal number of intermediate nodes for
the subdivisions of all adjacent elements.

Shrinking factor
For plotting purposes a shrinking factor can be given here. This makes it possible to better show
inconsistencies between neighbored edges.

Plot pattern ID

With this option set al macro elements with irregular patterns will show the associated pattern ID in the
center of gravity when plotted.

Delete: Delete subdivision data

The currently assigned data for subdivision will be deleted for all or selected elements. An element set must be
specified in the dialog.
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File: Save/load subdivision data to/from file

Button ,, Save" saves to binary file with extension .mut. By pressing ,Load" a previously saved binary file can
be loaded. The association between subdivision data and elements is done by the external element 1Ds, that
means the IDs for elements shouldn’t be modified after saving subdivision data.

The dialog shows the current project title. Selecting options ,, Project title” or ,, Another title" the project title or
adifferent title is used for saving. Clicking button “Another file title” pops up afile selection box where afile
title is to be selected.

Subdivision: Perform subdivision

After specifying al necessary subdivision data, this command performs subdivision by generating finite
elements.

Following dialog shows the available options:

Subdivide macro structure

Driwvizion i Pattern i Continiation i Edoez I Check I
Delete i File | Reference Pointz Subdivizion

Divide macro elements in to finite elements

—Mecanical type D of FE———

[ Intermediate nodesz
= Gt from macro element
[ Check comer angle

Finimurn angle |3':' " MNew iEI

— Element selection————  — Group |D of Finite Elements —
2 &% Get from macro element

. " Macio element |0
Mew selection -» |

& Mew !IJ
a2 Elementz

— Test individual elements —Epz for node cnmpressinn—‘

Select graphically | Eps: |E|
Cancel | Help |

Intermediate nodes

If this option is marked, one intermediate node is generated on the edges of the finite elements. Except for
elements of type 150 or 140 this is done when the pattern for the unit element is calculated. Transferring
this pattern to the geometry of the macro element results in curved edges for the finite elements. With type
150 or type 400 elements all edges of finite elements are straight.

Check corner angle
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If this option is marked, all corner angles of quadrilateral elements are checked. If the angle is less than
the given angle or greater than 180 degree — given angle, the quadrilateral element is replaced by two
triangular elements.

Element selection

By specification of an element set it's possible to subdivide only parts of the current macro model. This
especially will be useful for subdividing individual parts or for trying out the influence of different
parameters for individual elements. By default all elementswill be subdivided.

Group ID of finite elements

Get from macro element:. Group ID of the related macro element will be adopted by the finite el ements

Macro element ID: Finite elements will have a group 1D the same as the original macro element ID.

New: Given ID will be assigned to the finite elements.

Mechanical type ID of finite elements

Get from macro element. Type IDs of the original macro elements are used for the resulting finite
elements.

New: Given ID will be assigned to the finite elements.

Eps for node compression

Y ou may define a tolerance value for combining nodes within a near distance into a single node. Omitting
this value will cause the program to determine a suitable default. All nodes with a distance smaller than
this value are combined into a single node. Attention: If you do not give a value for eps the chosen value
might be to small. In any case check whether there are nodes within a small distance that should be

merged into a single node by plotting sharp edges are by using the command Compress nodes.

Test individual elements

Select graphically: After clicking this button macro elements have to be selected graphically, these
elements will be subdivided immediately and generated finite elements are plotted using a different color,
so the proper matching of the select subdivision pattern can be checked graphically.
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Subdivision pattern

Each subdivision of triangular or quadrilateral macro elementsis based on a pattern. Regular patterns subdivide
opposite edges with the same number of segments, asis shown in the following figure:

For irregular patterns at least 2 opposite edges have a different number of segments. This way a mesh
refinement is achieved into one or two directions. A 2 digit 1D distinguishes the patterns for regular and a 3
digit ID for irregular subdivisions. The pattern ID for regular subdivisions is 20 for macro elements 20-25, 30
for macro elements 30-35,60-65 and 40 for macro elements 40-45,80-85.

Besides the pattern |D the number of intermediate nodes for the edges of the macro element must be given.

With some patterns also a quotient g for the length of last to first FE edge can be given. The length of FE edges
increases linearly for q > 1 and decreases linearly for q < 1.

In case of solid elements a pattern is aways applied to the bottom and the top surface. The direction
perpendicular to the bottom surface will aways be regularly subdivided, for this direction, the number of
intermediate nodes and optionally a quotient for last to first FE edge length must be given.

Following m1,m2,m3,m4 are the number of intermediate nodes for edges 1-4 of a quadrilateral macro element,
where the edges are numbered counter clock wise beginning with the first element node. Direction R1 points
from first to second node and direction R2 from second to third node.

With aregular pattern only values for m1 and m2 must be given, m3 = m1 and m4 = m2 are set automatically.
Also quotients gl and g2 for the two main directions of a quadrilateral macro element may be given.

With an irregular pattern the last two digits of the pattern ID define the subdivision pattern as shown in the
following pictures. The first digit of the pattern ID determines the rotation of the pattern. The pattern is first
applied to an unit element and is then mapped to the geometry of the macro element, where the first digit of the
pattern 1D gives the node of the macro element that coincides to the first node of the unit element.

Following pictures show the different subdivision patterns.

Pattern 101, 102, 104, 105

With pattern 101 and 102 a linear increase of the number of intermediate nodes is applied for direction R1
towards direction R2. The number of intermediate nodes for edge 1 (m1) and edge 2 (m2) must be given, m3 =
ml+m2+1 and md = m2 are set.

With patterns 104 and 105 also m3 must be given, with abs(m3-m1) < m2. The smaller number of intermediate
nodes will at first be constant in the direction of R2 and then linearly increased.

For direction R2 a quotient g for last to first FE edge length may be given.
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Pattern 121

A base pattern which subdivides a quadrilateral element into 4 FE elements as shown in the left following
pictureis lined up in direction R1 and R2. The number of intermediate nodes m1 and m2 for direction R1 and
R2 must be given, m4 = m2 and m3 = (m1+1)*(3**(m2+1))-1 is set.

For direction R2 aquotient q for last to first FE edge length may be given.

Pattern 122

R1

This pattern allows refinementsin 2 directions by giving the subdivision parameters m1 and g1.

Pattern 123, 124, 125, 126

R1

R1

Pattern 123 does refinements in direction R2. m1,m2,m3 must be given, m4 = m3 is set, m1 must be odd, for
m3 the condition m3 = (M1+1)*(2**n)-1 with n <= m2