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Figure 1: A complex model made from scratch using second ordérick elements
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1 Introduction

This document is the description of CalculiX GraphiX (cgx). This program is
designed to generate and display nite elements (FE) and reslts coming from
CalculiX CrunchiX (ccx). If you have any problems using cgx, this document
should solve them. If not, you might send an email to the authe [3]. The Con-
cept and File Format sections give some background on funatinality and mesher



capabilities. The Getting Started section describes how torun the veri cation

examples you should have obtained along with the code of therpgram. You
might use this section to check whether you installed CalcuK correctly. Then,
a detailed overview is given of the menu and all the availablekeywords in al-
phabetical order in the Menu and Commands sections respeately. Finally, the
User's Manual ends with the appendix and some references wsevhile writing

the code.

2 Concept

This program uses the openGL library for visualization and the glut library [2]
for window management and event handling. This results in vey high speed
if a hardware-accelerated openGL-library is available andstill high speed for
software-rendering (MesaGL/[[1]).

The cgx has pre- and post-processor capabilities. It is abléo generate and
display beam, shell and brick elements in its linear and quarhtic form (g. 1)
tets can be generated from within cgx if NETGEN [4] is installed and the pro-
gram ng.vol (part of NETGEN) is accessible (see also["How to deal withcad-geometry").

The built-in mesher creates a structured mesh based on a desgtion of
the geometry. For example, it uses lines for beam elementsudaces for shell
elements and volumes (bodies) for brick elements. The progm distinguishes
between the mesh and the underlying geometry. Elements are ade from faces
and faces are made from nodes. If you move a node, the correspting face(s)
and element(s) will follow. The geometry behaves accordingo the mesh: Lines
are made from points, surfaces are made from lines and bodiese made of
surfaces. Surfaces might have 3 to 5 edges and bodies mightvesb to 7 surfaces.
As aresult, if you modify the position of a point, all related geometry will follow.
In other words, if the location of geometric entities is charged, it is necessary to
move the points on which the entities rely. It should be notedthat faces exist
only on free surfaces of the model.

In addition, entities can be grouped together to make sets. &ts are useful
to handle parts of a model. For example, sets can be used to mglate or
display a few entities at a time (see also["How o de ne a set oknfities!").

A simple but powerful entity which can store values (characer strings) is
also available. This values can be derived from previous comands or calculated
results by using an internal stack. Simple calculations carbe performed. The
values can be used to substitute parameters of subsequentmmonands. The user
might measure a distance or calculate a distance and use thiglue to move a
part of the mesh. Together with a 'while' loop, an 'if' case distinguishing com-
mand and the possibility to use system calls via the 'sys' coomand, elaborated
batch les can be written.

After a mesh is created in cgx, it needs written to a le for usewith the solver.
Likewise, several boundary conditions and loads can be wtién to les (see also
"How to connect independent meshegs”, [How to de ne Toads andconstraints’ and
"Bend"). These les need to be added into the control le for later use in ccx.




Additional commands, material description and so on must beadded with the
help of an external editor.

After the analysis is completed, the results can be visualied by calling the
cgx program again in an independent session. The program igimary controlled
by the keyboard with individual commands for each function. Only a subset
of commands which are most important for post-processing islso available
through a pop-up menu. Shaded animations of static and dynarit results, the
common color plots and time history plots can be created. Als, a cut through
the model can be done which creates a section and it is posséto zoom through
the model.

Skilled users might include their own functions. For exampé someone may
need his own functions to manipulate the result-data or he mg need an interface
to read or write his own results format (see also ['call").

Both the pre- and post- processing can be automated in batclmode (see
also '[How to run cgx in batch modg").

The program searches the home directoy for a le named \.cgx’ The com-
mands written there will be exected during startup. The usermight store there
"mem’ commands which link user written command les to the menu.

3 File Formats

It is hoped by the author that common CAD formats will be supported by
stand-alone interfaces which translate into fbd-commands So far vda, step and
iges to fbd interfaces are available on the CalculiX home pags. Tet-meshes
can be generated based on the resulting fbd- les. The follomg le-formats are
available to write(w) and/or read(r) geometric entities:

fbd-format(r/w), this format consists of a collection of commands ex-
plained in the section '[Commands” and it is mainly used to stae geo-
metrical information like points, lines, surfaces and bodes. All geometry
generated by the user is stored in this format. But it can alsobe used to
de ne a batch job which uses the available commands.

step-format(r), reverse engineered based on some cad leOnly points
and certain types of lines are supported currently. Be awareof the more
powefull cad2fbd interface program on the CalculiX home pag.

stl-format in ascii (r/w), this format describes a shape usig only triangles.

The following le-formats are available to write a mesh and certain boundary-
conditions:

Abaqus, which is used by the CalculiX solver ccx.
Ansys, most boundary conditions available.

Code Aster, mesh and sets of nodes and elements are available.



Samcef, mesh and sets of nodes and elements are available.
dolfyn, a free cfd-code[[5].

duns, a free cfd-codel[6].

isaac, a free cfd-code[7].

OpenFOAM, a free cfd-code [[8], only 8-noded brick-elementsare sup-
ported.

Nastran, most boundary conditions available.
tochnog, a free fem-code ][9], only 8-noded brick-elementse@asupported.

The following solver-input- le-formats can be read to chedk the mesh, sets and
certain boundary-conditions:

Abaqus, this is also used by the CalculiX solver ccx.
Netgen, read Netgen native format (.vol)
The following le-formats are available to read solver resits:

frd-format, les of this format are used to read results of previous calcula-
tions like displacements and stresses. This format is desibred in section
"Resuli Formatl" It is used by the CalculiX solver ccx.

duns, a free cfd-codel]6],
isaac, a free cfd-code[7],
OpenFOAM, a free cfd-codel[8].

Nastran, the f06-le can be read (sf. only CHEXA, displacemets and
stresses). Unfortunatelly this format di ers from version to version and
has to be adapted occasionally.

For a more detailed description on how to use cgx to read thisdrmats see

"Program Parameters" and the program speci ¢ "[Tips_and Hint §" sections. See
the "Bend" command for how to write them from cgx.

4 Getting Started

For installation help, see .../Calculix/cgx _X.X/INSTALL. After the program is

installed on your machine, you should check the functionaly by running the
examples included in the distribution. The examples are loated in .../Cal-
culix/cgx _X.X/examples/. Begin with a result le called result.frd. J ust type

"cgx result.frd"
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and some information is echoed in the xterm and a new window dked main win-
dow appears on the screen. The name conventions used for théetent areas
in the main-window are explained in gure 2l Now you should move the mouse
pointer into the menu-area and press the left mouse-button. Keep it pressed
and continue over the menu item \Dataset" to \Disp". There yo u release the
button. Then press the left button again and continue over \Dataset" and \En-
tity" to \D1". For background informations look into the sub section '[Dafasefs"
and "Entity"]which explains how to display results. After se eing the values you
might play around a bit with the "Nlenu"] Before going further , you should read
the section ‘Input Deviceg". See also the commands["steps",maxr!, “rinr")
"maxy, "rhinT (or the combination of max and min "™y and "sda_1' which
might be used to modify the colour representation of the dispayed values. For
example type \min 0" to set the lower value of the colour bar to zero. Now you
should study the following interactive commands: Use [‘gerT{j to enquire values
at nodes. Use [QiXT" to generate node attached texts showingheir number and
value. Use Tgcul” to generate a section through the model. Aml use [graph"
to generate a 2D time history plot (for results with several time-steps) or a 2D
plot of values along a sequence of nodes (seg_“gpeq"). Watchutoif you type
a command; the cgx window MUST stay active and not the xterm from which
the program was started. It is better to stay with the mouse padnter in the cgx
window. Next, "Duit’| the program and type

"cgx -b geometry.fbd"

in the xterm. The program starts again but now you see only a wie-frame
of the geometry. Move the mouse-pointer into the new window ad type "mesH
all". The mouse-pointer MUST stay in this window during typi ng and NOT in
the xterm from which the program was started. After you see "ready" in the
parent xterm, the mesh is created. To actually see it, type ea all". Now
you see the mesh in green color. To see the mesh as a wire-franshoose in the
main menu'Viewing| and continue to the entry "Toggle Element Edgeg" and
then again in "Viewing] choose '[Dofs!'. To see the mesh illuminated chose in the
main menu 'Viewing|' and continue to the entry "$how Elements With Light"]
To see it lled, choose in the main menu {Viewing" and continue to the entity
"Eilll Most of the time it is su cient to see the surface elem ents only. For
this purpose, choose in the main menu["Viewiny" and continueto the entry
"lfoggle Surfaces/Volumes". If you start cgx in the post processor mode, as you
did in the rst example (cgx result.frd), the surface mode is automatically set.
To see the interior of the structure, choose in the main menu [Viewing]' and
continue to the entity "Toggle Culling Back/Front".| To save the mesh in the
format used by the solver, type "send all abg". To store the mesh in the result
format type "send all frd".

To create a new model start the cgx by typing

"cgx -b le"
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where "le" will be the name of the new model if you later exit t he program
with the command "EXif]. The way to create a model from scratch is roughly
as follows, create

points with "¢pnt’ or "ppt™,]
lines with "glin},
surfaces with'[gsur”,

Bodies with “gbod]"

If possible, create higher geometry by sweeping or copyingegmetry with "swep]'
or "gopy|. You might move or scale your model with the command "omovel'.
The commands require sets to work with. Sets reference entés like bodies or
nodes. They are usefull because you can deal with a bunch of t@res at once.
See the section ['How fo de ne a set of entities" about how to ceate them.

You can write a le with basic commands like "pnt" to create th e basis
for your construction and read it with the "fead’] command. Mo st commands
can be used in batch mode. This allows the user to write a commrad le for
repeated actions.

The interactive commands start with the letter 'q'. Please make yourself
familiar with all of them before you start to model complex geometry.

After the geometry is created, the divisions of the lines carbe changed to
control the density of the elements. Display the lines and tleir divisions with

"plot]d all".

To change the element division, use

The default division is "4". With a division of"4," a line wil | have 6 nodes and
will therefore be the edge of two element of the quadratic tyg. Next, the type
of the elements must be de ned. This can be done for each of thdi erent sets.
A new assignment will replace a previous one. Delete all présus assignments
with

"EltyJall"

and assign new types with

"EltyJall he20".

If a mesh is already de ned type
"Hellmesh"
and mesh again with

"mesH all".
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Then choose the menu entity [Viewind -[Show Elements With Light! to see the
mesh lighted. Lastly, export the mesh in the calculix solverformat with

"Bend all abq".
With the "send" command, it is also possible to write boundary conditions,

loads and equations to les. The equations are useful to "gle" parts together.

It is advisable to save your work from time to time without exiting the pro-
gram. This is done with the command

You leave the program either with
"BXIT]
or with

Exit will write all geometry to an fbd- le and if a le of thisn ame exists already
then the extension of this le will be renamed from fbd to fbb. "quit" closes
the program without saving.

A solver input le can be written with the help of an editor (em acs, nedit
etc.). If you write a ccx command le, then include the mesh, the boundary
conditions etc. with the ccx command "*INCLUDE". After you  nished your
input- le for the solver (ccx) you might read it by calling th e program again with

"cgx -c solver le.inp"

for a nal check. All prede ned sets are available together with automati-
cally generated sets which store boundaries, equations anchore. These sets
start with the "+"-sign. For example the set +bou stores all ¢ onstrained nodes
where the set +boul, +bou2, +bou3 store the constraints for the individual di-
rections. Further the set +dep and +ind store the dependent and independent
nodes involved in equations etc. See which sets are de ned thithe command

nen.

Each line starts with the set-index, then the set-name follaved by the number of
all referenced entities. The sets can be speci ed by index aname. For example
if the index of set "blade" is "5" the following commands are equivalent:

"plot p 5"
"plot p blade"

The use of wildcards is possible to search for a certain expssion:

ne 4
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Now all sets starting with a \+" in their names will be listed.

Prede ned loads are stored as [Dafasefs" to be visualized. &s with the
name of the load-type (CLOAD, DLOAD) store the related nodes, faces or
elements. Use the command

"plot]
or
u-

to visualize entities of sets.
Then run the input le with ccx. The result le (.frd) can be vi sualized with

"cgx result.frd solver le.inp"

were the solver input le "lename.inp" is optional. With th is le, the sets,
boundary conditions and loads used in the calculation are aailable together
with the results.

If you have problems doing the above or if you want to learn moe and in more
detail about the cgx continue with the tutorial [Z0] and look in the appendix,
section[Tips and Hintg and[Known Problems.

5 Program Parameters

usage:
cgx [-a|-b|-bg|-c|-duns2d|-duns3d|-isaac2d|-isaac3d| -foam|-ng|
-step|-stl] filename [ccxfile]

-a automatic-build-mode, geometry file derived from a
cad file is expected

-b build-mode, geometry file in fbd-format is expected

-bg background, suppress creation of graphic output
otherwhise as -b, geometry (command) file must be
provided

-C read an solver input file (ccx, Abaqus)

-duns2d  read duns result files (2D)
-duns3d  read duns result files (3D)
-isaac2d read isaac result files (2D)
-isaac3d read isaac result files (3D)

-foam read the OpenFOAM result directory structure
-f06 read Nastran f06 file.

-ng read Netgen native format (with surface domains)
-step read an ascii-step file (points and lines only)

-stepsplit read step and write its parts to the filesystem
in separate directories
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-stl read an ascii-stl file (triangles)

[-v] (default) read a result file in frd-format and
optional a solver input file (ccx) in addition
which provides the sets and loads used in the
calculation.

special purpose options:

-mksets make node-sets from *DLOAD-values
(setname:"_<value>")
-read forces the program to read the complete result-

file at startup

If no option is provided then a result- le (frd) is assumed, see '[Resulf Formaf'.

A le containing commands or geometric informations is assuned if the
option -b is speci ed. Such a le will be created if you use [ext! or "save] after
you have interactively created geometry. Option -a awaits he same format
as option -b but merging, de ning of line-divisions and the calculation of the
interior of the surfaces is done automatically and the illuminated structure is
presented after startup. This should be used if the command le was generated
by an interface program which convertes cad-data to cgx-famat (for example
vda2fbd). With option -a and -b the program will start also if no le is speci ed.

An input le for the solver can be read with option -c. Certain key-words are
known and the a ected nodes or elements are stored in sets. Fexample the
default set(s) +bou(dof) store nodes which are restricted n the corresponding
degree of freedom and the set(s) +dep(dof) and +ind(dof) stoe dependent and
independent nodes used in equations.

A special case is OpenFOAM. The results are organized in a d#ctory struc-
ture consisting of a case containing time-directories in with the result- les are
stored. The user must call cgx using the case-directory (cgxfoam case). The
program will then search the time-directories. The time directories must con-
tain a time- le to be recognized. Or in other words each direc¢ory in this level
containing a time- le is regarded as a result directory.

6 Input Devices
6.1 Mouse

The mouse is used to manipulate the view-point and scaling othe object inside
the drawing area (gure P). Rotation of the object is controlled by the left
mouse button, zoom in and out by the middle mouse button and tanslation of
the object is controlled by the right mouse button. Inside the menu area, the
mouse triggers thelmain menu with the left button.

In addition the mouse controls the[animafiod of nodal values The animation

will stop if the mouse pointer is not in the drawing area but will start again
if the pointer enters the drawing area. This can be preventedby pressing the
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middle mouse button while the mouse pointer is in the menu ara. Pressing the
right button will release the next frame. A frozen animation can be released
by pressing the middle button. The previous frame can be reladed by pressing
the middle mouse button twice and the right button once (while the mouse is
in the menu area).

MENU AREA LC5:
+ STREBE .100
\ entity:
Mises
‘nmg_zl‘ .40e+03
min: 3#.31e+00

1.40e+03
1.33e+03
1.27e+03
20e+03
1.13e+
1.07e+03
1.00e+03
9.34e+02
8.672+02
COORDINATE 8.01e+02
SYSTEM 7.358+02

6.68e+02
6.02e+02
5.35e+02

4 .69e+02
03e+02
3.36i 2

DRAWING AREA

—‘h-‘h“‘-k

DRAWING MODE

SURFACE/VOLUME & A0E0S
2.03e+02
T 70402
7 .07e+01 [5)
FILE NAME S TovonrForce_he20. 71

Figure 2: structure of the main-window

6.2 Keyboard

The Keyboard is used for command line input and specifying tle type of entities
when selecting them with the mouse pointer. The command linas preferable
in situations where pure mouse operation is not convenienti(e. to dene a

certain value) or for batch controlled operations. Therefae most commands are
only available over the command line. The stream coming fromthe keyboard

is echoed in the parent-xterm but during typing the mouse ponter must stay

inside the main window. Otherwise the commands will not be reognized by
the program.

The following special keys are used:

Special Keys:
ARROW_UP:  previous command
ARROW_DOWN: next command
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PAGE_UP: entities of previous set (if the last command was
plot or plus) or the previous Loadcase

PAGE_DOWN: entities of next set (if the last command was
plot or plus) or the next Loadcase

7 Menu

The main menu pops up when pressing the left mouse-button iride the menu-
area (gure B). It should be noted that there are equivalent command-line
functions for most of the menu-functions. This can be used fobatch-controlled
post-processing. Next the entities inside the main menu wilbe explained:

MENU AREA DRAWING AREA
MENU:
Datasets [z
Viewirg [
Animate [>
Frame
Zoom

Center
Orientation [

Hardeopy  *|Ps—Hardecopy
-HELP- \Xwd-Hardcopy

-QUIT-

heamp . frd

Figure 3: structure of the main-menu

7.1 Datasets

Datasets are selected with the menu-item "Dataset". A data®t is a block of
nodal values. These could be displacements due to a linear alysis or for
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a specic time-step during a nonlinear analysis. It could ako contain other
values like stresses, strains, temperatures or somethindse. To select a dataset,
make sure that the mouse-pointer is inside the menu area. The press the left
mouse button and move the mouse-pointer over the menu entry Dataset”, then

continue to the right. A sub-menu pops up showing all availalle datasets with
a leading number and sometimes followed by a dataset-valueugually time or

frequency) and a dataset-description. Move the mouse-poter over a dataset
you are interested in and release the left mouse button. The ataset is now
selected. A results [Entity] must be chosen to see the valuesn the drawing-

area. This Dataset might also contain automatically calculkted values like the
v. Mises stress and the maximum principal stress (sde Pre-deed Calculations]
and [Resulf Formatf). See also the command[ds" to control the finctionality

with the command-line.

7.1.1 Entity

To view data from the dataset, its also necessary to specifytte entity (i.e. dx for
a displacement Dataset). It works in the same way as for sel¢ing the dataset
but instead of releasing the left mouse button over a Datasetcontinue to the
bottom of the sub-menu to "Entity." Continue from that item t o the right and
release the mouse button when the pointer is over an entity. Nw the data is
displayed in the drawing-area.

7.2 Viewing

In the following sections, changing properties and styles fothe displayed struc-
ture are explained. See the command[TvieW" to control the furctions with the
command-line.

7.2.1 Show Elements With Light

This is the default view of the mesh if the program was startedin viewing mode.
If used, any[animafiod will be interrupted and no values are dsplayed.

7.2.2 Show Bad Elements

This option presents elements which have a negative Jacohmavalue at least at
one integration point. The solver ccx can not deal with thoseelements. So far,
only TET and HEX elements are checked. These elements are sted in the set
called -NJBY. See also the command["egal".

7.2.3 Fill

This is the default mode and forces the element faces to be reered.
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7.2.4 Lines

The edges of the element faces are displayed. This is espdbiaiseful to see into
the structure to nd hot spots in the displayed eld. With "To ggle Move-Z/Zoom"
and "[cuf], a more detailed analysis can follow. For very derse meshes switch

to "Dafs].

7.2.5 Dots

The corners of the element faces will be displayed. This is pecially useful if
values inside the structure need checked.

7.2.6 Toggle Culling Back/Front

This removes the faces of volume elements for all elements &or the surface of
the structure, depending on the state of [Toggle Surfaces/\dlumeg". With this
option, the user can visualize internal structures like craks or a core of a hollow
structure.

7.2.7 Toggle llluminate Backface

Initially only the front faces are illuminated and the back faces are dark. This
is helpful to determine the orientation of the elements. If you want to see all
faces illuminated regardless of the orientation, then usettis option. If you want

to change the orientation of elements use the command ™™g p".

7.2.8 Toggle Model Edges

Per default, all free element edges are shown. The user canmeve/show them
with this option.

7.2.9 Toggle Element Edges

Per default, just the free element edges are shown. The useright add all edges
to the structure with that option.

7.2.10 Toggle Surfaces/Volumes

This switches the way each volume elements are displayed. fther all faces
of the elements or just the element faces on the surface of thstructure are
displayed. Depending on the state of [Toggle Culling Back/Font]" either the
faces pointing to the user or the faces pointing away are didpyed. The default
is just to show the surface pointing to the user. In the lower eft corner of the
drawing area,(see gure[2) a character is printed, indicathg the program is in
the surface mode "s" or in the volume mode "v".
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7.2.11 Toggle Move-Z/Zoom

Instead of zooming in with the help of the middle mouse button it is also
possible to move a clipping plane through the structure to gé a view of the

inside. The clipping plane is parallel to the screen and willbe moved in the
direction to and from the user by pressing the middle mouse btion and moving

the pointer up and down while inside the drawing area. Usual it needs some
mouse movements until the clipping plane has reached the sticture. Depending
on hardware, this functionality could be slow. After zooming in, consider using
the "plot] and "dlus”]commands to customize your view.

7.2.12 Toggle Background Color

With this option, it is possible to switch between a black and a white back-
ground.

7.2.13 Toggle Vector-Plot

It is possible to add small "needles" to the plot which point with their heads
in the direction of the vectors. Only entities which are marked in the database
as vectors will be a ected. See [[Nodal Results Block" for inbrmation on how
entities are marked as vectors. Internally calculated veabr-results, like the worst
principal stress, are marked automatically. If one componat or the value of a
vector is selected, then the option takes immediate e ect.

This option can be used in combination with "Animate [Toggle Dataset Sequende”.

See also the keyboard command[™ds" how to select datasets anghtities with
the keyboard. In this case, entities which are NOT marked in he dataset as
vectors can be displayed with vector-needles. This commanltine approach with
"ds" is the only way to display duns-cfd-results with vector-needles. See also
the command '[Scal" how to manipulate the length of the vectors.

7.2.14 Toggle Add-Displacement

It is possible to display results on the deformed structure. For example, you
can display a stress eld on the deformed structure. If you krow a suitable
ampli cation factor for your displacements then use the 'S@ll' command to
issue this value but this can also be done later. Of course didacements for the
Loadcase must be available.

7.2.15 Toggle Shaded Result

It is possible to display results with illumination. For example, you can display
a stress eld with a shaded appearance to have a better impreson of the shape
of the structure.
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7.3 Animate

This option allows the animation of displacements. See alstnim!, "ds" and
"Bcal' to use this functionality with the command-line.

It is possible to create this sequence from just one Datasetsee [Siarf".
This is useful for displaying mode-shapes. See alsp "ToggRataset Sequende
to create a sequence from multiple Datasets to visualize dyemmic responses.

7.3.1 Start

Creates a sequence of display-lists to visualize displacemts (for example mode-
shapes). The program recognizes displacements just by theame of the dataset.
This name must start with the letters "DISP", otherwise the a nimation will not
start (see '[Nodal Results BlocR").

7.3.2 Tune-Value

Controls the amplitude of the animation. If "Toggle Real Displacements$" was
chosen before, the tune-value is equivalent to the ampli céion of the animation.

7.3.3 Steps per Period

Determines how many display lists for one period of animatio will be used. If
"Moggle Dataset Sequence" was chosen, then these number ofsglay lists will
be interpreted as one period (seg Time per Peridd).

7.3.4 Time per Period

Determines how many seconds per period.

7.3.5 Toggle Real Displacements

To see the correct displacement of each node. The animatioraa be controlled
with the help of the mouss.

7.3.6 Toggle Static Model Edges

The user can switch on additional undeformed model edges. Tib is usefull for
hardcopies were this edges give a reference to the undeforchehape.

7.3.7 Toggle Static Element Edges

The user can switch on additional undeformed element edgesthis is usefull for
hardcopies were this edges give a reference to the undeforchshape.
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7.3.8 Toggle Dataset Sequence

Creates a sequence of display-lists to visualize values ofs&quence of Datasets.
The Datasets must use the same type, for example only displaments or only
stresses. To activate the animation, after you have selectk\Toggle Dataset
Sequence" choose the rst Dataset to be displayed, then theexond and then
the last one. Finally choose the entity. The rst two datasets de ne the spacing
between the requested datasets and the third-one de nes théast dataset to be
displayed. The last two selections of datasets can be omitté Then all datasets
which use the same name, starting from the selected one, wilbe used. The
command '[d3" provides the same functionality.

7.4 Fame

Adjusts the drawing box.

7.5 Zoom

Use this command to zoom into a rectangular section of the widow. After this

option is chosen, use the mouse to select the opposite corgeof a rectangle.
The display will zoom in on the rectangular area. Note the retangle is never
shown on the screen (see alsa*zgum").

7.6 Center

Used to choose a new center point for the structure. After ths option is chosen,
pick either a node, a point or the corner of an entity. To easiy nd the element
corners, the function '[Toggle Element Edgek" is triggered atomatically (see

also '[gent’).

7.7 Enquire

Used to investigate parameters like the value and the positin of a certain node
of the model. Pick a node after this option is chosen. To easil nd the element
corners, the function '[Toggle Element Edgek" is triggered atomatically (see

also '[germ").

7.8 Cut

Used to cut elements and to create a section of new elements @modes. Either
pick three nodes, or, in case a dataset-entity of a vector waslready selected,
use the menu entry \vector" and select just one node. The cuting plane is
then determined by the direction of the selected vector (diplacements, worstPS
etc.). To easily nd the element corners, the function '[Toggle Element Edge$"
is triggered automatically (see also [qcu}” and '[cuil’)
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7.9 Graph

Used to generate a 2D-plot. The option \Length" will provide a plot \value

over distance between nodes". The option \Datasets" will provide a plot \value

over Dataset-nr" and the option \Time" will provide \value o ver Time". For

the later two options it is necessary to rst create an animation with either the

command '[dg" or the menu option "[Toggle Dataset Sequende” (se also [graph"
and "How to generate a time-history plof]'). To easily nd the element corners,
the function "Toggle Element Edgeg" is triggered automatically.

7.10 User

This menu item does not exist until the rst "mema] command wa s executed.
Each \menu" command adds a new user command to the menu. This menu"
commands are usually stored in a \.cgx" le in the home directory to link them

to the menu during startup.

7.11 Orientation

7.11.1 +x View

To look along the x-axis.

7.11.2 -x View

To look against the x-axis.

7.11.3 +y View

To look along the y-axis.

7.11.4 -y View

To look against the y-axis.

7.11.5 +z View

To look along the z-axis.

7.11.6 -z View

To look against the z-axis.

7.12 Hardcopy

To create a hard-copy during animation, it is useful to stop the animation rst
with the middle mouse button while inside the menu area of themain window
and then release one picture after the other with the right buton until the
desired amplitude or step is reached.
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7.12.1 Tga-Hardcopy

To create a window dump in tga format. You might use the program "convert"
[11] to convert this format to others.

7.12.2 Ps-Hardcopy
To create a window dump in postscript format. The program corvert must be
installed.

7.12.3 Gif-Hardcopy

To create a window dump in gif format. The program convert mug be installed.

7.12.4 Png-Hardcopy

To create a window dump in png format. The program convert mug be installed.

7.12.5 Start Recording Gif-Movie

All frames during an animation are stored. The recording end after the right
mouse button is pressed while in the menu area. Finally all fames are combined
in the le "movie.gif" which can be displayed with various to ols (Firefox [12] or
realplay). If the animation is stopped with the middle mouse button while in
the menu area, then the movie stops until it is released by prssing the middle
mouse button again. See[mawi" for the keyboard options. Futher remarks in
"How to change the format of the movie leJ.

7.13 Help

Starts the html help and displays this document. It only works if the speci ed
html-viewer is available. The default is Firefox [1Z2] but this can be changed
in the "cgx.h" le. The search-path for the documentation is also de ned in
the "cgx.h" le. Please make sure that the documentation is in the speci-
ed location or change the path in the "cgx.h" le and recompile the pro-
gram after the object- les are deleted. The default location for the html help
is .../CalculiX/cgx _X.X/doc/cgx and /CalculiX/ccx _X.X/doc/cex for cgx and
ccx respectively. The html les must be downloaded directly or compiled from
the latex source for this function to work properly. The INSTALL le tells
how to compile the latex code to html. The INSTALL le is locat ed .../Cal-
culiX/cgx _X.X/ and .../CalculiX/ccx _X.X/ for cgx and ccx respectively.

7.14  Quit

This terminates the program without a save.
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8 Customization

The le \.cgx" located in the $HOME directory will be read at program start.
The following commands might be usefull in this context:

“font]
"[of]
"Ewlbg"
"Wl sh”
Example content of a \.cgx" init le:

valu vinp /home/user/cgx_templates/readinp.fbl
menu readinp(vinp) read vinp

9 Commands

This section is a reference to all commands and their paramets in alphabetic
order. If a command is typed the mouse-pointer must be in the min window
(gure £]. Only the echo of the input stream is visible in the parent xterm. The
keywords are not case sensitive but all command parametersr@ case sensitive.
Each reference starts with a short description of the commad. The following
syntax is used for these descriptions:

Known commands and syntax:

""" Keyword (either uppercase or lowercase)
<..>: Parameter (case-sensitive)

[..]:  combination of parameters or optional parameter
(..);  Remark
| .

. OR
& : AND
- from-to
-> : command continues in the next line

RETURN press the RETURN key

Entities|with the exception of nodes and elements|are refere nced by names
which can contain letters and numbers. Usually one to four chracters is rec-
ommended. If a new entity uses an existing name, the old de rtion will be

overwritten. To overcome this problem, "alias" names can beused. An alias
name is de ned with the ! sign in front. An already de ned alias name can be

25



referenced by placing the%sign in front. For example:
LINE L1 %1 %2 9SET

will create a line with the alias name L1 and will use the aliasnames P1 and
P2 to de ne the end-points and uses the set SET to de ne the pant sequence
between the end-points. The assigned alias name for a givemtity can be

enquired with a leading question mark using the prnt command

9.1 anim

‘anim'  'tune' <value>|'steps' <value>|'time' <value>|->
‘real' ['on’|'off]|'model' ['on'|'off]| ->
‘elem’ ['on'|'off]| 'start’

This keyword is used to manipulate the animation of displacenents. See also
"Hsl' and "§call. The ampli cation is controlled with \tune" . \steps" de nes the
number of frames over one periode. \time" controlls the duraion of one periode.
\real" switches of the automatic ampli cation and the real d isplacements are
used instead. In addition the displacements of the negativepart of the periode
is set to zero. \model" switches the static model (undeformel) edges on or of.
\elem" does this for the element edges. Start the animation vith 'start’. The
animation stops when using the 'ds' or the 'view' commands wih appropriate
parameters.

9.2 area

‘area’ <set>

This keyword is used to calculate the area and the center of @ity of a set of
shell-elements or surfaces of volume-elements. If a 'dates is active then an
averaged value is calculated.

It averages the nodal values per element and weight it (multpies it) with
the area of that element. The sum of all the weighted elementralues is then
divided by the total area of all regarded elements. The centeof gravity is also
weighted with the indvidual areas. This works for faces as wé In case the
"[Acut] command was used to create a section it is necessary tase the ‘fcomg”
command to add the related faces to the set '-qcut' which hold the section:

comp -gcut do
Then the 'area’ command can be used:
area -qcut

which produces a listing like that:
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AREA:98.437740 CENTER OF GRAVITY: 9.214960 0.663785
24.655288 AVERAGE-VALUE:252.453576

The command writes to the 'lSfack'".

9.3 asgn
asgn' [ne|p|Ifc|s b]S|L]se]->
'sh'|'alpha’|'beta’|'nadapt’ <value>] | ->
[rbe" <value>|'mpc’]

This keyword is used to manipulate the behaviour of succesg commands.

For example to de ne the rst node or element number which will be used
for the next mesh generation. And it is used to rede ne the leaing character
of new entities. The default is D for points p, L for lines I, C for combined lines
(lcmb) c, A for surfaces s, B for Bodies b, Q for nurb lines (nuf) L, N for nurb
surfaces (nurs) S, A for sets se and H for Shapes sh. For exarepl

asgnp U

will assign the character U as the leading character to all nely created names
of points. The automatically created names of geometric erities use 4 charac-
ters. If all possible names with the chosen leading letter a in use then the next
alphabetical letter is chosen as a leading letter, so after BZZ follows QO000. If
no more letter follow then the amount of letters per name is ircreased. The
maximum number is 8. Each entity has its own name-space. Di @ent entities
might use the same name. Remark: Currently nurbs-lines are womatically
used to create splines sharing the same name. Nurbs-linesrcaot be used for
other purposes than to be displayed and so far they can not be ritten to a le.

The command is also used to controll the behaviour of the unsuctured
triangulator. This unstructured mesher [14] uses the tree arameters alpha,
beta, nadapt for mesh-control. Current default is 0.4 for apha and beta and 4
for nadapt.

In case Nastran input should be generated it is possible to siich from MPCs
to RBEs when using the[sen command in combination with the aeampc op-
tion. The value after \rbe" represents the thermal expansion coe cient of this
elements:

asgn rbe 0.5e-6

It should be noted that coincident nodes are connected by MPG either way.

9.4 Dhia

'bia' <line>|<set> [ [<bias>] [<factor>]|
['mult|'div’ <factor>] ]
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This keyword is used to de ne the bias of a single line or of a geof lines (see
[gadd). The bias de nes the ratio of the length of the rst element to the length
of the last element. For example,

bia all 4.5

will force a ratio in which the last element is 4.5 times bigge than the rst
one. Real numbers are permitted since version 1.5 (see alsbig). To convert
from pre 1.5 versions, start the program with the -oldbias ogion. A negative
factor permits to invert the direction of the bias:

bia all 4.5 -1

9.5 body

'‘body' <name(char<9)>|"" [<surfl> <surf2>]|
[<surfl> <surf2> <surf3> <surf4> ->
<surf5> [<surf6> <surf6>]]|
[<set>]

This keyword is used to de ne or rede ne a volume (body). Eachbody must
have ve, six or seven surfaces to be mesh-able with hexaedefements, oth-
erwise it can only meshed with tets if NETGEN [4] is installed. However, it
is su cient to specify just the "top" and the "bottom" surfac es. But if sur-
faces with 3 or 5 edges are involved then this surfaces have tte the "top" and

"bottom" surfaces. This is also true if surfaces have di erent line-divisions at

opposite edges. The missing surfaces between the "top" andbttom" surfaces
will be created automatically if they do not already exist (they will always have
4 edges with the same division on opposide edges). But all néed lines must
exist. More precisely, only single lines or existing combiad lines [[cmf) can be
detected. The user must de ne the missing surface if just a chin of lines (and
no lcmb) is de ned between two corner points of the "top" and "bottom" sur-

faces before he can successfully use the body command. It isreore convenient
way to de ne a body than the command \gbod|' but exactly 2 or all surfaces
must be speci ed otherwise the body will not be created (The nost convenient
way to de ne bodies is to use the command [\gbodl"). For example

body bl sl s2
will look for the missing surfaces and if necessary create #m if all lines between
the corner points of s1 and s2 are de ned; the result is the craion of body, b1.

Or for example,

body ! s1 s2 s3 s4 s5
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will create a body and a new name for it. The new name is trigged by the
sign!. Here the body is based on 5 surfaces. If the surfaces are natrmected,
the body is not mesh-able.

In case a body should only be meshable with tets it can be comped of more
than 7 surfaces. The de nition can be provided by a set of surdces:

body ! surfset

will create a body based on the surfaces referenced by surfse

9.6 break

'‘break’

This keyword is used to end the interpretation of a command le. The program
returns to the interactive mode.

9.7 «call

‘call' <parameters>

This keyword is used to allow the user to control his own functonality in the le
"userFunction.c". The data-structures for the mesh and datasets are available.
The default function calculates the hydrodynamic stressewith the command:

call hydro

See [User-Funciion$" for details.

9.8 cntr

‘cntr' <pnt|nod|set>|[x y z]

De nes a new rotation center. See also['qcit" for the cursor ontrolled com-
mand.

9.9 comp
‘comp’ <set|*chars*> 'u’|'d'|'e'

This keyword is used to add all entities to the speci ed set (ge[Sefa) which de-
pend on the already included entities (u, up), or to include dl entities necessary
to describe the already included entities (d, down).

For example the set "lines" stores lines and should also inade all dependent
points:
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comp lines do

Or the set "lines" should also include all surfs and bodies with depend on
the lines:

comp lines up

In some cases you will need only the end-points of lines. Withithe option
(e, edges)

comp lines e

only end-points are included in the set. One exception to th$ logic was in-
troduced for convenience:

comp nodes do

will add all faces described by the nodes in set nodes despitthe fact that
faces are made from nodes.
Wildcards (*) can be used to search for setnames of a certainxgression:

comp E* do

will complete all sets starting with \E".

9.10 copy

‘copy' <set> <set> ['scal' <fx> <fy> <fz> <pnt> [a] ]|
[tra' <dx> <dy> <dz> [a]]|
[rot' <pl> <p2> <alfa> [a] ]|
[rot' 'X|'Y'|'z" <alfa> [a] ]|
[rot' <pl> X|y'|'z' <alfa> [a] ]|
[rad' <pl> <p2> <dr> [a] ]|
[rad" 'X|Y'|'Z|'p'<PNT> <dr> [a] ]|
[rad” <pl> X|y|Zz' <dr> [a] ]|
['nor' <dr> [a] ]|
['mir <P1> <P2> [a] ||
[mir X|yz" [a] ]|
[mir' <P1> X'|'Y'|'z' [a] ]

This keyword is used to create a copy of a set (sde_Séta abouttsg Geometry,
nodes and elements with their results can be copied. The copgf results is
usefull to evaluate additional sectors in case of a cyclic sgmetric calculation.
The copy is included in the new set. EXxisting sets are extend& by the copied
entities if the last parameter \a" (append) is provided. Several transformations
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are available. For example scal creates a scaled copy, theading factors fx, fy,
fz can be chosen independently,

Several transformations are available. For example scal eates a scaled copy,
the scaling factors fx, fy, fz can be chosen independently,

copy partl part2 scal 2 PO
copy partl part2 scal 1 1 2 PO

tra will create a copy and will move it away by the vector dx, dy, dz and
the optional parameter a will assign the new entities to setsvere the mother of
each entity is included,

copy setl set? tra 10 20 30 a

rot will create a copy and will move it around the axis de ned by the points pl
and p2 by alfa degrees,

copy setl set2 rot pO px 20.

or the axis of rotation is given by specifying one of the basisoordinate axes:
copy setl set2 rot x 20.

or just one point and a vector of rotation is given by specifyng one of the
basis coordinate axes: copy setl set2 rot p1 x 20.

rad will create a copy and uses the same transformation opties as 'rot' or
will create a spherical section if just a single point is de red,

copy spherel sphere2 rad pPO 10.

nor will create a copy and will move it away in the direction of averaged nor-
mal local vector. This requires information about the norma direction for each
entity. Nodes will use associated element faces and geomigtrentities will use
the element faces, surfaces or shapes which are stored withdm in the setl,

copy setl set2 nor 1.2 a

mir will create a mirrored copy. The mirror-plane is placed normal to the
direction running from P1 to P2 and placed at P2,

copy sectionl section2 mir P1 P2.
as with 'rot and 'rad’ additional transformation options ar e available:

copy sectionl section2 mir P1 x
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places the mirror at P1 with its normal direction in 'x' direc tion
copy sectionl section2 mir x

Places the mirror in the origin with its normal direction in ' x' direction.

9.11 corrad

‘corrad’ <set>

This is a very special command to adjust improperly de ned arc-lines, like in
llets. The center points of arc-lines included in the set are moved in a way that
each arc-line will run tangentially into a connected straight line. But because
the end-points of the arc-lines are not moved only one side afach arc-line will
run into a connected line. The other side is not controlled an might end in
a sharp corner. Therefore for each arc-line exactly one comuted straight line
must be included into the set ( gure H).

Line L002 and L003 are members of [
set LIN

Point D004 is the center point
of arc-line L003 and will be moved

Line 1003 runs now tangential

Command: into line LO02
corrad LIN

002
002
L003
D004 D004
7
Figure 4: E ect of the corrad command
9.12 csysa

‘csysa’ <sysNr> <set>

Speci es the displacement coordinate system for each nodeN@stran only).
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9.13 cut

‘cut’ <pnt|nod> [<pnt|nod> <pnt|nod>]

This keyword is used to de ne a cutting plane through elemens to visualize
internal results. The plane is either de ned by three nodes o points, or, in
case a dataset-entity of a vector was already selected, by §i one node or point.
The cutting plane is then determined by the direction of the vector (displace-
ments, worstPS). The menu option [Show Elements With Light| or the com-
mands '[ucufl’, "View kurf" or"viewYolu" will display the who le model again and
will delete the plane. This command is intended for batch-male. See [qcut"
for the cursor controlled command.

9.14 del
'del' ['p|I'10'c'|'s'I'b'|'t]'S|'L|'se’|'sh ' <entity>]|
['se0T]|
['mesh|
['pic’]

This keyword is used to delete entities, the whole mesh (seelso [qde]) or a
background-picture. For example,

del se part

will delete the set \part" but all included entities are unto uched. The following
entities are known:

Points p, Lines |, Combined Lines c, Surfaces s, Bodies b, NedTexts t, Nurb
Surfaces S, Nurb Lines L, Sets se and Shapes sh.

When an entity is deleted, all dependent higher entities aredeleted as well.
Special cases are

del 10 set (I<zero>)
were all lines with zero length in set "set" are deleted and
del se0

will delete all empty sets. If a background-picture was loagd with the "feadl
command it can be deleted with:

del pic

See also ['zap" on how to delete a set with all its referenced ¢ities.
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9.15 dist

'dist' <set> <target-set>|<shpe> ->
[tra' <dx> <dy> <dz> <offset>]|
[rot" <pl> <p2> <offset>]|
[rot" X|'y'|'z" <offset>]|
[rad' <pl> <p2> <offset>]|
[rad" X'|'y'|'z" <offset>]|
['nor' <offset> <tol>]

measures distances between entities of two sets. For exangpbetween points or
nodes stored in one set to surfaces or shapes stored in a sed@et. The average-
, maximum- and minimum distance is determined. The distanceis measured
normal-, rotational-, radial or translatoric. The command works analogous to
the "proJ] command. Please look there for details.

The command writes to the '{Stack’".

9.16 div
'div' |
<defdiv>|
<line> [<division>]|
<set> [<division>]|
['mult'|'div' <factor-div> <factor-bias>]|
[auto’ <node-dist> <angle> <elem-ratio>]

This keyword can be used to re-de ne the default division of ines:
div 4

The div keyword works on a line or a set of lines (se¢_gadd). Thelivision
controls the number of nodes created when the geometry is mheed (see[ elty
and[mesh). For example,

div all 4

attaches the division of 4 to all lines. With the keyword mult or div in combi-
nation with a value, it is possible to multiply or divide alre ady assigned divisions:

div all mult 2.

Or in case you need a starting-point for the individual divisions you can use
the option auto with the optional parameters node-dist and angle. Node-dist
is the maximum allowed distance between nodes and angle is ¢hmaximum al-
lowed angle de ned by three sequential nodes. If one paramet is not ful lled
then the division is halved until the requirements are ful | led. Default values
are de ned in the le cgx.h and can be listed with
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div

without parameters

div all auto

uses the defaults. But they can be overruled
div all auto 2. 10. 0.5

will use a maximum element lenght of 2., the angle between sgessive nodes
is less than 10 degree and the minimum element is only half othe maximum-
length.

9.17 ds

'ds' [<1l.Dataset-Nr> [<2.Dataset-Nr>] [<n.Dataset-Nr>] ->

[a[h]|'e[h]" [<entity-nr> (up to 4 times)]]|
[[0" <value> [<entity-nr>]]|
['p' <power> [<entity-nr>]]|
['s' <value> [<entity-nr>]]|
[T <key> [<parml>] [<parm2>] [..<parm5>]]]|

['g" <name> [[<ncomps>|<0>] <value> <text> <type> ->

<step> <analysisName>]]|
['e' <name> <comp> <type> <row> <column>]

This keyword is used to select, modify or generate one or mofBaiaseis (ds)
and one or more[Entity] (¢). In addition it can be used to generae or modify

related parameters which might store step speci ¢ descripibns. The dataset has
to be a positive number which has to match the nr in the Datasetmenu or an '

(lower case 'L") which is interpreted as the last available Dataset or a negative
number. Then it is interpreted as the last ds minus the specied number. For
example

dslel
will display the rst entity of the rst Dataset.
dslel

will display the last Dataset. To start the animation of the second-to-last
Dataset right away:

ds-1a
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Or generate an animated fringe plot by adding the desired erity:
ds-1a4

Sequences can be de ned by specifying one to three datasetadiby extend-
ing the 'e' parameter by an 'h' (‘history"):

ds2ehl

Here all datasets of the same type as ds 2 are selected. The spay between
datasets of the same type is only evaluated for the rst step.A unique step-with
is therfore needed.

ds210eh 1

Here the datasets 2, 10 and all successive ones of the same dypwith a spacing
of 8 are selected.

ds2410eh1

Here the 1st entity of each second Dataset is selected. The Isetion starts
at the second- and ends at the 10th dataset. If more than one ity is de ned
then a vector-plot will be displayed. If a 4th entity is de ne d then this entity
will be used for the basic color-plot:

ds 2410 eh 12 13 14 15

In case the deformed shape should be shown together with theifige plot in a
sequence of datasets then the 'e' parameter has to be replatdy an 'a’ char-
acter.

ds2ah1l

REMARK: So far vector plots can not use the deformed shape. Thkrefore
only one entity is supported.

In addition, it is possible to scale or o set the entities of the speci ed datasets:
ds1s1.2

will scale all entities of dataset 1 by a factor of 1.2.

ds1pl23

will use the given exponent to scale entity 3 of dataset 1 by arexponent of
1.2.
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ds 1 o 200.

will add a value of 200 to all entities of dataset 1.

ds 1 0 200. 2

will add a value of 200 to the entity 2 of dataset 1. Each dataste might use

related parameters (seé¢ Parameter Header Recdrd for the forat of a parame-
ter record). This parameters can be overwritten or created:

ds2410r TAMB 1

Each second dataset from 2 to 10 gets a related parameter 'TAB' with the
value '1'. If the value is nummeric it can be used by the [grapf|' command.
A new dataset in which all values are initiallized to zero is gnerated with:

ds g VELOCITY 3

The 'name’' VELOCITY will appear in the menu as the dataset name and can
be 8 character long. It has 3 components (‘'ncomps', defaults '1"). The other
parameters are optional:

value: A nummeric value, usually time or frequency (used by [graph").
text: A describing text (used by \§raph).

type: Analysis type (static:0,time step:1,frequency:2, ¢c.).

step: Step or increment number

analysisName: Type of analysis (description).

The current dataset name is modi ed if only the name is given:
ds g VELOCITY
The other parameters of the current dataset can be modied ifthe number
of components is set to zero: ds g VELOCITY 0 1e4 test
The entities of the current dataset are manipulated with:
dseV?2
The 'name' V will appear in the menu as the entity name and can ke 8 character

long. It is the second entity of the current dataset (‘comp’, default is '1"). The
other parameters are optional:
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type: Mathematical data type (scalar:1, vector:2, matrix:4, etc.)
row: sub-component index or row number

column: column number if matrix

The values at the nodes are manipulated with the [nodé" commad. This
should happen before the 'ds €' command is used since that canand does also
determine the maximum and minimum values used in the graphial window.
More details can be found in section [Nodal Results Block".

9.18 elem

‘elem' <nr|!> [set]|
[<firstNode> .. <lastNode> 'be2'|'be3'|'tr3'|'tr6'|->
'qud’|'qu8’'he8''he20]
This keyword is used to de ne elements based on nodes and itype (see section
in the appendix for the correct node-order). Br example,

elem11234qu4

creates a shell element with four nodes. If the an automaticlly generated name
is desired, then type " " instead of a name. Shell elements can be created based
on a set of element-faces:

elem ! faceset

This might be usefull to create a layer of shell elements on dame elements.

9.19 else
‘else’

See the [il' command.

9.20 elty

‘elty’ <set> 'be2'|'be2f|'be2d'|'be3'|'be3f|->
'tr3''tr3u’['tr3e’['tr3s’|'tr3c'->
'tr6'['tréu’['trée’|'tr6s'|'tré¢’|->
'‘qud’|'qude’|'quds’|'qudc’|->
‘qudr'|'quder’|'quédsr'|'quécr'|->
'‘qu8'|'qu8e’|'qu8s'|'qu8c’|->
'‘qu8r’|'qu8er’|'qu8sr'|'qu8cr'|->
'he8'|'he8f|'he8i'|'he8r'|->
'he20'|'he20r'|'pe6'|'pebf|'pels’|->
'pelbr|'ted|'te4f|'te10’'|'te10m’|->
'tel0t' [<parameter>]
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This keyword is used to assign a speci c element type to a setfoentities (see
section[Element Type$ in the appendix). In most cases it can & used to specify
the element type before the mesh is created. In case of unstctured meshes the
element attributes have to be assigned after the mesh is créad (from tréu to
tr6c or tel0 to telOt etc.).

The element name is composed of the following parts: The leadg two
letters de ne the shape (be: beam, tr: triangle, qu: quadramyle, he: hexahedra,
pe: penta, te:tetraeder), then the number of nodes and at lasan attribute
describing the mathematical formulation or other features (c: axisymmetric,
e: plain strain, s: plain stress, u: unstructured mesh, r: reuced integration,
i incompatible modes, f: uid element for ccx, t: initial te mperatures are
interpolated linearly within the tet element (ccx:C3D10T) ).

If the element type is omitted, the assignment is deleted. Ifall parameters
are omitted, the actual assignments are posted:

elty

will print only the sets with assigned elements. Multiple denitions are pos-
sible. For example,

elty all

deletes all element de nitions. If the geometry was alreadymeshed, the mesh
will NOT be deleted. If the mesH command is executed again aéir new assign-
ments has taken place, additional elements will be created.

elty all he20

assigns 20 node brick-elements to all bodies in the set all.

elty partl he8

rede nes that de nition for all bodies in the set partl.

elty part2 tréu

assigns 6 node unstructured triangle elements to all surfas in set part2.

elty part2 tréu 0.5

will do the same but species a mesh re nement factor of 0.5 ¢1: coarser
than the average boundary spacing,<l: denser ). Be aware that specialized
unstructured meshes must be created by using two times the 8f command.

First time the general unstructured type before the mesh is atually created
and afterwards a rede nition into the more speci c type:
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elty part2 tréu
mesh all
elty part2 tr6c

creates an axisymmetric unstructured mesh.
elty part3 tel0

assigns 10 node elements to all bodies in set part3. But this evks only if
NETGEN [4] is installed and the program ng-vol is accessible.

elty part3 te10 3.5

will do the same but speci es a target size for the elements. f this case the
modi ed program ng_vol from the cgx-distribution must be available. Replace
the original ng_vol in the NETGEN package and build it again. Be aware that
specialized unstructured meshes must be created by using twtimes the elty
command. First time the general unstructured type before the mesh is actually
created and afterwards a rede nition into the more speci c type:

elty part2 tel0
mesh all
elty part2 te10t

The penta element types are not supported for meshing but carbe used to
rede ne the attributes (pe6 to pe6f). Penta elements are ony created if a mesh
of triangles (2D) is sweeped in 3D. This procedure is used toreate quasi 2D
cfd meshes.

The uid network element types are be2f and be3f. The be2f haso be used
at the begin and the end of a network. This elements will use tle special node nr
‘0" at the entry and exit. This node-nr is automatically assigned to the element
de nition when written in the ccx format. All other elements in the network
must use the be3f type. The detailed element type de nition has to be done in
the ccx input le based on element-sets.

9.21 endif
‘endif'
See the [’ command.

9.22 endwhile

‘endwhile’

See the [whild" command.
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9.23 enq

‘enq’ <set> <set> ['set' <setname> ]|->
[rec’ <x-value>|'"_' <y-value>|'_' <z-value>|"_' ]|->
[cxX|'cy'|'cz' <r-value>|' ' <fi-value(deg)>|"_" ->
<axis-value>|' '] ->
<tol> 'i'l'a’|'h’['l" [<value>]

This command is used to locate entities from a certain set (1st provided set)
and stores them in the second set. The following entities ardnandled: nodes,
points, lines, surfaces. But surfaces can only be identi edf the command \rep]
<setname>" was issued before. In case of nodes with related values (ngss)
it will also determine the highes or lowest value in the speced range, or, all
nodes above or below a certain value. The coordinates mightédtaken from one
node or point in a given 3rd set or given in cartesian coordinges (option rec) or
cylindrical coordinates (option cx, cy, cz). Some coordingées might be omitted
to specify an in nite range. The '_' key has to be used in this case. The mode
is de ned by the keys 'i' individual, 'a' all, 'h* high, I lo w, were h and | will
search the highest or lowest value in range. This value will Bo be written to a
le for automatic processing purposes. For example

enq all newset rec 10._ 100. 0.1 i

will search for entities in set 'all' at the given location x:10. y:_(in nite range,
triggered by the '_' key) z:100. with a tolerance of 0.1 and only the closest enty
of all kinds of entities are stored in set 'newset’, triggerel by the 'i' key. With
the 'a' key all in range would be stored. The key 'h' or 'I' would trigger a search
for the highest or lowest value in the speci ed range.

In combination with a certain value

enq all newset rec 10..100. 0.1 h 1013.

all nodes with a value above \1013." would be stored in set \nevset". The
command

eng domainl newset cx 100. 180. 10. 0.1 a

will search for entities in set 'domainl' at radius:100. araind x at :180 de-
gree and x:10. with a tolerance of 0.1. All entities in range ee stored in set
‘newset'.

The following example illustrates the use of \enq" to nd the highest value
close to a location given by a node-number:

# activate dataset 3 with entity 7:

ds 3 e 7

# read a file with one node to define a set:
read posl.frd posl
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# search the highest value around a radius of 1:

enq all t set posl 1. h

# move the file with the search result to a meaningfull name:
sys mv eng_lc3_e7_1.out posl.out

The command writes to the 'istack'".

9.24 eprop

‘eprop' <set>

Calculates the element edge length and volume. Usefull forfd meshing.

9.25 eqal
‘eqal' 'jbir'|'aspr|'mca’ <value>

The keyword without parameters lists the current element quality thresholds
(0==0):

JBIR: The maximum ratio of jacobian determinants xsj between all gaus-
points. Were xsj = Vworldcoordinates / Velementcoordinates and jbir =
xsj-max / xsj-min. Supported element types he8, he20, tel0.

ASPR: Element aspect ratio between all element sides. Suppted element
types he8, he20.

MCA: Maximum corner angle between all element sides. Suppded ele-
ment types he8, (he20 as he8).

With parameter \value" sets the value of the threshold. The element-quality is
checked with '[plof]eq all".

9.26 exit

‘exit’
This command terminates the program and saves the geometryiflany) to a le
named as the input le but with the extension .fbd. If a le wit h that name

exists already, then this le will be saved with the new le extension .fbb as a
backup (see alsa—save).

9.27 |

fil' <line> <line> <radius>

This command creates an arc of a given radius between the twapgci ed lines.
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9.28 ip

flip' [<set> <e>|<b>|<s>]|
[<s> [auto]]

This command changes the orientation of a set of shell-elemés, bodies or
surfaces. In case of a single surface with the parameter \aot' all surfaces will be
ipped in a way that they share a common direction (in or out of a volume). The
related elements are also ipped. Seg qp for the cursor conblled command.

9.29 pc
flpc'

This command changes the colour of the scale. Initialy the diwlt is red for
high values and blue for low values. The command will invert he current state.

9.30 font
‘font' 'd'|'l' <value(1-6)>

This command changes the drawing-font. Six fonts of di erert heigh are avail-
able:

font d 6
selects the highest font for the drawing area were
font| 1

selects the smallest one for the legend. The default is seked if no number
is speci ed:

font d or font |

9.31 frame

‘frame' [<setname>]

This command ts the model or the contents of a given set into the drawing
space.

When executing commands which increase the used space theh right
happen that geometry is clipped and can not be seen or accessanymore.
This command is usually automatically triggered.
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9.32 gbod

‘gbod’ <name(char<9)>|"!" 'NORM' '+|-" <surf> '+|-' <surf > >
.. ( -7 surfaces )

This keyword is used to de ne or rede ne a body in the most bast way (see also
\fbodY). Each body must have ve to seven surfaces to be mestable. However,
the number of recommended surfaces is six. The rst two surfees should be
the "top" and the "bottom" surfaces. For example,

gbod BOO1 NORM - S001 + S002 - S005 - S004 - S003 - S006

will create a body B001. The keyword "NORM" is a necessary plaeholder
for future functionallity but has no actual meaning. Next, follow the surfaces
with a sign "+" or "-" in front that indicates the orientation  of each surface.
These signs will be corrected automatically if necessary.f the an automatically

generated name is desired, then type!" instead of a name.

9.33 gonly
‘gonly" 'on'|'off'

This keyword is used to erase the contents of the menu area. 8etimes this is
useful for hardcopies.

9.34 graph

‘graph’ [<amplitude|*chars*> ‘amp' ['1]|
[<material[*chars*> 'mat' ['I]|
[<set|seg> 'length' ['+'-T]|
[<set>|'-p' 'nr'|time’|'descr'|<parameter-name> ->
[<Dataset-name> <entity-name>|<parameter-name> | ->
[<first-Dataset-Nr> <last-Dataset-Nr>] ]

This keyword is used to create time history plots of nodal valies. The values
of the pre-selected nodes stored in the referenced set willebwritten to a le
called "graph.out". A gnuplot command le will be written ca lled "graph.gnu”
and executed. The resulting le "graph.ps” will be automati cally displayed with
the postscript viewer. The default is "ghostview" but this can be changed in the
"cgx.h" le before the program is build. See also YHow to geneate a time-history plot]
for further details.

A set with the nodes of interest must be created (usually with\fadd) be-
fore a graph can be drawn. If the parameter | (length) is used & plot values
along the length of a set of nodes then this set should be of theequence type
(usually created with \gseq'):

graph seq length
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The length is calculated as the sum of the distances betweeruscessive nodes.
Un-ordered sets (as created with \qgadd") will be ordered in away that the
positive direction points away from the origin of the coordinate system. The
direction can be chosen with a '+' or - sign following the 'l ength' parameter
(‘+' is default).

Instead using existing nodes it is possible to use a line or aombined line
\CmBb' as a method to generate new locations for data-points The current
displayed results will be automatically mapped to this locaions and shown in
a 2D graph over the length of the line:

graph lineset length +

The set lineset stores a line. Since a '+' was given the graphtarts at the
beginning of the line. With a '-' it would start at the end of th e line.

Since version 1.8, there are two ways of operation. One way it® specify the
Datasets and the entity as parameters of the command

graph set time DISP D1

which will display the displacement D1 of nodes in "set" vs. te dataset-time of
all "DISP" Datasets. The rst and the last dataset can be sped ed optionally.

For the traditional way, a sequence of datasets must have beeselected (see
[Toggle Dataset Sequende). After the selection of the datasg an [Entity Jmust
be specied. Then, the user could use the graph command to gemate the
history-plot of this pre-de ned sequence. The command

graph set nr

will display the values on the node-positions vs. the datasenumbers. The
command

graph set time

will display the values on the node-positions vs. the datasevalues (usually time
or frequency, seé Nodal Results Blodk, parameter \VALUE")) and the command

graph set descr

will display the values on the node-positions vs. the datasedescription (only
makes sense if the description is a numerical value. Sée NddResulis BlocK),
parameter \TEXT", for the location of this data in the frd-1 e.

In addition, a second data- le is written "graph.out2" whic h stores the node-
number and the node-coordinates and all values at this nod@osition for all
datasets. This le can be used to display values over node-gitions, etc. It is
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up to the user to generate a suitable plot out of this data.

The "graph" les can be edited and combined. For example to pbt one type of
value vs. another type of value.

If an ccx- or Abaqus-input- le was read then it is also possibe to create
time history plots of the amplitudes (*AMPLITUDE in ccx) or t he material-
properties can be displayed (*MATERIAL in ccx):

graph amplitude-name amp
graph material-name mat

Wildcards (*) can be used to search for amplitudes or materi¢s of a certain
expression. They are listed with all values if the parameter\l" follows after
\amp" or \mat":

graph *N* amp |

lists all amplitudes which contain the 'N'-key in its name with all values.
The parameters related to datasets can also be displayed witthe graph
command:

graph -p time DISP HID

This command plots the nodal-diameters used in a cyclic symmtry calcula-
tion over the dataset-value. Only few parameters are written from ccx in frd-
format. Other applications might de ne its own parameters in frd-format (see
[Parameter Header Record for the format of a parameter recorfd If needed cgx
can also create this dataset parameters, see th¢ "Hs" commanon how to do it.

9.35 grpa
‘qrpa’

This command allows to assign elements to a group. The groupumber is an
element attribute used in the frd le. That way the user can read an result le,

de ne groups and store the results together with group-de nitions for further

use in case no ccx input le is available. One element can onlypelong to one
group. This command assigns a group number to certain elemés stored in a
given set. See[\Element De nition Blockl' how this applies to the result format

(frd).
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9.36 grps
‘grps

The result format (frd) allows to assign elements to a group.One element can
only belong to one group. This command creates sets and stasall elements of a

certain group in a certain set called \+grp[nr]". See \Element De nifion Block™
how this applies to the result format (frd).

9.37 gsur
‘gsur’ <name(char<9)>|'l" '+|-' 'BLEND|<nurbs>|<shape> '->
'+|-' <line|lcmb> '+|-' <linellcmb> .. (3-5 times)

This keyword is used to de ne or rede ne a surface in the most lasic way (see
alsorgsur). Each surface which is intended for a regular mestust have three
to ve edges which might consist of a single line or a combinedine (see[lcmb)
to be mesh-able. However, the recommend amount of edges isifo For example,

gsur S004 + BLEND - L002 + LOOE + LO06 - LOOC

will create the surface S004 with a mathematically positiveorientation indicated

by the "+" sign after the surface name. The keyword "BLEND" in dicates that
the interior of the surface will be de ned according to Coons[13] or a NURBS
surface (murs) or shape [(Shpe) is referenced. It should be mgoned that only

nurbs or shape related surfaces can be meshed with unstruated triangles. Use
a "+" or "-"in front of the lines or Icmbs to indicate the orien tation. These
signs will be corrected automatically if necessary. If the srface is intended for
an unstructured mesh it is not necessary to care about the coect orientation of

the lines and the number of edges is not limmited. If automatt name generation
is desired, then use " instead of a name.

9.38 gtol
‘gtol' [RETURN]|<auto>|<geometric-tol>

This keyword is used to enquire the default geometric tolerace:
gtol

Or it is used to recalculate the geometric tolerance:

gtol auto

Or it is used to set the geometric tolerance:

gtol 0.1

47



The mmerg command will recognize points or nodes as equally ¢ated when
the distance between them is less than gtol.
The command writes to the 'Stack’".

9.39 hcpy
‘hepy' ['ps'|'xwd'|'gif'|'png’]|[make [lIs]]|[clean] (d ef:xwd)

This keyword creates a hardcopy in one of the above formats. Efault is xwd.
Use the program "convert" to convert to other formats if needed.

hcpy ps

will create a ps le.
hcpy make Is

will bundle all ps les created in one le using the landscape(ls) format. The
Is parameter may be omitted. A maximum of six pictures is pla@d on each page.

hcpy clean

will remove all "hcpy" les. See also the commands "text", "{afl', "ds], "nm@x
and "mint which might be used in hcpy batch les. These commands should
be used in the shown order before using the "hcpy" command.

9.40 help
'help’

This keyword prints a short overview of all commands.

9.41 if
if <value>|<const> 'eq’|'ne'|'==""1="]'<'|'>' <valu e>|<const>

This keyword is used to compare two values (‘valu' or constabnumbers). If the
compare is True the following commands are executed. If theampare is False
the code after 'else’ is executed. Normal operation continas after 'endif':

if argl == arg2
will skip successive commands when the numerical value sted in 'argl' is
not equal to the numerical value stored in value 'arg2'. The \alues are locally

converted to ' oat' format for the numerical comparison. Th e 'eq' and 'ne' com-
pare strings and should not be used for numerical values sigcno conversion to
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a common format is done. Two strings are equal if they have thesame length
and all characters are equal.
See also whilé", \valul, \dtack™ and \How to run cgx in batch _modg".

9.42 int

int' <line> <line>

This command creates the intersection point between the twospeci ed lines.
The longer part of the given lines is kept. The shorter part wil be erased.

9.43 init

init" <internal parameters>

This command de nes the window and model size, the model poson, rotational
center, fonts and others. It is created and written to a le by the \&end
command. If that command changes the window dimensions andsiused in a
batch le, it has to be used in the rst line. Otherwhise the wi ndow dimensions
take only e ect after the batch le was completely parsed and executed. A
batch le could look like that::

read init.fbl

read ccx.frd new
ds 1 el

plot fv all

hcpy png
quit

If the window size will not change then the command can later @ executed.

9.44 Icmb

‘lemb’ <name(char<9)>|"" [+|-' <line> '+|-' <line> '+|- ">
<line>..(up to 14 lines)]|

[ADD' '+|-' <line> '+|-' <line> ->
+|-' <line>..(up to 14 lines)]

This keyword is used to de ne, extend or rede ne a combined lne (lcmb). Com-
bined lines are necessary if the edge of a surface should be aeaof more than
one line. Usually the user does not create Icmb's directly. ey are created
automatically during the process of de ning a surface with the commandgsuy.
There is no limitation to the number of lines in a combined line. However with
one command, not more than 14 lines can be specied at a time. @ specify
more than that or to extend an existing Icmb a modify command has to follow.
For example,
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lcmb U260 + U249 - U248 - U247 - U243 - U237 - U236 - U231 - U219

de nes the lcmb U260 with 8 lines and their orientation in the Icmb. The
following command

lcmb U260 ADD - U218 - U217

extends the Icmb U260 by two additional lines.

9.45 length
'length’ <set>

This keyword is used to calculate the length of all lines stoed in a set.
The command writes to the 'stack'".

9.46 line
'line' <name(char<9)>|'l" <p1> <p2> <cp|seq> <div> [<bias >]

This keyword is used to de ne or rede ne a line. A line dependson points. A
line can only be de ned if the necessary points are already deed. There are
three di erent types of lines available. The straight line

line 11 plp24

is de ned by: its name 11 (the name could have up to 8 charactes), by the
points p1 and p2 and optionally by the division. The arc

line! plp2cp4

needs a center point cp. The radius changes linear from p1 toJif the center-
point cp is excentric. The name is chosen automatically (trggered by the char-
acter !'). The spline

line 11 pl1 p2 seq 4

needs a so called sequential-set, seq (use the commandsegar \qsey]| to

de ne such a set). This set seq stores the spline points betvem the end-points
in the right order. The spline function is described in [15]. Usually, a line is
de ned interactively with \qfin™.]

9.47 Inor
Inor' <name|!> <pl> <p2> <p3> <length>

A new line normal to a plane de ned by three points and a lengthis created.
It starts at the last point.
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9.48 mata

'mata’ <Material-Nr> <set>

This keyword is used to assign a material-number to a set of ements. Currently,
this feature is only useful if the NASTRAN format is used. The material-number
is a numeric attribute assigned to each element of the mesh ahwill be stored
with the mesh in the frd-format or nastran-format (see[send) For example,

mata 7 part

assigns the material-number 7 to all elements in the set part Elements can
have just one material-number. The default number is 1. Thes numbers will
be saved with the mesh if the database is written to the le-system with the
command:

send all frd or send all nas

If the frd- le is used later, the material-number(s) are available immediately.

9.49 map

'map' <slave-set> <master-set> [ ->
['surf]|
['voluT]
[ x|ylzlx(ryrz] >
] 'ds'[<nr>]

This keyword is used to map (or interpolate) values from one nesh to another.
For example

map slave master surf dsl

will map the values from Dataset 1 to the nodes of set slave. Alavailable
datasets will be mapped if no number follows the \ds" parameer. The param-
eter \surf" is used for mapping of values from surface to surice (2D to 2D).
A typical application would be the mapping of pressure. The mrameter \volu"

triggers the mapping from a 3D mesh to another 3D mesh of the sae shape
(i.e. temperatures). The parameters \x,y,z" are used for mgping from 2D to

2D/3D in the indicated direction. The parameters \rx,ry,rz " are used for ro-
tational mapping of 2D to 2D/3D around the x,y,z-axis. The \m aster"-nodes
must belong to elements. Unconnected nodes are not allowedJsually the mas-
ter nodes (on which the values are known) were included fromraexternal result
le with the \r€ad"lcommand (with the parameter \add"). For f urther details
see [How to map Toads$" in the appendix.
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9.50 mats

‘mats’

This keyword is used to get an overview of all material numbes de ned. New
sets will be created for all material numbers of elements. Tls feature is usually
used if a mesh with mateial numbers was read. For example if aative-netgen
le [4] was read then this command will generate sets which ca be used to asign
boundary conditions.

9.51 max
'max' <value> ['f|i'|'e] [I''u]
This keyword is used to de ne the upper value of the scale in tle menu area

(see gure[d). The number representation can be changed be®en int, oat,exp.
For example

max 1100 i

will set the upper value to 1100 and the representation to ineger. A third

parameter "I" (lock) or "u" (unlock) can be provided which lo cks the scale to
certain max or min values. The selection of a di erent datasé will not change

the scale.

9.52 maxr

'maxr' <value> ['f|i'|'e] [l''u']
The functionallity of "max*1but one more color box is above th e speci ed value.
Due to rounding issures it can not be said to which of the adjaent boxes the
value belongs.
9.53 merg

'merg' 'n'|'e|'p'['Il'c'|'s' <set> <gtol> 'nolock’
This keyword is used to merge close points and nodes or equalte ned enti-
ties. The following entities are known: Nodes n, Elements ePoints p, Lines I,

Combined Lines ¢, Surfaces s. For example, to merge pointsétuded in the set
point-set type

merg p point-set
Only entities included in the set are considered. The value Wl determines the
maximum distance between merged nodes and points. The paragter nolock

will force merging even if the dependent entities, like lins, are degenerated
afterwards. For example, a degenerate line will have two ecal points.
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9.54 menu

'menu’ <name> <command>

This keyword is used to add a cgx command line to the menu. It wi appear
in the submenu 'user'. The command is usually a 'read’ commad which loads
and executes a le with cgx commands:

menu checkbou read cb

were 'cb' is a value ([valul') which stores the path to a le to ¢ heck bound-
ary conditions. The le could have been used diredtly but ushg a value is
convenient since it is then possible to start the same actiorwith a quite short
command line (‘ftead cb") instead of typing the full le name. This commands
are usually stored in a \.cgx" le in the home directory to lin k them to the
menu during startup.

9.55 mesh

'mesh’ <set> ['fast] [tet' <size>|'block’|->
'lonly'|'nolength’|'noangle’|'length’|'angle’]

This keyword is used to start the meshing of the model. beforaising the mesh
command, the element types must be de ned with the[elty commad. Existing
elements will not be deleted. Therefore, its possible to sta cgx in the viewing
mode (-v) with a mesh alone, and then create bodies and Il then with addi-
tional elements. To delete a mesh use the commarid del mesh. eséhe command
"BEend" to describe areas for boundary-conditions.

In case a blocked grid for cfd-calculations should be geneted, use the ad-
ditional parameter "block™:

mesh setname block

see also the section["Remarks Concerning Duns and Isdac".

The mesh optimizer for structured elements is controlled wih the additional
parameters "nolength" and "noangle". These parameters swich o length and
angle optimizations of elements. The parameter "fast" suppesses the Nurbs-
based meshing and uses the fast coons-algorithm for surfaceeshing.

Usually all elements are generated in a structured way. Thatmeans that no
holes in a surface or volume are permitted. The only exceptio are the element
types "tr3u™ and "tréu”. This types are generated in an unstr uctured way using
the mesher from [14]. In this case, holes are permitted and ausface coming
from a cad system should be meshable. These surfaces MUST egdnce a given
NURBS-surface or a shape to be meshable (if they are plane, &ape will be
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genrated atomatically). This is usually the case if the datais derived from a
cad-system with the interface-program (vda2fbd). If NETGEN [4] is installed
and if the elements form a closed volume they can be used to gerate a tet mesh:

mesh set-with-trias tet
or
mesh set-with-trias tet <element-target-size>

This is a second method to generate tets. The other one is to es\Elty] to
asign tet-elements to bodies.

9.56 mids
'mids' <set> [lin'|'gen’|'rem’]

This keyword is used correct the midside node-position of lgher order elements
stored in a set. It is performed automatically if a new mesh iscreated or if
nodes are projected to target surfaces. The correction wiluse a circular track
de ned by the corner-nodes and the midside node. With the paameter "lin,"
the corrected position is halfway between the corner-nodefor all inner nodes.
Nodes on the surface are not a ected by the lin option. The "ge" option will
generate midside nodes for linear elements like he8 or te4. hE "rem" option
will remove midside nodes from the element formulation but he nodes are not
deleted. The nodes are stored in a new set called "-delete” ahthe user might

"gap|’ this set.

9.57 min
'min' <value> [f]i'|'e] [I'l'u]

This keyword is used to de ne the lower value in the scale in tle menu area (see
gure £). The number representation can be changed betweemt, oat,exp. For
example

max 1100 i
will set the upper value to 1100 and the representation to ineger. A third
parameter "I" (lock) or "u" (unlock) can be provided which lo cks the scale to

certain max or min values. The selection of a di erent datasé will not change
the scale.

9.58 minr

'minr' <value> ['f|i''e] [1'u]
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The functionallity of "rin™lbut one more color box is below th e speci ed value.
Due to rounding issures it can not be said to which of the adjaent boxes the
value belongs.

9.59 minus
'minus’ 'n'|'e’'p|'T's'I'b|I'S|'L'|'sh* <set>

This keyword is used to remove entities of a set from the scree(see alsq plus).
The following entities are known:

Nodes n, Elements e, Points p, Lines |, Surfaces s, Bodies b,ukb Surfaces
S, Nurb Lines L and Shapes sh

Only the set which was used to display the entities can be usedo remove
them.

9.60 mm
'mm' <value> ['f|i']'e] [I''u]

This keyword combines the functionallity of the commandsmmm and [minlin one
command. The minimum value is set to -max.

9.61 move

'move’ <set> ['scal' <fx> <fy> <fz> <pnt>]|

[tra' <dx> <dy> <dz>]|
[rot' [<pl> [<p2>]|[X|y'[Z]] |

XYz <alfa> |

[<alfal> <ax1> <alfa2> <ax2>]]|
[rad" [<p1> [<p2>]|[XY'ZT] |[XTY''2] |

‘p'<pnt> <dr>] | [<drl> <ax1> <dr2> <ax2>]

['nor' <dr>]|
[equ' <trgt-set> [<tol>]]|
[mir' <P1> <P2>]

This keyword is used to move nodes or points which are storechia set. Re-
lated entities will be moved as well (Warning: results are n¢ a ected by this
command, they are unchanged). For example to move a line it i:iecessary to
include their points in a set (segcomp). Several transformigons are available:

For example scal will scale the entities of the set, the scalig factors fx, fy,
fz can be chosen independently and a reference point can beads

move part scal 2
move part scal 1 1 2
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move part scal 2 PO
move part scal 1 1 2 PO

tra will move it away by the vector dx, dy, dz,
move all tra 10 20 30

rot will move it around the axis de ned by the points p1 and p2 (or the axis
X,y,z) by alfa degrees,

move all rot pO px 20.

rad will move it radially to the x-, y- or z-axis (or two points as above) or
to a single point,

move cylinder rad x 20.
move sphere rad pPO 10.

The axis for the rad or rot commands can also be speci ed by ongoint and on
main-axis (x|y|z) as shown in the following example:

move all rot P y 20.
The change in length or angle might be interpolated for the ral or rot cases:
move set rad x 1. 120. 2. 140.

The number 1 speci es the radial change around x at 120 lengthunits along the
x-axis and 2 is the change at 140 length units,

nor will move nodes away in the direction of averaged normal dcal vector.
Associated element faces must exist. Eventually use the[™ndiS" command to
correct the midside node position of higher order elements,

move set nor 1.2 a

With parameter equ points will be moved to their nearest neidhbour in set
\trgt-set" as long as the neighbour is not more than 0.01 units away:

move slave-set equ trgt-set 0.01
mir will mirror the set. The mirror-plane is placed normal to the direction

running from P1 to P2 and placed at P2, or de ned by a point and a main-axis
(Xly|z) as shown in the following example:
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move part mir Py

9.62 movi

'movi' [delay <sec>]|[start]|[stop]|
[frames [‘auto|[<nr> [<epilogFile>]]]|
[make [<pic-nr> <pic-nr> [<prolog.gif>]]]|
[clean]

This keyword is used to start or stop the recording of a movie.After "start" all
frames will be stored in single gif les until the "stop” command is issued. Use
the option "make" to assemble the movie from the individual les. The range
consists of the nr of the rst and last picture to be used. An exsting movie will
be copied in front of a range of frames if its name is given. Wh the option
"delay," a time-delay (in seconds) between frames can be speed. With the
option "clean," all single gif- les will be erased.

Below is an example command sequence. Do not use this sequena a le
since the start and stop commands will be executed without dity (see option
‘frames' for use in a command le):

movi delay 0.01

movi start

(let the program run until all frames are recorded)

movi stop

movi make

(or if a certain movie should be extended by the first 500 fram es:)
movi make 1 500 prolog.gif

movi clean

When using the \frames" option the recording starts and a given nr of frames will
be recorded before the recording stops atomatically. In cas were an animation
of a mode shape or a sequence of datasets should be recorderhight be usefull
to use the argument 'auto’ instead of a speci ¢ nr of frames. Wth the 'auto’

functionallity the program determines how much frames are meded to cover
one period of frames and this period is then recorded. The 'nie' and 'clean’
functionallity is included in the ‘auto’ mode. The ‘auto’ mo de requires that the
animation or the sequence is de ned and started with the nextcommand line

(see [d3"):

anim real
movi frames auto
ds 3 eh 7

There is a second method available when successive commarafter the record-
ing of a given number of frames are needed:

movi frames 90 epilogCommandFile.fbl
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This command must be the last command in an eventual command le. After
90 frames the given le 'epilogCommandFile.fbl' will be executed (the records
are interpreted as cgx commands).

Further remarks in "How to change the format of the movie Te] . See also the

menu options '[Start Recording Gif-Movie]'.
9.63 msg

'msg’ ‘on|off'

This keyword is used to enable or disable full printout during runtime. This is
useful for debugging purposes. The default is "o ".

9.64 mshp

'mshp' <name> 's'|'b' <element-type-nr> <element-attr-n r> <density>|<size>
This keyword is used to set the mesh parameters for individuasurfaces and
bodies:

mshp A001 s 8 -1 2.074

sets the lement type to 8 (please see["Element Typés" for a keyo the ele-
ment numbers) and the attribute to -1 (tr6u) and the mesh densty to 2.074

(mesh re nement). For sets of surfaces or bodies thg elfy comand must be
used. The attributes are integer values with the following neaning:

-1: unstructured mesh tr3u (-2 for mesh with libGLu tr3g )
. default
: reduced integration he8r he20r
. incompatible modes he8i
: DASHPOTA be2d

0
1
2
3
4: plane strain (CPE) tr3e tr6e qu4e qu8e
5: plane stress (CPS) tr3s

6: axisymmetric (CAX) tr3c

7: uid he8f

8: tetlOm

14: reduced integration, plane strain (CPE)
15: reduced integration, plane stress (CPS)

16: reduced integration, axisymmetric (CAX)
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9.65 node

'node’ <nr|!> [<x> <y> <z>]|
[V' <value> [<value> .. ]]

This keyword is used to de ne or rede ne a node. For example
node 23580 10. 0. 1.

de nes a node with the number 23580 at the position x=10, y=0, z=1. If the
an automatically generated name is desired, then type I'" instead of a name.

The values of the selected (current) dataset of a given nodeam be manipu-
lated by using the option 'v":

node 23580 v 1.1 2.1 3.3

rede ne the rst three entities to the above values of the sekcted dataset. The
maximum number of entities is determined by the de nition of the dataset. See
also '[dd" on how to select or generate a new dataset or on how tmanipulate

entities of the selected dataset.

9.66 norm

'norm' <set>

This keyword is used to evaluate the normal direction of nods stored in the
given set. Of course the node must be referenced by faces. Themmand writes
the normal direction of nodes to the konsole. The user might ®re this values
on the stack for further use (see als@ sfadk and valu).

9.67 nurl

'nurl’ <name(char9)>|'l" [DEFINE' [[COMPACT] ->
<pstart> <pend> <deg> <npnt> <nknt> <div>]|
[CONTROL' <index> [<pnt>|<x y z>] <weight>]|
[KNOT' <index> <value>]|
[END

This keyword is used to de ne a nurbs line. So far, this commad is only used
to read a nurbs-line de nition. Nurbs lines are converted atomatically into
a spline. Nurbs lines can be displayed but not saved. There artwo possible
ways of de nition. Either by using prede ned point-names or by specifying the
coordinates explicitly. When the coordinates are de ned, he parameter "COM-
PACT" must be used as shown above. When the point names are usde then
"COMPACT" must be omitted. CAD-interfaces might use this fu nctionality.
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9.68 nurs

'nurs' [<name(char9)>|"" [DEFINE' [COMPACT] ->
<u.deg> <v.deg> <u.npnt> <v.npnt> <u.nknt> <v.nknt>]|
[CONTROL' <u.index> <v.index> [<pnt>|<x y z>] ->
<weight>]|
[KNOT' <U>|<V> <index> <value>]|
[ENDTY] |
[ <I> <sethame(containing surfaces)>]

This keyword is used to de ne a nurbs shape. Surfaces might @snurbs to de ne
the interior geometry. There are two possible ways of de niion. The rst using
prede ned point names and the second by specifying the cooidates explicitly.
When the coordinates are de ned, then the parameter "COMPACT" must be
used as shown above but when point names are used, then "COMRAT" must
be omitted. CAD-interfaces might use this functionality.

REMARK: The knot-vector has to have a multiplicity of \degre e+1".

There is also a small nurbs-building capability in cgx. It is possible to use
existing surfaces (with 4 edges) which do not already referee a given nurbs or
shape. The new nurbs will follow the Coons-algorithm but canbe modi ed by

moving the control points. NOTE: The number of control point s is controlled
by the divisions of the lines de ning the surface edges. Thewfaces must be
stored in a set. For example,

nurs ! surfaceSet

will de ne nurbs for all surfaces stored in the set surfaceSe This nurbs can be
used to de ne the interiour of other surfaces. This is necessy if \tr3u” ele-
ments (unstructured triangles) should be used and if the suface is not related
to a given shape. Note: fgsur” o ers another option to create nurbs related sur-
faces by associating existing surfaces to an overlapping sting NURBS. The
interiour of the surface is then de ned by the NURBS.

Remark: Internally nurbs are always linked by a shape to a suface de ni-
tion. Such a shape will be automatically generated when a nus is nished by
the \END" parameter using the same name as the nurbs. This shpes will not
be written to a le but using the prat gommand will list them:

shpe NOO1 NURS N001

9.69 ori

‘ori' <set>

This keyword is used to trigger the orientation of the entities. This is done
automatically and it should never be necessary to use it manally.
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9.70 plot
‘plot’ ['n'|'e’|T'p'['T|'s'Ib|'S'I'L'|'sh’|'si &>
[ald]plq]t|v] >
<set> ['WK[Tr'g''bYy|'m|'n''t] [<width>]
This keyword is used to display the entities of a set. Entities already visible will
be erased. The following types of entities are known:

Nodes n, Elements e, Faces f, Points p, Lines I, Surfaces s, &es b, Nurbs
Surfaces S, Nurbs Lines L, Shapes sh and the shaded (illumitead) surfaces si

The entities can be displayed in the following colors:

White w, Black k, Red r, Green g, Blue b, Yellow y, Magenta m, Nickel 'n'
(metallic grey) and turquois t

To display the entities with attributes, use the type in combination with an
attribute (second letter). For example

plot la all

will display all lines with their names. The attribute d work s only for lines,
plot Id all

will display all lines with their division and bias (see [bid). The division is
given by the numbers (1-99) following the# sign and the bias by the leading
numbers. If there is more than one number in front of the divison, the number
has to be divided by a factor of ten to get the bias (10#30 means a bias of 10.1
and a div of 30). Also, the attribute p works only for lines. In this case the
lines with its end-points are drawn:

plot Ip all

This is useful to detect the begin and end of all lines. If endroints are deleted,
the line is also deleted. Therefore special care with end-piats is necessary.
Shaded surfaces

plot si all

can only be displayed if the interiour was previously calcudted, which is done
with the command \[epj. The attribute t applies only to nodes and will display

only the ones which have attached texts:

plot nt all
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will display only the nodes which have attached texts out of the set ‘all'. They
are created with 'fgadd’, "gerql' or "@itxt] The attribute \wi  dth" determines
the number of pixels used for the thickness of the entity (ponts, nodes, lines):

plot | all 4

will display all lines with a width of 4 pixels. This works also for 2D faces
and beams.

The attribute q works only for elements. With this attribute , only elements
which do not pass the element-quality check are displayed:

plot eq all

The threshold for the element-quality is de ned with "¢qalf . The attribute
v works only for nodes,

plot nv setl

will display the nodes in set setl with their values. This is aly meaningful
in post-processing mode (see_Dafaséts how to assign values modes). To plot
additional entities, see[plus.

9.71 plus
‘plus’ ['n''e’'T'p|'T's'I'D|I'S'I'L|'sh’|'si & ->
[aldiplq]t]v] ->
<set> ['W/|'K[r|'g|Dy|'m|'n|t] [<width>]

This keyword is used to display the entities of an additional set after a[plof
command was used (see aldo minus). Further details are expieed in section

9.72 pnt

'‘pnt" <name(char<9)>|"" [<x> <y> <z>]|
[<line> <ratio> <times>]|
[«P1> <P2> <ratio> <times>]|
[<setname(containing nodes)>]

This keyword is used to de ne or rede ne a point. There are fou possibilities
to de ne a point. To de ne a point just with coordinates:

pnt pl 11 1.2 34

or,
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pnt ! 11 1.2 34

where the name is chosen automatically. It is also possibleot create points
on a line or in the direction from P1 to P2 by de ning a spacing (ratio) and
number-of-points:

pnt! L10.253
or
pnt ! P1P20.253

will create 3 new points at the positions 0.25, 0.5 and 0.75 thes the length
of the line or the distance from P1 to P2, and it is also possil® to create points
on the positions of existing nodes. The command

pnt ! set

will create new points on the positions of the nodes includedn the specied
set. Usually when points are de ned interactive the commandgpni]is used.

9.73 prnt

'‘prnt’ ['se’|'sq" <RETURN]|set|*chars*> [range']]|
[n']'e" <set|*chars*> 'range’|
(e’ e |TI'sTh LS TV <entity>]|
[[amp' <RETURN|amplitude|*chars*>]|
[mat’ <RETURN|material|*chars*>]|
[par’ <RETURN|parameter>]|
[eq" <set>]|
['st ['si]l
[in]|

['usr]

This keyword is used to print entity-de nitions. The follow ing entities are
known:

Nodes n, Elements e, Faces f, Points p, Lines |, Surfaces s, &es b, Nurb
Lines L, Nurb Surfaces S, Values v, Sets se and Sequences sq

To see all known sets, type:

prnt se

Or type
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prnt sq

to see all known sequential sets (sequences: Sets which maim the history
of entity selection). Wildcards (*) can be used to search forsetnames of a cer-
tain expression. In this case all sets matching the expressin will be listed:

prnt se N*

lists all sets starting with 'N'. To see the contents of a specc set, type

prnt se setName

In case the YstacK" was activated the value and the coordinages of stored nodes
are written to the stack. The content of the stack can be listal with:

prnt st

The index and the value are written. The value with the highed index is

addressed next. The number of stack entries (the size) can benquired (and

written to the stack) with:

prnt st si

A model summary (info) is listed with:

prnt in

which will list the number of mesh- and geometric entities. h addition it lists

the hidden entity 'edge’ which are the free element edges. Tis number has to be

zero in case of a closed surface triangulation which is reqgud for tet-meshing.
To print the de nition of a line, type:

prnt | lineName

An eventually assigned alias name for a given entity can be ejuired with a
leading question mark:

prnt | ?lineName

For elements and nodes is an additional parameter \range" asilabe. In this
case the range of node- or element-numbers will be displayddhax and min nr)
and holes in the numbering are detected:

prnt n setname range

If an ccx- or abaqus-input- le was read then it is also possile to print the
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amplitudes (*AMPLITUDE in ccx) or the material-proppertie s (*MATERIAL
in ccx), wildcards (*) can be used:

prnt amp amplitude-name

prnt mat material-name

If an ccx result le was read then the user headers (meta data)

prnt usr

and parameters of each dataset can be listed and written to tke stack with either
prnt par

to list all parameters of the active dataset or a single one ke for example
prnt par STEP

can be listed and written to the stack (seestack).
The element quality is checked by using

prnt eq setName

The failed elements are stored in set \-NJBY". See [egdl" on ow to set the
criterions.

Several other but not all parameters of this command writes b the "Eiack!'.

9.74 proj

'‘proj' <set> <target-set>|<shpe> ->
[tra’ <dx> <dy> <dz> <offset> [<tol>]]|
[rot' <pl> <p2> <offset> [<tol>]]|
[rot" X'|'y'|'z" <offset> [<tol>]]|
[rad'" <pl> <p2> <offset> [<tol>]]|
[rad" X'|'y'|'z" <offset> [<tol>]]|
[nor' <offset> [<tol>] ]

This keyword is used to project points (with all related geonetry) or nodes onto
a set of surfaces or element-faces. Alternative a shape caretspeci ed as the
target. In consequence the set with the entities which shod be moved must
contain nodes and/or points and the target-set must contain surfaces and/or
element-faces.

Several transformations are available. For example tra wil move points in
the direction of the vector dx, dy, dz onto elements or surfaes included in set2.
Alternatively an o set could be speci ed as well,
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proj setl set2 tra 0. 0.5 0.7

rot will move points around the axis de ned by the points p1 and p2 or around
the x,y,z axis onto elements or surfaces included in set2,

proj setl set2 rot pO px

rad will move points radial to the axis de ned by the points pl and p2 or
radial to the x-, y- or z-axis onto elements or surfaces inclded in set2. Alterna-
tively a set of lines could be used instead of surfaces as tharget-set. Then the
geometry will be moved onto an imaginary rotational surfacede ned by these
lines,

proj setl set2 rad x

nor will move points in a direction normal to the target surface onto surfaces
included in set2. An o set might be speci ed:

proj setl set2 nor 0.7
If a point does not hit any surface from the target-set, then t will not be
moved. A tolerance can be specied for the projections. No pojection takes

place if the target surface is farther away as this value de res:

proj setl set2 nor 0.7 10.

9.75 gadd
'‘gadd' <set|seq> [t'<value>] RETURN ->
<wlalifrnlelt|pT) >

SIBYS LN M q]'sTt u>

This keyword is used to add entities to a set. See alsdo séta. Ba set will not
keep the sequence in which the entities were selected. Useggeor the command
\gseq" if the order of the selected entities has to be kept.

After an entitiy was selected you get certain informations @out the entity.
If the node which belongs to the maximum or minimum value in a @rtain area
has to be stored in a set you might use the same key-strokes agstribed for
the command '[gerg".

To catch more than one entity with one stroke, type "a" (all) at rst. Then
create a rectangular picking area by pressing two times ther" key. Both strokes
de ne opposite corners of the selection-rectangle. To cattonly the entity which
is closest to the user type "i" before.
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Then move the mouse pointer over the entity(s) and press onefdhe following
keys, for Nodes n, Elements e, Faces f, Points p, Lines |, Sates s, Bodies b,
Nurb Surfaces S, node attached texts t and for Nurb Lines L.

If faces f of a certain area have to be selected, the user mighgpecify a
tolerance-value which restricts the deviation of the norma vectors of faces from
the selected face. As long as the deviation is below the spesil value (in de-
grees) all adjacent faces will be selected in a loop:

gadd areaset t25

Press "g" to quit the command.

Itis also possible to measure distances between two pixelsidthe screen. Just
press the key "w" on the positions of the two pixels. The distance is calculated
in the scale of the displayed geometry.

9.76 qali
'gali' RETURN 'w'['p'I'n'['q’

This keyword is used to align a plane de ned by three points ornodes with the
screen (working plane). This is useful if a point or a node shald be moved
manually along a de ned plane (se¢ qprt). To de ne the plane nove the mouse
pointer over the rst entity and press "n" if its anode ora"p" ifits a point. Then
de ne the next two entities in the same way. Press "g" to quit the command.
It is also possible to measure distances between two pixelsahe screen. Just
press the key "w" on the positions of the two pixels. The distaice is calculated

in the scale of the displayed geometry.

9.77 qbia
'gbia’ RETURN 'w'['a’|'i|'c'1-'9'' 10" 99''q’

This keyword is used to change the bias of a line. The bias de as a coarsening
or re nement of the mesh along a line. The number de nes the radio of the
length of the rst element to the length of the last element at a given line. It
works by pressing a number between 1 and 9 when the mouse poetis at the
position of a line. To de ne numbers between 10 and 99 press #hspace bar when
the mouse pointer is at the position of a line and then the numler. To select
more than one line with one stroke, type "a" before and createa rectangular
picking area by pressing two times the "r" key. Both strokes de ne opposite
corners of the rectangle. To select only one line type "i" befre. Press "c" to
change the direction of the bias. Press "g" to quit the commanl (see alsé bih).

9.78 (gbod
'gbod’ <name>(optional) RETURN ‘w'['b''a|i|'|'s' l'g'|
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alu
This keyword is used to create a body (see alsp_gbpd ar[d boldy)The user
might specify a name in the command-line or by picking an exisng body with
the key "b". Otherwise the program chooses an unused name. lis possible to
create the body out of ve to seven surfaces which are neededtde ne a body
or just of two opposite surfaces, but then these two surfacemust be connected
on their corner points by lines. To be more precise only sing lines or existing
combined lines [[cmB) will be detected. If a combined line wald be necessary
but does not exist then the user should de ne a surface usinghis lines which
will create the necessary combined-line. Other missed swates will be created
automatically. To catch more than one surface with one strole, type "a" before
and create a rectangular picking area by pressing two timeshe "r" key. Both
strokes de ne opposite corners of the rectangle. Type "s" toselect surfaces. To
catch surfaces individually type "i" before (its also the default). After selecting
exactly six or two opposite surfaces press "g" to generate th body. Press "q"
to quit the command or "u" to undo the last action.

It is also possible to measure distances between two pixel®©idhe screen. Just
press the key "w" on the positions of the two pixels. The distace is calculated
in the scale of the displayed geometry.

9.79 qcnt
‘gent’ RETURN 'w'|'n’''p'

This keyword is used to de ne a new center-point or -node by pessing "n" or
"p" when the mouse pointer is at the position of a node or a poin.

Itis also possible to measure distances between two pixelsighe screen. Just
press the key "w" on the positions of the two pixels. The distace is calculated
in the scale of the displayed geometry.

9.80 gcut
‘geut’ RETURN ‘w'|'q'|'n’'|'p'|'u'|'V'

This keyword is used to de ne a cutting plane trough elementsto visualize
internal results (see gure[H). The plane is de ned either by picking three nodes
(select with key \n") or points (select with key \p"), or, in ¢ ase a dataset-entity
of a vector was already selected, by just one node (select witkey \v*). The
cutting plane is then determined by the direction of the vector (displacements,
worstPS ..). Be aware of the key \u" (undo) to return to the un- cutted structure.
See also ['cut" for the command-line function.

It is also possible to measure distances between two pixel®©idhe screen. Just
press the key "w" on the positions of the two pixels. The distance is calculated
in the scale of the displayed geometry.
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Figure 5: gcut: A section through a model de ned by three node

9.81 qdel
'qdel’ RETURN 'w'[a|i'|'r|'p|T|'s'|b'|'S'|'L’ I'h'|'q’

This keyword is used to delete entities (see aldo del). Higheentities (depending
ones) will be deleted to. To delete more than one entity with me stroke, type
"a" before and create a rectangular picking area by pressingwo times the "r"
key. Both strokes de ne opposite corners of the rectangle. @ delete only one
entity type "i" before. Press "g" to quit the command.

Itis also possible to measure distances between two pixelsdhe screen. Just
press the key "w" on the positions of the two pixels. The distace is calculated

in the scale of the displayed geometry.

9.82 qdis
'qdis' RETURN 'w'|'¢''n''p'|'q’

This keyword is used to measure distances between two nodes points. Move
the mouse pointer over one entity and press the following keyfor a node n, for
a point p or for a center point c. If the key ¢ was pressed then tk distance
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between the two nodes or points are given in cylindrical coatinates. Here Icir is
the length of the arc da the angle dr is r2-r1. If no center poih was chosen then
the distance and its xyz components are given in the Cartesia system. But in

addition the cylindrical distances around the origin and around the xyz-axis are
also given. Press "q" to quit the command.

dist: global distance

dx, dy,dz: distance in the three Cartesian directions
da: global angle

dax, day, daz: angle around X, v, z

dr: global radius di erence

drx, dry, drz: radius di erence around X, y, z

Itis also possible to measure distances between two pixelsdhe screen. Just
press the key "w" on the positions of the two pixels. The distace is calculated
in the scale of the displayed geometry.

9.83 qdiv
'gqdiv' RETURN 'w'l'a||'1-'9'|" 10-" 99'|'q’

This keyword is used to change the division of a line by presag a number
between 1 and 9 when the mouse pointer is at the position of arie (see also
[div). To de ne numbers between 10 and 99 press the space bar veh the mouse
pointer is at the position of a line and then the number. To sekct more than
one line with one stroke, type "a" before and create a rectanglar picking area
by pressing two times the "r" key. Both strokes de ne opposite corners of
the rectangle. To select only one line type "i" before. Press'q" to quit the
command. General rules are described in[("div".

Itis also possible to measure distances between two pixelsidhe screen. Just
press the key "w" on the positions of the two pixels. The distace is calculated
in the scale of the displayed geometry.

9.84 qgenq
'geng’ RETURN 'w'|'a|'i|r|'n''e'f'p'|1]'s' |->
bTSTLIR MUVt

This keyword is used to gain information about entities. It is especially useful
to get the values on particular nodes.

If the maximum or minimum value in a certain area has to be seathed
type rst \m" to go in the max/min mode and create a rectangula r picking
area by pressing two times the "r" key. Both strokes de ne opposite corners of
the selection-rectangle. Then the key \h" (high) to search the node with the

70



maximum value. The minimum is searched with \I" (low). The search-result is
then shown in the xterm and also attached to the node. With the\u" key the

last search result can be deleted (\undo"). The 't'-key changes into the \qtxt"-

mode. The '[Gixt] functionallity is now available which allo ws to manipulate
the node-attached-string and its position on the screen. Us 'lgadd" instead of
\genq" if you need to save the node in a set for further use.

To catch more than one entity with one stroke, type "a" (all) b efore and
create a rectangular picking area by pressing two times the " key. Both
strokes de ne opposite corners of the rectangle. To catch dg the entity which
is closest to the user type "i" before.

Then move the mouse pointer over the entity(s) and press onefdhe following
keys, for Nodes n, Elements e, Faces f, Points p, Lines |, Sates s, Bodies b,
Nurb Surfaces S and for Nurb Lines L.

The position of nodes or points are given in Cartesian and cyhdrical co-
ordinates (see gure[B, axyz are the 3 angles around x,y and zxyz are the 3
radii around x, y and z). In a second row the sets to which the ptked entity
belongs are listed.

Press "g" to quit the command.

Itis also possible to measure distances between two pixelsidhe screen. Just
press the key "w" on the positions of the two pixels. The distace is calculated
in the scale of the displayed geometry.

X

ax

Iz

Iy

ay

X

Figure 6: genq: De nition of the cylindrical system
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9.85 ql
‘il <radius> RETURN ‘w/|l|'q’

The command creates a llet line (a radius) between two lineswho intersect.
After the command-name the value for the llet-radius has to be speci ed. Then
for each pair of selected lines a llet of this value will be ceated. Select lines
with the "I"-key. Press "g" to quit the command. Currently it works only for
straight lines. A curved line can be split and the part which should be used for
the llet can be transformed to a straight form with the "dfin_]' command ("s"
and "X" key-strokes). Figure [7] shows on the right side the intial situation and
on the left side the created llet. The command has also shifed point PO02 to
the left. Always the end-point of the rst selected line closest to the intersection

is moved. The second line gets a new end-point.

002

Figure 7: g l: Based on two intersecting lines a llet is created

9.86 qgp
‘gflp’ RETURN ‘w'|'e’l's''a|'"|'q’
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This keyword is used to invert the outer- and inner side (the agientation) of
shell-elements and surfaces. The orientation of shell-afeents or surfaces can be
seen by the interior color. The outer face re ects light, if the face is dark-grey
it is the back-side. If "[Toggle Culling Back/Front"| was selected before then
both sides are illuminated. To ip the orientation of a surface and all related
shell-elements select either a shell-element with the "e" &y or if the illuminated
surfaces are displayed (seetrgp" how to do that) select the wwface with the
"s" key. To see the e ect on the elements immediatelly they must have been
displayed with the "plof] command. If only elements are in the database ip
them with the "e" key. The "a" key has a di erent meaning than u sually. If
pressed before a selection then a so called auto mode is acitigd. It makes sense
for volumes were a vector pointing in or out can be determinedor all surfaces.
In this case all related surfaces (and embedded elements) eroriented in the
same way as the selected one. It works only in situations werenly two surfaces
share a common edge. This is the case for volumes without innesurfaces or
a 2D model. In case of a volume all surface normals will pointigher inwards
or outwards, depending on the orientation of the selected stiace. Press "q" to
quit the command.

Itis also possible to measure distances between two pixelsidhe screen. Just
press the key "w" on the positions of the two pixels. The distace is calculated
in the scale of the displayed geometry.

9.87 qint
'gint’ RETURN 'w'['l''q’

This keyword is used to extend two lines to their intersecting location. The
end-points of the two lines are moved to the intersecting loation but they
are not merged. Use the [Trrerg" command to merge duplicate paits. Only
straight lines are supported. Select lines with the "I"-key. Press "q" to quit the
command.

9.88 (¢lin

'glin' <name>(optional) RETURN ‘w'|'b'|'c'|'e'|'g'|'! ['m’|'p'|->
CIETITER

This keyword is used to create a sequence of lines (or just onsee alsd_Iink).
The user might specify a name in the command-line or by pickig an existing
line with the key "I". In this case an existing line might be rede ned without
destroying related geometries.

To start a sequence of lines move the mouse pointer over a pdiand press
the key "b" (begin).

To de ne just a straight line go to the end point and press "g" (generate).
This point is also the starting point for the next line. So no "b" is necessary for
the next line.
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If the line is a sequential line (spline) then the points of the sequence must
be de ned with the key "t" in the correct order, but the last po int must be
selected with the key "g".

If the line is an arc then the center point must be selected wih the "c" key
or one point on the line between the end-points must be seleetd with the "m"
key, but the last point must be selected with the key "g".

In case you need to split a line during the process, you can dohat by
pressing the "s" key.

When you want to modify the length then pick an existing line with the key
"I" and then the endpoint you want to move with the key "p". The displacement
is requested and the point is moved in the direction of the lire by the speci ed
displacement.

The "x" key will transform the line into a straight line.

One quite usefull function for cad-based surfaces is trigged by the "e"-
key (exchange). This allows to modify an existing surface(gur). With that
command a line or a line sequence in EIcnib can be exchanged Wyet previous
selected (\I" key) or generated line. For example one edge adn already existing
surface uses a lcmb but the user wants to replace it by a splinéine) then the
user de nes or selects the new spline and then moves the mougean area were
one of the old lines (the new one might be present as well) is éated and presses
the "e" key. The de nition of the Icmb will be changed without destroying the
surface-de nition.

Press "g" to quit the command or "u" to delete the last created line.

Itis also possible to measure distances between two pixelsidhe screen. Just
press the key "w" on the positions of the two pixels. The distace is calculated
in the scale of the displayed geometry.

9.89 gmsh
'gmsh' RETURN ‘i'|a’|'e|'f|'V|'n|I|'c|'s'|'m’ ['d''h|t]g"

A very usefull command to optimize surface meshes as a basierftet-meshes.
Line divisions can be changed by selecting a line with the \I"key and then a
number as for[qdij. The mesh will be updated automatically.

Based on identi ed lines \I'" or surfaces \s" meshes can be coesened 't
re ned 'h', deleted \d" and generated \m". Surfaces can be cambined \c" to
get rid of very small ones and splitted 'b'.

To change the mesh density along a line:

Identify a line or several lines with key \I". The related surfaces are
selected.

The line division is changed by pressing the key with the desed num-
ber. This function of gmsh works like the command. The related
surfaces are automatically re-meshed.
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Example for a surface combination:
Identify a line with key \I". The related surfaces are selected.

Or identify two adjacent surfaces with key \s" or by selecting two single
elements \e" one for each surface. They must use the same liseat the
junction.

To combine the two selected surfaces press key \c" (Attentio: The sur-
face with the longer perimeter must reference a shape (a nug)). In the
moment an automatic adaption of the embedded shape or nurbssi not
done. The shape of the bigger surface is just used for the cormed sur-
face. It might be necessary to use a mapped mesh for the new gace
if the embedded shape is too small ( use tr6 instead of tr6u, sdelty] or
mshp).

A surface (only without holes!) can be splitted by a crossingline:
First create the desired splitting line, for example with \§Tin}.
Type \gmsh" and identify the line with key \I".
Identify the surface with key \s" or by selecting a single elenent \e".

Press key \b" to break (split) the surface in two. The previously selected
line will be converted to a spline with as much control points as the line
division. Then the line-points are projeted to the surface.

To change the mesh density in a selected surface:

Select one or more surfaces with key \s" or by selecting linedl" or by
selecting a single element \e".

Press \h" (higher) to increase the mesh density or \t" (thinn er) to de-
crease.

This keyword can be used to manually de ne elements. The key h" selects
nodes and the key \f" or \v" generate a surface or volume elemat based on the
node-selection.

To catch more than one entity with one stroke, type "a" (all) at rst. Then
create a rectangular picking area by pressing two times ther" key. Both strokes
de ne opposite corners of the selection-rectangle. To cattonly the entity which
is closest to the user type "i" before.

9.90 gnor
‘gnor' RETURN 'w'|'p’

A new line normal to a plane de ned by three points and a lengthis created.
It starts at the last point.
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9.91 qgpnt
‘gpnt'’ <name>(optional)RETURN 'wW'|'p'['g’|'m’|'n'|'s' ['Su

This keyword is used to create or move points (see algo_pnt). fie user might
specify a name in the command-line if a certain name should beised. To
create a point move the mouse pointer to the desired locatiorand press the
key "g" (generate) or over an existing node and press "n" (use then the node-
coordinates). After a point was selected with "p" it can be moved in di erent
ways: Either in the screen-plane, for this go to the desired psition and press
"m" (move, see[gall or the section[Orientafiod how to rotate the model into a
certain position). Or the point can be moved to the position d a second point,
for this go to the second point which coordinates should be wed and press "p"
again. If the coordinates of a node should be used press "n" gtead. Also a
normal projection to a nurbs related surface (from cad-systms) is feasible by
choosing the target-surface with the "s" key or a NURBS-surfce with the "S"
key either before or after the point was marked. Press "q" to qit the command
or "u" to undo the last action.

If you picked the wrong point (the one which should be moved),just pick
the same again and pick then the correct one.

It is also possible to measure distances between two pixelsdhe screen. Just
press the key "w" on the positions of the two pixels. The distace is calculated
in the scale of the displayed geometry.

9.92 gnod
‘gnod’ RETURN 'w'['p’|'m'|'u’

This keyword is used to move nodes (see al$g ndde). To move admmove the
mouse pointer to the desired node and press "p" (pick) then gado the desired
position and press "m" (move). Sed gali or the sectiof Oriemdfion/how to rotate
the model into a certain position. Press "q" to quit the command or "u" to
undo the last action.

Itis also possible to measure distances between two pixelsidhe screen. Just
press the key "w" on the positions of the two pixels. The distance is calculated
in the scale of the displayed geometry.

9.93 grem

'grem’ <set> RETURN 'w'|'a’|i'|r|'n'|'e’|'f|'p'|'l 's'|->
lblllql

This keyword is used to erase entities from a set (see al§0 st To remove
entities move the mouse pointer over the entity and press thefollowing keys,
for Nodes n, Elements e, Faces f, Points p, Lines |, Surfaces Bodies b, Nurb
Surfaces S and for Nurb Lines L. To catch more than one entity \ith one stroke
type "a" before and create a rectangular picking area by presing two times the
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"r'" key. Both strokes de ne opposite corners of the rectangke. To catch only
one entity type "i" before. Press "g" to quit the command.

Itis also possible to measure distances between two pixelsidhe screen. Just
press the key "w" on the positions of the two pixels. The distace is calculated

in the scale of the displayed geometry.

9.94 (seq
'gseq’ [<set> RETURN 'n’|'p|[ RETURN 'nrf

This keyword is used to de ne a sequence. The sequence mighbisist of nodes
or points. A sequence is nothing else than a set which keeps ¢hselection-order
of the entities:

gseq nodeset

will store all selected nodes (selected with the 'n' key) in he order in which
they were selected. This set might be used for a subsequerft fgph]' command.
Point sequences are used to de ne splines. If

gseq

is typed without a setname then an existing line has to be selged with a
numerical keystroke (or the space-bar followed by two numbes). New points
will be created on this line which in turn are used to rede ne the selected line
as a sequence-line which uses the new spline-points. Seques can be shown
with the \grnt $g9" command. Node sequences can be written to ale and read
again with the commands \send segname fbd" and \read seqgnamébd".

9.95 qgshp
‘gshp’ RETURN ‘w'|'n'|'p'I'g''h'|'s'|'S'|'c'|'q’

This keyword is used to de ne a plane shape. A plane shape nes® points (or
nodes, points at their location will be generated and used)dr its de nition. The
points are selected with the 'p' (nodes 'n') key. After the points are selected it
will be generated by a 'g' keystroke. The shape can be assigddo a surface by
selecting rst either a shape 'h' or a nurbs 'S' and then the suface with the 's'
key. The shape will then de ne the interiour of this surface. The selected shape
or nurbs stay selected until cleared with 'c’. See also[\shpefor the keyboard
controlled de nition of shapes.

It can also be used for projection purposes (se€ "prpj") or sitting (see

9.96 qspl
‘gspl' RETURN 'w'['s'|'q’
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This keyword is used to split one or more lines at a certain pason (can also
be done with '[glin}). A point is created at the splitting posi tion, the original
line is deleted and two new lines will appear instead. All lires running through
the selected location will be split at once and the newly creted splitting points
will be merged to one if they are closer to each other than de ed by 'jgtolf. To
split a line move the mouse pointer over the line and press thés" key. Press
"g" to quit the command.

Itis also possible to measure distances between two pixelsidhe screen. Just
press the key "w" on the positions of the two pixels. The distace is calculated
in the scale of the displayed geometry.

9.97 qsur
‘gsur’ <name>(optional) RETURN
wlalb I 1-9Tg a s TS e

This keyword is used to create or change a surface (see alsougs The user
might specify a name in the command-line or by picking an exisng surface
with the "s" key.

If the surface is supposed to be meshed with unstructured tengles (element
type tr3u or tr6u) it is su cient to select all lines with the \ I" key (lowercase
\L"). This can be done either in the \all"-mode (press\a") or \individual"-mode
(press \i") which is default. Then generate the surface by pessing the "g" key.
Such surfaces allow holes in it. If the surface is not plane iwvill need to reference
an embedded NURBS surface (see=*murs") or a shape (sef "sfpe"Despite it
is quite an exception it should be noted here that this kind of mesh might be
extruded in the 3rd dimension by using the ‘fswep" command to gnerate penta
elements for the cfd solver.

For the de nition of a regular meshable surface three to ve edges must be
de ned. To create a surface move the mouse pointer over the st line of the
rst edge and select it with the "1" key (number \one"). If mor e than one line
is necessary to de ne the rst edge select the following onesne after the other
with the "1" key. Each marked line is listed in the mother xter m. If all lines
of the rst edge are selected select the lines of the second gd by pressing the
"2" key, then the third and eventually the fourth and fth. Th e last selected
line must match the rst. All lines de ning an edge will creat e a combined line
(seellcmb) and this combined line will show up in the de nition of the surface.
Then generate the surface by pressing the "g" key and you mighcontinue with
the next surface. By default the interior of the surface is dened according to
Coons [13] which is a blended function. But it can also followan embedded
NURBS-surface or a shape. To relate a surface to an existing lRBS surface
select another surface which already uses the desired NURBBSith the "S" key
(uppercase) or to reference the shape with the \h" key. Then slect the target-
surface with \s". The target surface is converted to a NURBS sirface which
is necessary to be meshable with unstructured triangles (8u, tréu) and to be
used to generate tet elements. The selected shape or nurbslstay selected
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until cleared with 'c'. In case the NURBS or shape in questionis not related to
a surface it is necessary to use["gship" to select rst the NURES or shape and
then the surface which should reference them.

An existing surface might be completly rede ned without degroying the
de nition of related bodies or other geometries. After seleting a surface with
the \s" key the referenced lines might be replaced by seleatig new ones. The
previous selected lines are not longer referenced.

Replace assignments by the blended function with the "b" key To quit the
command use the "q" key or use "u" to undo the last action.

It is also possible to measure distances between two pixel®idhe screen. Just
press the key "w" on the positions of the two pixels. The distace is calculated
in the scale of the displayed geometry.

9.98 qtxt
'gtxtt  RETURN ‘g'l'a|i'b'|'p'|'m'|'n'|'v|'f|'d" I'g"

This keyword is used to move node-attached texts (showing nde-number and
value, see gure[8) at certain positions in the drawing area o to manipulate
them otherwhise. They are created with the key \g" while the mouse-pointer is
over the node to which it should be attached. Attention: They are only visible
after the command ‘[plug nt all" was used (but they are immediatelly visible
when the the commands [geny” or fgadd" were used instead of \axt"). To
move a text pick it at the lower-left corner with the key 'p' an d place it with
the key 'm' in the new location. To move it back to its node use b'. Delete
them with 'd'. The node-nr and the value in the text can be switched on and o
with the 'n" and 'v' key. The 'f' key will toggle the format of t he value between
\int", \ oat" and \exponent". See the command "fohf"dn how t o change the
font-size. See X' for the batch mode command

To catch more than one entity with one stroke, type 'a' (all) b efore and
create a rectangular picking area by pressing two times ther* key. Both strokes
de ne opposite corners of the rectangle. To catch only the etity which is closest
to the user type 'i' before.

9.99 quit
‘quit’

This keyword is used to terminate the program without save.

9.100 read

'read’ [<geo-file> [‘addT]|
[<cex-file> ‘inp' ['add’|'ext’|'nom’['new]|
[<openFoam-file> ‘foam' [‘add’|'ext’|'nom']]|
[<result-file(frd)> [‘add'|'ext'|'nom"|[<setname>]]
[<stl-file> [‘add'|'ext’|'nomT]|
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Figure 8: gtxt: Node attached texts at two locations, one with node-nr and
value in exp-form and one just with his value in oating point form. The font
with gives biggest numbers was used.

[<list-file> '-n'|'-e'<column>]|

[<edge-file> 'edg']|

[<netgen-file> 'ng' [‘add’|'ext|'nom’|'ndsb]]|
[<pixel-file> [<zoom>]|[<x_zoom> <y zoom>]]

This keyword is used to read les or commands from a le. Most @mmands
can be read from a le but not all of them. In general all basic @mmands to
create geometry are understood and up to now this is the only ay to read pre
de ned geometry during run-time. To read commands from a le like [ine]
[nodd, or[Setd and so on, type

read geo- le

this will eventually replace entities if their names were afteady in use. To pre-
vent this, type
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read geo- le add

this forces the program to change the names which are already use to unused
ones. Therefore no existing geometry will be overwritten.

If an ccx-input- le with loads, boundary-conditions and sets is read with a
command like

read ccx- le inp

then the loads and boundary-conditions are stored in automécally created
sets which start with a leading '+'. For example the ccx command *BOUND-
ARY" will trigger the creation of the set '+bou'. The ccx sets are stored in cgx
sets of the same name. The load-values are stored in Datasets

The option \nom" (no-mesh) can be used to speed up the readingf frd or
inp formatted les like:

read ccx- le inp nom
and/or
read result- le nom

This option suppresses the reading of nodes and elements amdakes sense if
the mesh exists and only the set-de nitions and loads or reslis should be read.
If the parameter "add" is used,

read ccx- le inp add

then existing node- or element-numbers are not overwrittenand the program
choses new numbers. If the ccx-input- le ends with \.inp" th e parameter \inp"
might be omitted.

An openFoam le [B] can be read in a similar way

read CaseDirName foam

as an ccx input le. Sets will be created if de ned in the openFoam le. Results
can be used for mapping purposes. For further details se¢ \Ho to map loadg"
in the appendix.

The user might read a result- le in frd format during runtime . If a mesh
exists and should not be overwritten just add the parameter \add"

read result- le add
this forces the program to change the numbers which are alrety in use to

unused ones. Existing datasets will be extended by the new me-numbers and
their data. The option \ext"
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read result- le ext

will also extend the existing datasets but in this case the ndes and elements are
updated (modi ed). If no parameter follows then existing nodes and elements
are updated and the new datasets will be appended to existingpnes. Since
the dependency checks are time consuming the user might scthem by using

the 'ne' parameter. Then the existing mesh is deleted beforéhe new one is read:

read result- le new

It is also possible to read les written in the result format ( .frd) during run-
time only to de ne sets of nodes or elements without changinghe de nitions
of them. The command

read result- le sethame

will create a set of the name setname and all nodes and elementisted in
the le mesh.frd will be added to that set. But this will NOT cr eate or modify
the nodes and elements. All nodes and elements must exist andill not be
changed.

An stl le can be read with

read le.stl

If a le with the numbers of nodes or elements is not availablein the result
format (.frd) then a so called list- le could be read instead. In such a le either
numbers of nodes or elements can be de ned. The numbers founid a spec-
i ed column is interpreted as a node- or element-number. If -n" is speci ed
the numbers are interpreted as nodes and if "-e" is speci ed he numbers are
interpreted as elements. For example
read list- le -e3
will de ne a set storing names of elements from the third colunn of le list-
le.txt. The created set-name is always the name of the le.

NETGEN Import

In case NETGEN is used for meshing then the edges which are gerated by
NETGEN can be included for modi cations;

read edge- le edg

82



will create beam elements based on the de ned edges. When theodi cations
are done, the beam elements can be exported in the NETGEN-edgformat
with the "send setname stI" command and used for meshing in nigen (see also
"How to deal with cad-geometry]’). The netgen mesh can be impoted with

read netgen-file ng

If the NETGEN (.vol) le contains solid elements, all shells and beams are only
used to de ne surface sets of nodes and faces (+seir>). The shell elements
and beams are deleted by default. If you want to be more selete about the
elements imported from netgen, you use the keyword ndsb (NoBleteShellsAnd-
Beams).

read myfile.vol ng ndsb

This keyword forces all the netgen elements to be imported. B aware that the
imported NETGEN element types (1D, 2D and 3D elements) are dstributed in
various sets for further operations (as well as being contaied in set ‘all’). For
instance the set '+typ11' will contain all elements of type 11 (2-node beams).

Please see["Element Typgs" for a key to the element numbers.

If a pixel- le in xwd-format is available it can be included as a background-
picture. The user can then create geometry based on this picire:

read pixelle 2 4

here the picture will be scaled by a factor of \2" in x- and \4" i n y-direction.
Delete it with "dellpic". The picture can not be modied in cgx . Only scal-
ing during reading (with either a global factor or separate aling in x- and
y-direction) is supported. Other modi cations have to be made with external
software.

The command parameters are writen to the [sfack".

9.101 rep
rep' <set>

This keyword is used to refresh entities of a certain set. Ths is done automati-
cally but with one exception: The rendering of the interior de nition of surfaces
must be triggered manually with this command. The rendered sirfaces can be

displayed with "plot] or "plus™|using the type "si".

9.102 rnam

rnam' <set> <set>

This keyword is used to rename a set.
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9.103 rot

rot' [u'l'd|r|l|'c’ <angle>]|
[X|x1yl-yI2]-2]
This keyword is used to rotate the view-direction to the modd. For example

rot u 10

will rotate the view-direction 10 degrees upwards. The meaimg of the other
letters is down d, right r, left I, clockwise c. The remaining letters will rotate the
view into a pre-de ned direction. For example the user will look in x direction
after the command
rot x
and against the x direction with the command
rot -x
and so on.
9.104 save
'save’
This keyword is used to save the geometry (if any) to a le nama as the input

le but with the extension .fbd. If a le with that name exists already, then
this le will be saved with the new le extension .fbb as a backup.

9.105 scal

'scal' ['s'|'v']'d] [<value>]
This keyword is used to scale the graphic presentation of vales but no values
of entities. The scaling of the value itself can be done with he command {ds".
For example the command

scal s 0.5

will scale the range of values presented in the color plot by dactor of 0.5.
The command

scal v 5.

will scale the length of vectors by a factor of 5. The command
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scal d 2.

will scale the deformed shape by a factor of 2. Without a valueit restores
the default value. See also["Toggle Vector-PIgt", Toggle Add-Displacement”,

9.106 send

'send’ ‘init/|
<set> 'fbd' ['c''e]| ->
'stl'] ->
‘abq'|'ans'|'ast'|'dar'|'duns'|'frd'|'gmp'|->
'Ist''nas’|'ng'|'pat|'tcg’ <RETURN>|
[binT|
[ds'<nr>[+] [e<nr>[,'|-'<nr>]..]]|
[tmf]|
['sta’ <refspeed>]|
[crp' <timefact> <refspeed> <writefreq>]|
[comp]|
[mpc' [[<rotation>|'v'<node> <v1> <v2> <v3> ||
['n'<node>]]]|
['names']|
['spc’ <dofs(1-6]|t|p)> <value>]| ->
[<dofs(1-6]t|p)> 'ds'<nr> e<nr>]| ->
[nor' <facl> [<fac2> <fac3>]]| ->
['nor' 'ds'<nr> ‘'e'<nr>]|
['spcf' <dofs(1-6|t|p)> <value>]| ->
[<dofs(1-6]t|p)> 'ds'<nr> 'e'<nr>]| ->
['slide' ‘c'I's'|'rx| ->
Yzttt
[pres' [<value>]|['ds'<nr> 'e'<nr>] [+|-] ]|
[film" [[n<nodnr>][<temp>]|->
[[['ds'<nr>]|[sg<dsnr>-<dsnr>]] 'e'<nr>]->
[[<coeff>]|->
[[ds'<nr>]|[sg<dsnr>-<dsnr>] ‘e'<nr>]] [+]-] ]|
[rad' [[<temp>|[cr<temp>]|['ds'<nr> ‘e'<nr>]] ->
[[<emis>[[ds'<nr> ‘e'<nr>]] [+|-] ]|
[dflux' [[<load>]|['ds'<nr> ‘e'<nr>]] [+]-] ]I
[mflow' [[<load>]|['ds'<nr> ‘e'<nr>]] [+]-] ]|
[‘cflux’ <load>]|
[force' <fl> <f2> <f3>]|
['quadlin]
['sur' [+]-] ]
'send' <set> ['dolfyn’|'duns'|'isaac’|'foam'] [<type> < set>] | ->
[cyclic' <set> <set> 'tX|'ty'|'tz'|'rX|'ry'|'rZ']
‘ex'|'ey’|'cz|<vx,vy,vz>]
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'send’' <dep-set> <indep-set> 'nas’|'abqg’|'ans' [‘cycmpc 'I'cycmpcf' ->
PXIpy’I'pztX [ty 'tz ->
'™X|'ry'|'rz'|'ex’|'cy’|'cz'<+-segments> 'c'|'u'<NR >]| ->
[lareampc' <dofs('t'|'p'|'1-6")> 'c'|'u'<Nr>]|'f'<val ue> ->
[areampc' ‘'slide’]| ->
[areampc' 'presfit' ['s'<value>]]| ->
[gap' <vx> <vy> <vz> <tol>]

This keyword is used to send data to the le-system. The follaving formats
are known (but not all options for all formats are fully supported so far); The
geometry-format (fbd)

send set fbd

or

send set fbd ¢

will complete the set downwards before writing, or

send set fbd e

will write all model-edges as small lines running from node ¢ node. A spe-
cial case of a command le is written with

send init

named init.fol which stores status variables (also written at the end of geometry
les). This can be used in a second or later session by readinigwith the "read’]
command:

read init.fbl

The user might use the "menu™ command to de ne two command lines for
the writing and reading of the init le to a certain location. With this approach
a certain orientation of the model can be quickly stored and estored.

A surface description with triangles (stl)can be written:

send all stl

This triangles are based on elements which were created by raleing surfaces or
by automatically triangulated element-faces of all types d supported elements.
If be2 elements are included in the mesh (meshed lines) a solleal edge le
for NETGEN will also be created if stl is written. NETGEN prov ides also a
stand-alone mesher called ngol. The mesher can be found in the netgen sub-
directory nglib. As for the stl-format triangles can be written for this mesher
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with:

send set ng

It has the advantage that the triangles are directly used to ¢k ne tetras and not
as with stl are only used to de ne the outer shape of the body.

The following mesh-related formats are known: Femview and @D x (frd),
Nastran (nas), Abaqus (abq), Ansys (ans), CodeAster (ast), Samcef (sam), Dar-
win (dar), patran (pat, only sets), gagemap (gmp, only sets)and Tochnog (tcg)
but only ccx (Abaqus) is fully supported. Good support is al® provided for
ansys, darwin and nastran. If no further parameter follows ten just the de ni-
tion of the nodes and elements will be written:
send all abq

will write the mesh in the format used by Abaqus and the CalcuiX solver.
If the parameter "ds" is provided followed by the dataset-nr

send set abq ds1

then the values stored in Dataset 1 are written. For 'frd-format the 'ds' pa-
rameter w/o any further values forces cgx to write all datasdas but w/o the
internally calculated ones:

send all frd ds

If a \+" sign appears at the end of the 'ds' parameter

send all frd ds+

or

send all frd ds1+

then also the internally calculated values like vMises-stess are written. Ad-
ditionally the entities might be speci ed with the 'e' param eter followed by the
numbers to write. The numbers have to be separated by a ',' sig or in case of
a range by a '-' sign:

send all frd ds1 e€9,25-30

The \bin" parameter has the same meaning as the \ds" paramete but in
this case the result is written in the binary form of the frd-format (always

all datasets). In case data should be written for the crack aalysis tool Darwin

send all dar ds
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will write all datasets. Since Darwin changed the format fram version 7.1 on, it
is possible to change the format with the parameter 'v7.1' aghe last parameter.
If the set is of the ordered type and includes nodes (seg\gsgnthen the data
are written in tabular form for use in a 1D crack-prop Darwin-analysis.

In certain circumstances the user needs an easy solver indepdent format
to write node- and element numbers. This is provided by the \Ilst* parameter:

send setname Ist
will write the node- and element-numbers in lines of seven sre separated
rows.

Missing lower entities (nodes, points, lines etc.) will be dded to the set be-
fore the set is written if the parameter "comp" follows. For example geometry
like bodies
send set fbd comp
will be extended by surfaces, lines and points or

send set frd comp

will include all nodes used by the elements to the set elem andill then write
the le.

The parameter \quadlin” forces the conversion from second ader elements into
single order elements were each element is subdivided into €ingle order ele-
ments. This takes place during writing and will not change the current state of
the mesh in cgx. Up to now it is only available for the abq formd:

send all abg quadlin
If the parameter "tmf" follows the de nition of a solver form at
send set abq tmf

then the mesh plus all temperatures with the necessary solvecontext for tmf
calculations is written. If the parameter "sta" follows

send set abq sta 2900.

then the mesh plus all temperatures with the necessary solvecontext for a
static calculations is written. Here the value for "speed" is a reference value
for eventual numerical values in the TEXT-Block of the Datasets in the result
le (frd- le, see "Nlodal Resulis Block™). A scaling factor w ill be determined
based on the reference value (here a ref.speed of 2900.) angetindividual
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TEXT-Block values (factor = speed**2 / refspeed**2). This f actor is used in
*AMPLITUDE commands which will also be written and will be us ed to scale
static loads which are referenced in the *STEP data. If the paameter "crp"
follows

send set abq crp 1. 2900. 1

then the mesh plus all temperatures with the necessary solvecontext for creep
calculations is written. Here the value for "timefact" scales the time-values of
the Datasets, "speed” is a reference value for scaling statiloads (see option
\sta") and writefreq limits the output to the result- le.

If the parameter "names" follows the solver-type then just the element- or node-
numbers are written. This is useful for de ning sets for the lvers. The com-
mand

send steel abgq names
will write the node and element numbers included in "steel". This le could
be used to de ne a set for material assignments, boundary catitions or loads.
If all sets should be written at once, use:
send all abg nam
If the solver-format "duns" is used then related numbers of sirfaces (3D) or
lines (2D) will be written. This information is necessary to apply boundary-
conditions to duns. The numbers are used in the connectivity le (duns.conn)
which will be created by the mesh-command. The user has to ref this numbers
in the duns.script2 le when assigning boundary conditions

It is also possible to de ne and send some constraints to the le system. To
constrain degrees of freedom (dof) of selected nodes use tharameter "spc" in
combination with the numbers of the constrained dofs and opionally a forced
de ection. For example:
send hinge abq spc 123

will constrain the translational degrees of freedom of the ndes in set "hinge".
Or

send hinge abqg spc 12356
will leave just one rotational degree of freedom unconstraied. And
send move-nodes abq spc 1 0.1

will move the nodes in set move-nodes by 0.1 in direction 1.

89



send move-nodes abq spc 1 dsl el

will use the values from dataset-nr 1 and the entity-nr 1 for the forced dis-
placement in direction 1 and

send move-nodes abq spc nor 0.1

will force the nodes included in set move-nodes by 0.1 in the armal direc-
tion (normal to the element-faces). The components of the vetors at the node
positions can be scaled individually (fac1-3)). The vectorlength can also be
read from an entity of a dataset:

send move-nodes abq spc nor dsl e4

A subsequent calculation with ccx will move the mesh accordigly. After solving
the deformed mesh can be used as a new mesh for further calctitms. With this
procedure geometric variations are possible without maniplating the geometry
(morphing).

For cfd there is a \spc" function available which works on faces instead on
nodes (see *BOUNDARYF in the ccx manual).

send Inlet abqg spcf 123

The degees of freedom 123 de ne velocities and not de ectian Its called \spcf"
and works otherwhise accordingly to the \spc" command.

The parameter "slide" in combination with one additional parameter will
create equations that force the selected nodes to move onlyia plane. If the
additional parameter "s" is speci ed then the speci ed nodes will be attached to
their element faces. All nodes of the a ected element-facebave to be selected.
For example you type:

send sur abg slide s

and this should attach the node with the node-nr. 1 to a plane m@rallel to
the surface of the corresponding element-face. This elemenses the node 1,
2,3,4,5,6,7 and 8 where 1, 2, 3 and 4 are on the surface of the she The
program will detect this element face and constrain the nodeonly then if the
nodes 2, 3 and 4 were also included in the set "sur"! The deteetl elements or
faces of volume-elements will be assigned to the set. So it ossible to check
the detected elements. Instead of providing a set with the neessary nodes, you
might instead provide a set with shell-elements or/and face of volume-elements.
The nodes will be derived from them. In most cases this is the st convenient
way.

A special case which works probably only in ccx (abaqus mighgive wrong
results) is triggered by the \c¢" parameter. It behaves as forthe \s" parameter
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but works for cycsym calcs:
send cycsur abq slide ¢

A new set with new nodes will be created with the name kset>_COPY" which
has to be used in the cycsym de nition in ccx instead of kset>". In addi-
tion equations are speci ed which connect the new nodes wittthe original ones
in the normal direction of the element faces. In this way two faces used in a
cyclic symmetry connection will slide at each other insteadof beeing glued in
all directions.

If nodes should slide radially to the y axis then use "ry":

send sur abq slide ry

or use "ty" if the nodes should move only tangential to the y axis. In both
cases the axial movement is still permitted.

The parameter "sur" will write the surfaces of the mesh eithe in abaqus-
format for the *SURFACE command or in frd-format as shell elements. For
example

send top abq sur

will write the elements in set top together with the face-nr (Important: Only

free surfaces of the mesh are regarded, internal faces arekmmown and can not
be identi ed). The front- or rear side of the face (pos or neg)is selected with
the '+' or '-' parameter:

send surset abq sur -
will write all surfaces in set surset in abaqus format but all surfaces which
have a potentially negative side will be written in that manner.

The parameter "pres” is used to assign pressure values to efeent faces. For
example
send surf abq pres 0.05
will assign the pressure value 0.05 to all element-faces iressurf. If a dataset
with nodal values is available it is also possible to use this/alues instead of
using a uniform value for all faces. For example
send surf abq pres Icl el
will specify the dataset-nr 1 and the entity-nr 1 to be used irstead of a uni-

form value. The front- or rear side of the face (pos or neg) isedected with the
'+' or '-' parameter (it has to be the last parameter).
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The parameter "Im" is used to assign free-stream temperatues and ther-
mal heat coe cients to element faces. It works similar to the "pres" option.
For example
send surf abg Im 1200. 0.5
will assign the Im temperature of 1200 and the coe cient 0.5 to all element-
faces in set surf. If datasets with nodal values are availalel it is also possible to
use this values instead of using a uniform value for all faces~or example

send surf abg Im ds1 el 0.5

will specify the dataset-nr 1 and the entity-nr 1 to be used fo the tempera-
ture instead of a uniform value, or

send surf abg Im dsl el Icl e2

will specify also the dataset-nr 1 with the entity-nr 2 to be used for the Im-

coe cients instead of a uniform value. The front- or rear side of the face (pos or
neg) is selected with the '+' or '-' parameter (it has to be the last parameter).

Instead of a single dataset-nr a range can be given:

send surf abg Im sg1-9 el sql-9 e2

and instead of giving e determined value for the temperaturea node of a ther-
mal network can be speci ed with:

send surf abg Im n1277 dsl el

The parameter "rad" is used to assign a sink temperatures andhe emissiv-
ity to element faces. It works similar to the "pres" option. For example
send surf abqg rad 1200. 0.5
will assign the sink temperature of 1200 and the emissivity b to all element-
faces in set surf. If datasets with nodal values are availall it is also possible to
use this values instead of using a uniform value for all facesFor example

send surf abq rad Icl el 1200.

will specify the dataset-nr 1 and the entity-nr 1 to be used fo the tempera-
ture instead of a uniform value, or

send surf abq rad Icl el Icl e2
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will specify also the dataset-nr 1 with the entity-nr 2 to be used for the emis-
sivity instead of a uniform value. The front- or rear side of the face (pos or
neg) is selected with the '+' or '-' parameter (it has to be the last parameter).
If cavity radiation should be used then the command has to use¢he ‘cr' attribute:

send surf abq rad ¢r1000. 0.7

Here 1000. is either the sink temperature, or, if the ccx parmeter ENVNODE
is active (*RADIATE,ENVNODE), the sink node.

The parameters "d ux" and "m ow" are used to assign an energy stream
or a mass- ow to element faces. They work similar to the "pre$ option. For
example

send surf abg d ux 0.5
will assign the ux of 0.5 to all element-faces in set surf. Ard
send surf abg m ow 0.5
will assign the mass- ow of 0.5 to all element-faces of the gen set. If a dataset
with nodal values is available it is also possible to use this/alues instead of
using a uniform value for all faces. For example
send surf abg d ux Icl el
will specify the dataset-nr 1 and the entity-nr 1 to be used irstead of a uni-
form value. The front- or rear side of the face (pos or neg) isaected with the
'+' or '-' parameter (it has to be the last parameter).

The parameter "c ux" is used to assign an energy stream to noes. For
example

send surf abg c ux 0.5

will assign the ux of 0.5 to all nodes in set surf.
The parameter "force" is used to assign force values to noded-or example

send nodes abq force 1. 20. 0.
will assign the speci ed forces to all nodes of the set nodes.

The parameter "mpc" is either used to create input for the use-subroutine
umpc which forces all nodes from "set" to rotate by an averagevalue speci-
ed with "rotation" around the vector v, or to create a rigid b ody. In case of a
rotation the value has to be in degree were 90 degree is orthogal. For example

send nodes abg mpc 4. 1. 0. 0.
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will assign the nodes of the set "nodes" to the user-subroutie umpc and will
force them to rotate by 4 degree around the x-axis. Two les ae produced.
The one with the equations has to be included in the model-denition-section
and the boundary- le in the step section.

In case of a rigid-body request there are two other parameter in combina-
tion with \mpc" available. The rotation value is replaced by a nodenr of an
independent node which will be created based on either prodied coordinates

send nodes nas mpc v4711 1. 0. O.

or by averaged coordinates based on the specied set (here gdes") which
are interpreted as dependent nodes:

send nodes nas mpc n4711

In both cases an RBE2 (nastran) or *RIGID BODY,REF NODE=node nr (ccx,abq)
element will be created which connect all this nodes. See asgsgn" on how to
prede ne a thermal expansion coe cient \alfa" for this elem ent (only nastran).

Another useful method are so called "cyclic symmetry" equatons. These
equations are used when just a section of a rotation-symmeit part like a disk
is modeled. These equations force the two cutting planes ofush a section to
move exactly equal in the cylindrical system. If the coordirate system of the
displacements for the solver is rectangular (xyz) then the gntax is:

send dep indep nas cycmpc rx12 cl

Here "dep" is the set containing the nodes of the dependent de. These nodes
will be replaced by the solver with the independent nodes frm the set "in-
dep". In this case the equations will be written in the nastran format "nas" (in
nastran called MPC). The parameter "rx12" de nes the displacement system
as rectangular "r", the rotational axis is "x" and the "12" de nes the num-
ber of segments in 360 deg, therefore the angle of the segmdnt360 deg /12.
Attention: The sign of the number-of-segments must be negave if the angle
between the independent side and the dependent side is nedeat. When the
nr-of-segments is omitted the value is calculated individal for each node. The
"c" triggers the correction of the position of the dependentnodes to a position
de ned by the angle of the segment (highly recommended), "u"would prevent
the correction. The "1" will be the identi er for the equatio ns if the format is
nas (nastran). In case the format would be ans (ansys) then ta "1" would be
the number of the rst equation. No number is required for abq (abaqus and
calculix). If the coordinate system of the displacements iylindrical (rtz) then
the example would be:

send dep indep nas cycmpc cx12 cl
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Only the "r" from "rx12" is changed to "c". A thermal connecti on is cre-
ated with:

send dep indep nas cycmpc tx ¢

The thermal connection is triggered by the "t", a pressure canection with
\p". See comments above for the single parameters. In case afd elements the
syntax is similar but only the function name itself di ers:

send dep indep abq cycmpcf rx12 cl

The function name for cfd elements is ‘cycmpcf' instead of 'gcmpc'.

In addition it is possible to "glue" independent meshes togéher. For this
purpose the dependent nodes are tied to independent elementy equations.
Choose the ner mesh for the dependent side. The equations arbased on the
shape-functions of the element types. For example

send dep indep nas areampc 123 cl

will connect the nodes in the set dep to element-faces desbed by nodes in-
cluded in the set indep. The set dep must contain all nodes with should be
"glued" and the set indep should contain all nodes of the elerants surfaces to
which the dep nodes should be glued. The numbers "123" are theegrees of
freedom which will be connected ("t" will create a thermal connection, \p" a
pressure connection). The "c" triggers the correction of the position of the de-
pendent nodes to a position on the surface of the independerlements (highly
recommended and default), "u" would prevent the correction \f" forces the
dependend node away from the independent face. Of course thmesh has to
be written after the use of such a command, otherwhise the coected node
positions would not be regarded and the equations would leatb increased sti -
ness and decreased accuracy. The "1" will be the identi er fo the equations if
the format is nas (nastran). In case the format would be ans (asys) then the
"1" would be the number of the rst equation. No number is required for abq
(abaqus and calculix), see also["How to connect independenneshek".

There is also the "slide" option in combination with the "are ampc" option:
For example if the mesh of a turbine-blade and a disk should beonnected with
each other in a simpler but realistic way then a sliding condiion between this
parts can be established. The command:

send dep indep abq areampc slide

will connect the nodes in the set dep to element-faces desbed by nodes in-
cluded in the set indep but only in the direction perpendicular to a plane de ned
by nodes of the dep-set. Therefore all dep-nodes and all ingenodes must lie
in the same plane and will slide in the same plane!
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Another case is considered with the "prest" option in combination with
the "areampc" option. For example if a cylindrical press t should be simulated
then a forced displacement between the two intersecting sdiaces is necessary.
This forces the dependent nodes to move to the independent ¢&. Two modes
are available:

send dep indep abq areampc prest f
simulates sticking friction and with the option s
send dep indep abq areampc prests

works for sliding conditions. The user might request a certan value for the
press t if the overlapping of the mesh do not represent the neessary distance:

send dep indep abq areampc prest s0.06

will move the dep-nodes 0.06 in the normal direction of the inlependent faces
(works also with option f). Additional nodes are generated ad can be used
to request the reaction forces on the dependent nodes. Theyra stored in a
set named N<dep-set-name><ind-set-name>. Two les are ¢woed. The one
with the equations has to be included in the model-de nition-section and the
boundary- le in the step section.

Special cases are the cfd-solvers Duns, Isaac and OpenFoarithe boundary
patches are an integral part of the mesh. So it is necessary tgpecify all bound-
ary patches when writing the mesh. All free surfaces of the mgh must be
speci ed. This is an example for OpenFoam:

send all foam cyclic cycl cyc2 cx patch in patch out wall wall

will write the so called polyMesh description to the le-system. After the send
command the set (all) with the mesh is speci ed, then the fornat (foam), then
cyclic boundary conditions (cyclic cycl cyc2 cx) between decycl and cyc2 of
the axi-symmetric case around x (cx), then boundary conditons of type patch
for set "in" (patch in), then boundary conditions of type pat ch for set "out"
(patch out) and boundary conditions of type wall for set "wall" (wall wall).

The symmetric boundary-conditions (base-type: cyclic) ca be axi-symmetric
(c) around x,y,z or rectangular (r) in direction of x,y,z. Only for OpenFoam and
in the rectangular (Cartesian) case also a vector pointingt the direction of the
symmetry can be specied (ie: 1.,1.,0.)

For dolfyn, duns and isaac the same syntax has to be used:

send all duns viscous-wall pro | subsonic-in ow in subsonc-out ow out
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send all isaac WALL pro | FARFIELD far EXTRAPOLATE out

send all dolfyn INLE ingang OUTL uitgang ... etc

To de ne so called "gap" elements and related control-commads: These
elements will connect parts if they are closer as a certain ditance. For example
if the distance is zero (contact). The command:

send dep indep abq gap 1. 0. O.

will connect the nodes in the set dep and indep with gap-elenm@s but only
if they match each other in the direction 1.

9.107 sega

'seqa’ <seg> ['nod’|'pnt' <name> .. <=>]|
[afte’'befo’ <name> 'nod'|'pnt’ <name>.. <=>]|
[end' 'nod|pnt <name> .. <=>]

This keyword is used to create or rede ne a set marked as a sequtial set.
This set is used for spline de nitions (seefiné). With the canmand|[glin] such a
sequential set is automatically created. To begin such a sefype for example:

SEQA Q003 PNT P004 P0O05 PO06 POOM POON

The program will create or overwrite the set Q003. The command will con-
tinue in the next line if the sign "=" is found:

SEQA Q003 PNT P004 P005 P0O06 =
PO0O7 PO0O8 PO09

The parameter AFTE will insert additional points after the  rst speci ed point
in the existing sequence. The parameter BEFO will insert addtional points be-
fore the rst speci ed point and the parameter END will add ad ditional points
to a sequence.

9.108 seqc

'seqc’ <set>

Converts an \[cmblinto a spline. The lcmb will be deleted (not the referenced
lines) and keeps the sum of divisions but sets the bias to 1.
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9.109 seql

'seql' <set> <nr>

Makes splines from all sorts of lines. The nr of new created mmer points is
de ned by the parameter nr. Also existing splines will be rece ned.

9.110 seta

seta’ <set> [V'n’|'e’|p[T’c’|'sTbTL|S' ['v]'se| ->
'sh|'ld'<div> <[\Jname|*chars* ..>] |
[n'l'e' <name> '-' <name> <steps>]

This keyword is used to create or rede ne a set (see al§o gapdAll entities like
points or bodies and so on must be stored at least in one set toebreachable.
The set "all" is created automatically at startup and will be open (sed_sefo) all
the time unless explicitly closed (se¢_seic). To add pointsd the set "dummy"

type:
seta dummy p pl p2

This will add the points p1 and p2 to the set dummy. The following entities are
known:

Nodes n, Elements e, Faces f, Points p, Lines |, Surfaces s, &8ies b, Nurb
Lines L, Nurb Surfaces S, Values v, names of other sets se oragies sh. If the
entity of the speci ed type does not exits a set of that name isassumed and if
existing then all it's entities of the speci ed type are appended:

seta setl n set2

will append only the nodes in set2 to setl. If the type 'se' is sed then the
full content of set2 is appended. Wildcards (*) can be used tosearch for set-
names of a certain expression.

The program will automatically determine the type of the entities if not
speci ed, but then the names must be unique. More than one nara can be
speci ed. A minus sign between two numbers of nodes or elemé&nspecies a
range of entities with steps of "steps":

seta setl n 1001 - 1100 12
If the '!" sign is speci ed instead of a sethame then the progam generates
automatically sets with system de ned setnames and storesrities in it. This

can be used is to separate independent meshes and line-loofgghe single inde-
pendent meshes are then referenced by new setnames, for exae
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seta ! all

will determine all separate (disjunct) meshes in set \all" and store them in
sets called +CF<nr>. Figure B.IT0) illustrates this function. Other entities
have to be speci ed as an additional argument after the '!" sgn:

seta! | all

will determine all separate (disjunct) line-loops. Other entieties are not im-
plemented so far.

Values 'fvalul' can be used as arguments. It is necessary to mksa value
with a leading 'n' In cases were the value should not be replaces by its content

seta set vnvall nval2

will not substitute the vall and val2 but add the values itself to the set.
Lines with a division higher than speci ed with

seta setname 1d50

can be stored in a set. Here all lines with a division above 50ra stored in
setname.

9.111 setc

'setc' [<set>]

This keyword is used to close an open set. Without parameteretc will close
the at last opened set.

9.112 sete
lsetel <Set> Inl|lel|lpl||Il|IClllslllblllS||lL||lsel |lshl _>
'max’|'min’|'strict'
This keyword is used to enquire other sets which have entitis in common or
which have an identical content. Example:

sete blade p min

searches for sets who store at least the same points as "blddéalways the
set "all"). The option \max" searches for sets whose entities are completely
included in the specied set. The option \strict" searches for identical sets
regarding the speci ed type of entity.
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Figure 9: All disjunct meshes in the jet-engine are success coloured

9.113 seti

lsetll <Set> lnlllelIlplllllllclllslllblllslllLlllsel Ilshl >
<set> <set>..

This keyword is used to generate an intersection of certainets (what do the
speci ed sets have in common of the speci ed entity-type?).Example:

seti intersectSet p setl set2 set3

generates a set intersectSet with points which are stored ireach of the sets
setl set2 set3.

9.114 seto

'seto’ [<set>]

This keyword is used to enquire open sets:
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seto
Or to mark a set as open:
seto set

All newly de ned or rede ned entities will be members of all open sets. See
how to close an open set.

9.115 setr

Isetrl <Set> ‘n‘l'e'|.p.||II||S.|IbI|‘L‘|ISI||V'|.SeI |Ishl
<name|*chars*> <name|*chars*> ..

This keyword is used to remove entities from a set (see algogm. The entity
will not be deleted. It is just not longer a member of that set. To remove entities
from the set dummy type:

setr dummy p pl p2

This will remove the points pl and p2 from the set. The followihg entities
are known: Nodes n, Elements e, Points p, Lines |, Surfaces Bodies b, Nurb
Lines L, Nurb Surfaces S, Values v, other sets se and shapes. shhe program
will automatically determine the type of the entities if not speci ed, but then
the names must be unique. Wildcards (*) can be used to searctof setnames
of a certain expression.

9.116 shpe

'shpe' <name|!> [pIn' <P1> <P2> <P3>] |
[cyl' <P1> <P2> <R1>] |
[con' <P1> <P2> <R1> <R2>] |
[tor' <P1> <R1> <P2> <R2>] |
['sph’] <P1> <R1>]

This keyword is used to create a shape which can be used to deenthe interiour
of surfaces or to be used as a target for projections (s€e p)agr to split entities
(see[splif). A plane shape is de ned with the parameter \pIn" followed by the
names of three points:

shpe HOO1 pin P1 P2 P3

A cylinder can be de ned by

shpe HOO1 cyl P1 P2 10.5
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were 10.5 is the radius. A cone can be de ned by

shpe HOO1 con P1 P2 10.5 2.

were 10.5 is the radius at point P1 and 2. at point P2. A torus can be de ned by
shpe HOO1 tor P1 10.5 P2 2.0

were 10.5 is the radius at point P1. Point P2 lies on the torus ais and 2.0
is the radius of the tube. A sphere can be de ned by

shpe HOO1 sph P1 10.5

were 10.5 is the radius at point P1. If automatic name generébn is desired,
then use " " instead of a name. See also[\qsHp" for the mouse controlled &l-

nition of shapes. It should be mentioned that all shapes are etually nurbs and

that internally all nurbs which are used by surfaces are actally referenced by
a shape as an interface.

Remark: A further shape type exists which links a nurbs to a suface de -
nition. Such a shape will be automatically generated when a arbs is nished
by the \END" parameter using the same name as the nurbs. This kapes will
not be written to a le but using the grnt gommand will list the m:

shpe NOO1 NURS N001

9.117 split
'split' <setl> <set2>

This keyword is used to split lines, surfaces and elements.

The split command will not generate new surfaces but it will aeate points
along the intersection between the surfaces in setl and theusfaces (or shapes
or faces) in set2.

So far only tetraeder elements (in setl) can be splitted by sdaces, faces or
shapes (in set2). In this case the splitted tetraeder elemesn will be replaced by
new tetraeder- and pentaeder elements. It can be used to cutub parts of the
mesh to be either used directly in other models or which can beemeshed with
tets based on an stl- le derived from them. Or it can be used toapply damages
to a structure. See JHow to map Toads" in the appendix on how to map loads
to the new created nodes from the original mesh.

9.118 stack

'stack’ on|off|free
Several functions which return values to the user might now jace them also
on a software-stack (used by—area.di#f.dsemnq.gipl.lenglprntjaluliolu]. The
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Plane

Torus

Eox
Figure 10: The shape types and its symbols together with an lustrating mesh

\falul command is able to read this values from the stack and gace them in
variables. The 'free’ parameter will empty the stack but does not open or close
it.

See also " and \Whilet.

9.119 steps

'steps' <value>

This keyword is used to de ne the number of dierent colors in the post-
processor mode. The default is 21.

9.120 surf

'surf' <name(char<9)>|'l' [<set>]|->
<line|lcmb> <line|lcmb> <line|lcmb> <line|lcmb>

This keyword is used to de ne or rede ne a surface. It is a moreconvenient way
to de ne a surface than the command[gsur. Either individual lines or a set of
lines can be speci ed. To be meshable with structured elemds it requires 3, 4
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or 5 edges (lines or Icmbs). To be meshable with tr3u or tréu itrequires either
to be plane or to reference a shape or nurbs which can not be primed with this

command (see jgsur” which allows the assignment of a shape dfishp] which

allows the assignment of a shape or nurbs to a surface). The mge controlled
way to de ne surfaces is to use the commanggsuyr. If the name ahe surface
should be automatically generated, then just type " " instead of a name.

9.121 swep

'swep' <set> <set> ['scal' <fx> <fy> <fz> <P0>|<div> [a] ]|
[tra’ <dx> <dy> <dz> <div> [a] ]|
[rot' <pl> <p2> <alfa> <div> [al&n] ]|
[rot" X'|'Y'|'z' <alfa> <div> [a]&n] ]|
[rot" <pl> X|Yy'|'z' <alfa> <div> [a|&n] ]|
[rad' <pl> <p2> <dr> <div> [a] ]|
[rad" 'X|¥'|'Z'|'p'<pnt> <dr> <div> [a] ]|
[rad' <pl> X|'Y'|'z" <dr> <div> [a] ]|
[nor' <dr> <div> [a] ]|
[mir <P1> <P2> <div> [a] ]|
['mir' 'X|'y'|'z" <div> [a] ]|
[mir' <P1> X'|'Y'|'z" <div> [a] ]

This keyword is used to sweep entities into the next higher dinension. Sweeping
a point will create a line, sweeping a line will create a surfae and sweeping
a surface will create a body. Shell elements will be expandethto Volume
elements. The 'div' parameter de nes how much elements wilbe created in the
sweep direction. Existing results will be applied to the newnodes. Important:
The \fifm™ command must be used after the sweep operation andnot before.

At rst a copy of the rst set (see $efaland popy) will be created. The copy
of the master-set is included in the second set. Then the coretting lines and
surfaces are created and at last the bodies. The divisions dhe new lines be-
tween setl and set2 is speci ed with the parameter "div" or the default is used.
Existing sets are extended by the copied entities if the lasiparameter includes
the character \a" (append). Rotational sweeped lines creag¢ nurbs related sur-
faces if the last parameter includes the character \n". Seveal transformations
are available. For example scal creates a scaled copy, theading factors fx, fy,
fz could be chosen independently,

swep partl part2 scal 2
swep partl part2 scal 1 1 2 PO

tra will create a copy and will move it away by the vector dx, dy, dz and
the optional parameter 'a’ will assign the new entities to ses were the mother
of each entity is included,

swep setl set? tra 10 20 30 a
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nurbs related surfaces will be created if \a" is followed by \n" or a sole \n"
is used in a rotational sweep,

swep setl set2 rot 10 20 30 an

rot will create a copy and will move it around the axis de ned by the points p1
and p2 by 'alfa’ degrees (the connecting lines will be of typearc below 180 deg,
above a spline),

swep setl set2 rot pO px 20.

or the axis of rotation is given by specifying one of the basicoordinate axes:
swep setl set2 rot x 20.

or just one point and a vector of rotation is given by specifyng one of the
basis coordinate axes: swep setl set2 rot pl x 20.

rad will create a copy and uses the same transformation optios as 'rot' or
will create a spherical section if just a single point is de red,

swep spherel sphere2 rad pPO 10.

nor will create a copy and will move it away in the direction of the averaged
normal local vector. This requires information about the normal direction for

each entity. Nodes will use associated element faces and geetric entities will

use the element faces, surfaces or shapes which must be stbreith them in the

setl. It should be noted that faces from volume elements sted in setl will be
used to generate shell elements. This elements will then bexeuded in normal

direction into 3D elements,

swep setl set2 nor 1.2 6 a

mir will create a mirrored copy. The mirror-plane is placed normal to the
direction running from P1 to P2 and placed at P2,

swep sectionl section2 mir pl p2

as with 'rot and 'rad' additional transformation options ar e available:
swep sectionl section2 mir P1 x

places the mirror at P1 with its normal direction in 'X' direc tion

swep sectionl section2 mir x
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Places the mirror in the origin with its normal direction in ' x' direction.

9.122 sys

'sys' <shell-command parameters>

This keyword is used to issue any shell command (unix or dos €fl). For
example to move les created by the 'send’ command to certain le names
or/and locations and to start the analysis. On certain platforms cgx will not
wait for the completition of the command if the '&" key was provided as the
last argument of the command. Otherwhise cgx waits until the command was
completed.

9.123 test

test' 'V['n'l'e’|'p'|'I'c|'s|'b|'S|'L|
'se'|'sh' <entity>

Tests the existence of a given entity. Returns TRUE or FALSE and writes it on
the stack.

9.124 thrs

'thrs' <value> 'h'['l'0" ['t]
Compiles all nodes which values of the actual dataset are alve (h) or below
() the given value. The related elements are collected as vileand stored in
separate sets (+CF1..+CFn). This sets are displayed in a cetain mode were
only the edges are visible (see[lvieW"):
thrs 600. h

When the parameter 't' is used the local maximum or minimum values are
stored in separate sets (+CFN1..+CFNn) and displayed in addtion:

thrs 600. h t

This node attached texts can be manipulated with
To display the full model again in the lled mode:

thrs o
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9.125 tra
‘tra’ 'f|'u’|'d|'l|'r <relative-distance>
This keyword is used to move the model in the window. For examfe

trau.l

will move the model 0.1 times the model dimensions upwards. fie meaning
of the other letters is forward f, down d, right r, left I.

9.126 trfm

trfm' ‘rec’['cyl' [X|Yy'|'z] ->
[<first-Dataset-Nr> [<last-Dataset-Nr>]]

Changes dataset entities from one coordinate system to anber. The option
‘cyl' transforms the global results to cylindrical and 'rec' from cylindrical to
global cartesian. In both cases the axis of the cylindrical gstem must be pro-
vided. Optionally the rst and the last dataset of a range of a unique type can
be specied. The current dataset is selected if no dataset ispeci ed. In any
case a dataset parameter will be created which stores the typ of the applied
transformation. It will show up after re-selecting the dataset in the menu entry
'dataset->entity- >parameter' and will be written by the "§end! command if the
frd-format is used (see also['ds" and_ Paramefer Header Recdy.

The transformation into the cylindrical system takes place in a way that
tensors and vectors are transformed into a new local cartean system which
is alligned with the directions of a true cylindrical system. In this way the
dimensions are maintained (for example the displacement irangular direction
is not transformed into an angle but into a displacement in tangential direction).

The transformation from a cylindrical into a cartesian system works accord-
ingly. Therefore successive "cyl" and "rec" commands are penitted. This
command sequence can be used to rotate the model with its dasets in the
correct way which means that all results are also rotated.

Example; Choose the desired dataset (and an entity) with themenu or the
'ds' command. Then type

trfm cyl z

to transform the dataset from a rectangular system into a cylndrical around
the global z axis. Type
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trfm rec z

to transform from cylindrical (which exists after the rst ¢ all) to the rectan-
gular system (which re-produces the original values).
To transform several datasets of the same type (!) at once:

trfm rec z 1 10000

This command transforms all datasets starting with the rst to the last if
the last dataset has a number below 10001 (but only the ones dhe same type
as the 1st!).

9.127 txt

‘txt' <set> ['n|[['V]'e'f|1"&['n]] [<dx> <dy>]
Creates node-attached texts (showing node-number and vakj see gure[8) in
the drawing area. The optional dx,dy values de ne an o set (normalized co-
ordinates) to the actual node position on the screen where té origin is in the
lower left corner:
txt nodset 0.1 0.2
The texts are attached to the related nodes if no location is peci ed:
txt nodset
The texts comprise of a node-nr and the value. The node-nr cabe deselected by
providing the key 'n' or the value can be deselected with keyv'. The exponen-
tial format of the value can be selected with 'e’, oat with 'f ' and integer with 'i":
txt nodset fn
deselects the node-nr and selects the oat format for the vale.
txt nodset n 0.1 0.5
de-selects the node-nr and places the value at a certain pdgin. The texts
are generated but not displayed. The commands["pIdt" and {plug" can be used

for that purpose. The texts can be deleted with [del". See als "gixt] for the
interactive command.
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9.128 ucut

‘ucut’

If a section through the mesh was created with the [Cul" or '[gcuf] command
then this command will delete the cut and display the un-cutted structure.

9.129 ulin
‘ulin' <string>

This keyword is used to de ne an underline. This commend willshow up in the
menu area of the main window below the le name.

9.130 valu
‘'valu' <name> [[<value>|['push’ [<splitkey>]]|'pop] [N | ->
[[?1& ™7 +-''abs''max’|'min'|'pow’|- >

'sgr'|'sin’|'cos’|'tan’|'asin’|'acos’|'atan’] ->
'int'|'float’|'exp’ ->
[name|<const> name|<const>] |

An entity which stores a string of characters. Most charactes are valid but no
white-spaces are accepted from the command line. The commenparser will
scan each parameter of each command for expressions which ttiathe name of
a value and will replace the parameter by the content of the vdue. For example
pnt PO xvalue 0. 0.

uses the value 'xvalue'. If the user has previously de ned tle value with:

valu xvalue 1.24

then the command-parser will replace 'xvalue' by '1.24" in the 'pnt' command.

ATTENTION: To suppress the substitution the value has to be masked by
a leading 'n'. For example the command:

del v nvalue

will delete the value itself. The content of a value can be dened by the user
valu argl 1.24

or derived from the stack previously lled by a command

valu argl pop
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if the "§tack! was activated. A certain number on the stack can be addressed
with

valu argl pop 2
were the '2' means that 2 successive 'pops' are executed. Ihis way the second
value on the stack can be loaded at once.

Values can be added to a set

seta valset v all

and can then be deleted by zapping [\zap" the set storing the véues.
Values can be written to the stack when the 'push' parameter § used:

valu argl push

A white-space separated string stored in aflvall" will be written to the stack in
separate sub-strings. With this method single pieces of a wite-space separated
string can be splitted and stored in separate values:

stack on

opens the stack

valu complicatedString push

splits the string stored in '‘complicatedString' and writes the single pieces to
the stack. The command

valu subString pop 3

loads the 3rd substring into the varible 'subString'. Other splitting charac-
ters can be used when this character follows the push key-wdr

valu string push .

splits the string at each occurence of \." and writes the pie@s to the stack.
The command is able to perform simple calculations like

valu result * argl arg2
‘result’ will store the product from 'argl' and 'arg2'. The t wo arguments argl
and arg2 may be other 'values' or constant numbers. That meas that a direct

multiplication of two numbers or a value with a number is possble. During the
calulation the strings are converted to double precision nmbers and the result
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is stored as a string representing an exponential number. Té 'int', ' oat' and
'‘exp' convert between integer, oating point and exponential format:

valu result int result

The '?" operator is used to request user input:
valu string ?
The command is waiting for user input. Please type into the teminal. Usually
this requires to leave the graphics window and click into theterminal from which
cgx was started.

The '& operator is used to concatenate two strings:

valu string3 & stringl string2

The stringl and string2 might be values or constant strings.
See also [[prn{" and "How fo write values fo a [e’l

9.131 view
‘'view' fill'|'line'|'point’ <value>|
‘edge’ ['off]|'elem" ['off]|'surf'|'volu'|
'front'|'back’|'vec’ ['off]|'disp' ['off]|
'‘bg" ['W['k]|'sh" ['off][ill' ['off]
Commands to control the graphic output. This command is intended for batch-
mode. See also["Viewinp" for the menu controlled functions.
"II" Element-faces are lled
"line" Elements are displayed as reframes
"point" Element-edges are displayed as points with a pixelwidth of 'value'
"edge" triggers the display of the model edges were

"elem" triggers the display of the element edges. They are deelected with
the additional parameter "o ".

"surf" and "volu" are used to display the structure either only by it's
outer skin (surf) or by drawing all elements (volu).

"front" and "back" de ne which side of the structure should b e drawn.
Either the side which faces the user or the back-side. If the &ck-side is
displayed then internal structures are visible.
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"vec" triggers the vector mode. All vector-entities like displacements are
displayed with arrows pointing in the direction of the vector and with a
length proportional to the value of the vector. See [Toggle \&ctor-Plof]
for a detailed description of the equivalent menu-function

"disp" will show the deformed structure based on a formerly lected dis-
placement dataset (no entity must be selected). Sed "Togglddd-Displacement"
for a detailed description of the equivalent menu-function

"bg" Without second parameter toggles the background colou. The sec-
ond parameter 'w' forces white while the parameter 'k' forces black as
background colour.

"sh" Shaded results are shown. Switched o with "o ".

"ill" Mluminale the backface of the elements. Switched o with "o ".

9.132 volu

'volu' <set>

This keyword is used to calculate the volume and the center ofjravity of a set
of volume-elements. If an ccx-input le with density data was read then the
mass will be also calculated. If a 'dataset' is active then anaveraged value is
calculated.

The command writes to the '{Stack’".

9.133 while

'while' <value>|<const> 'eq'|'ne’|'=="|"l="|'<'|'>" <v alue>|<const>

A command to compare two values (‘valu' or constant numbers) If the compare
is True the following commands are executed until the 'endwlie’ command is
found. This procedure is repeated until the compare is False

while argl == arg2

will repeat the commands between 'while' and ‘endwhile’ unil the numerical
value stored in 'argl' is not equal to the numerical value stoed in value 'arg2'.
The values are locally converted to ' oat' format for the num erical comparison.
The 'eq' and 'ne' compare strings and should not be used for nmerical values
since no conversion to a common format is done. Two strings arequal if they
have the same length and all characters are equal.

See also [if", \falul, \sfack™and \Hpw to run cgx in batch mod €.
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9.134 wpos

'Wpos' <xp> <yp>

Positions the window on the screen were xp and yp are the coondates in pixel
relative to the left upper corner. This command takes no e ed during reading
and execution of a batch le. It will be executed in the glut event loop (the glut
library [2] for window management and event handling).

9.135 wsize
‘wsize' [RETURN]|'f]|[<xp> <yp>]

Size of the window were xp and yp are the size in pixel. Withoutargument the
size is the initial size and with the argument 'f' (fullsize) the screen resolution
is used. This command takes ONLY e ect during reading and exeution of a
batch le IF it is written in the very rst line. Otherwhise it  will be executed
after reading of the batch le in the glut event loop (the glut library [2] for

window management and event handling) which means that the pogram has
to go into the interactive mode to take e ect.

9.136 zap

'zap' <set>

This keyword is used to delete all entities of a set and the sdtself. All depending
entities will be deleted as well.

9.137 zoom

'zoom' [<scale>]|[<plx> <ply> <p2x> <p2y>]
This keyword is used to scale the model in the window. For exarple
zoom 2
will increase the size of the representation of the model by dactor of 2. A
certain region of the model can be speci ed with two corner pints of an imagi-
nary rectangle. The coordinates are relative to the graphiewindow which has its
origin at the left/lower corner and as a fraction of the edgelengths. For example

zoom 0. 0. 0.50.5

will display the third quadrant of the window scaled by a factor of 2.
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10 Element Types

Node numbering of the elements and the type numbers used in # Result For-
mat (frd- le). The solvers might use di erent node-numberi ng rules.

1 2 node beam element (be2, type 11)
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3 node beam element (be3, type 12)

2

3 node shell element (tr3, tr3u, type 7)
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4

6 node shell element (tr6, type 8)

4 node shell element (qu4, type 9)
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8 node shell element (qu8, type 10)

4

2

4 node tet element (type 3)
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2

10 node tet element (type 6)

8 node brick element (he8, type 1)
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20 node brick element (he20, type 4)
6
4
5
1°

6 node penta element (pe6, type 2)
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15 node penta element (pel5, type 5)

11 Result Format

Listing of the mesh- and the nodal results format. The data ae stored in
xed format. Node-, element-de nitions and results might b e in ascii or binary
coding. The ascii format is able to store element- and nodeumbers up to
'99999' in the short form or up to '9999999999' in the long fom. An example
for the short form is shown below:

1Ctest I"1C" defines a new calc of name "test"
1UDATE 26.01.2000 '"1U" stores user job-informations
2C 1"2C" starts a block of node coordinates

-1 1 0.00000E+00 0.00000E+00 0.00000E+00 ! 1. node
-1 2 0.10000E+01 0.00000E+00 0.00000E+00 ! 2. node ....

>

>

>

>

>

> -3 lend of the current block

> 3C I"3C" starts a block of elem definitions

> -1 1 4 0 O'first elem, type of that elem is 4 (he20)

> -2 1 2 3 4 13 14 15 16 5 6 7 8 ..
>-2 12 17 18 19 20 !twenty nodes defining that element
> -1 ...

> -2 ..

> -2 ..

> -3 lend of the current block

> 1PHID 10 ldefines a parameter HID value 10

> 100CL101 I"100C" starts a user defined result block

> -4 DISP 3 1 IAttribute Header Record (Dataset)
> -5 D1 1 2 1 0 !Component Def. Record (Entity)
> -5 D2 1 2 2 0

> -5 D3 1 2 3 0

>

-1 1 0.00000E+00 1.00000E+00 1.00000E+00 !Nodal Values
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> -1 2 1.00000E+00 0.00000E+00 0.00000E+00
> -3 lend of the current block
> 9999 lend of data

The binary format applys only for data lines and the \end of the current block"
line (-3), which is omitted. All other lines are the same.

11.1 Model Header Record

Purpose: Defines the name of the model

Format:(1X,  1''C'A6)
Values: KEY, CODE, NAME

11.2 User Header Record

Purpose: Stores additional user informations regarding th e job
ie. user id, creation date, model informations

Format:(1X,” 1''U',A66)
Values: KEY, CODE, STRING

11.3 Nodal Point Coordinate Block

Purpose: Defines the nodal coordinates

1. Record:
Format:(1X," 2''C',18X,112,37X,11)
Values: KEY, CODE,NUMNOD, FORMAT
Where: KEY =2
CODE =C
NUMNOD = Number of nodes in this block
FORMAT = Format indicator
0 short format
1 long format
2 binary format, coordinates float
3 binary format, coordinates double

Following records (ascci, FORMAT=0 | 1):
Short Format:(1X,'-1',15,3E12.5)

Long Format:(1X,-1',110,3E12.5)

Values: KEY, NODE, X,Y,Z

Where: KEY = -1
NODE = node number
X.. = coordinates
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Following records (binary, FORMAT=2):
Format:(int NCOMPS*float)
int and float are ansi-c data-types
Values: NODE, X,Y,Z
Where:

NODE = node number

X.. = coordinates

Following records (binary, FORMAT=3):
Format:(int NCOMPS*double)
int and double are ansi-c data-types
Values: NODE, X,Y,Z
Where:

NODE = node number

X.. = coordinates

Last Record (only FORMAT=0&1 (ascii), omitted for FORMAT=2 &3):

Format:(1X,'-3")
Values: KEY

11.4 Element De nition Block

Purpose: Defines the topology of the elements

1. Record:
Format:(1X,' 3','C',18X,112,37X,11)
Values: KEY, CODE,NUMELEM, FORMAT
Where: KEY =3
CODE =C
NUMELEM= Number of elements in this block
FORMAT = Format indicator
0 short format
1 long format
2 binary format

Following records (ascci, FORMAT=0 | 1):
The following block of records must be repeated for each elem
The first record initializes an element definition:
Short Format:(1X,-1',15,315)
Long Format:(1X,-1',110,315)
Values: KEY, ELEMENT, TYPE, GROUP, MATERIAL

Where: KEY =-1
ELEMENT = element number
TYPE = element type, see section "Element Types"

GROUP = element group number, see command "grps
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MATERIAL= element material number, see command "mats".

Then the nodes in the correct order have to follow:
Short Format:(1X,'-2',1515)
Long Format:(1X,'-2',10110)
Values: KEY,NODE,NODE,NODE,NODE, ...
Where: KEY = -2
NODE = node number

Additional lines must follow if more nodes are used.

Following records (binary, FORMAT=2):
Format:(4*int nodes*int)
int and float are ansi-c data-types
Values: ELEMENT, TYPE, GROUP, MATERIAL,NODE,NODE,NDBE,N
Where:
ELEMENT= element number
TYPE = element type, see section "Element Types"
GROUP = element group number, see command "grps"
MATERIAL= element material number, see command "mats".
NODE = node number

Last Record (only FORMAT=0 | 1 (ascii), omitted for FORMAT=2 ):
Format:(1X,'-3")
Values: KEY

11.5 Parameter Header Record

Purpose: Stores informations related to datasets.
ie. bondary conditions and loads
They should consist of a keyword and a value

Format:(1X,” 1''P',A66)
Values: KEY, CODE, STRING
Where: KEY =1
CODE =P
STRING = Keyword Value (ie: FORCE 1000.)

11.6 Nodal Results Block

Purpose: Stores values on node positions

1. Record:
Format:(1X," 100','C',6A1,E12.5,112,20A1,12,15,10A1, 12)
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Values: KEY,CODE,SETNAME,VALUE,NUMNOD, TEXT,ICT¥fH,RANALYS,

FORMAT
Where: KEY = 100
CODE =2cC

SETNAME= Name (not used)
VALUE = Could be frequency, time or any numerical value
NUMNOD = Number of nodes in this nodal results block
TEXT = Any text
ICTYPE = Analysis type
static
time step
frequency
load step
user named
NUMSTP = Step number
ANALYS = Type of analysis (description)
FORMAT = Format indicator
0 short format
1 long format
2 binary format

I A WNEFO

2. Record:
Format:(1X,12,2X,8A1,215)
Values: KEY, NAME, NCOMPS, IRTYPE
Where: KEY = -4
NAME = Dataset name to be used in the menu
NCOMPS = Number of entities
IRTYPE = 1 Nodal data, material independent
2 Nodal data, material dependant
3 Element data at nodes (not used)

3. Type of Record:
Format:(1X,12,2X,8A1,515,8A1)
Values: KEY, NAME, MENU, ICTYPE, ICIND1, ICIND2, IEXIST, ISAME
Where: KEY =-5
NAME Entity name to be used in the menu for this comp.
MENU 1
ICTYPE = Type of entity
scalar
vector with 3 components
matrix
vector with 3 amplitudes and 3 phase-angles in
degree
14 tensor with 6 amplitudes and 6 phase-angles in
degree
ICIND1 = sub-component index or row number

N AN

1
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column number for ICTYPE=4
0 data are provided
1 data are to be calculated by predefined
functions (not used)
2 as 0 but flaged by cgx
ICNAME = Name of the predefined calculation (not used)
ALL calculate the total displacement if ICTYPE=2
This record must be repeated for each entity.

ICIND2
IEXIST

4. Type of Record: (not used)
This record will be necessary in combination with the reques t for
predefined calculations. This type of record is not allowed in
combination with binary coding of data.
Format:(1X,12,215,2013)
Values: KEY,IRECTY,NUMCPS,(LSTCPS(l),I=1,NUMCPS)
Where: KEY = -6
IRECTY = Record variant identification number
NUMCPS = Number of components
LSTCPS = For each variant component, the position of the
corresponding component in attribute definition

5. Type of Record:
The following records are data-records and the format is rep eated
for each node.

In case of material independent data

- ascii coding:
Following records (ascci, FORMAT=0 | 1):
Short Format:(1X,12,15,6E12.5)
Long Format:(1X,12,110,6E12.5)
Values: KEY, NODE, XX..
Where: KEY = -1 if its the first line of data for a given node
-2 if its a continuation line
NODE = node number or blank if KEY=-2
XX.. = data

- binary coding:

Following records (ascci, FORMAT=2):

(int, NCOMPS*float)

int and float are ansi-c data-types

Values: NODE, XX..

Where:
NODE = node number or blank if KEY=-2
XX.. = data
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In case of material dependant data
REMARK: Implemented only for NMATS=1
- first line:
Short Format:(1X,12,415)
Long Format:(1X,12,110,315)
Values: KEY, NODENR, NMATS
Where: KEY =-1
NODENR = Node number
NMATS = Number of different materials at this node(unused)
- second and following lines:
Short Format:(1X,12,15,6E12.5)
Long Format:(1X,12,110,6E12.5)
Values: KEY, MAT, XX, YY, ZZ, XY, YZ, ZX ..

Where: KEY = -2
MAT = material-property-number if KEY=-2 (unused)
XX.. = data

Last Record (only FORMAT=0 | 1 (ascii), omitted for FORMAT=2 ):
Format:(1X,'-3")
Values: KEY

12 Pre-de ned Calculations

Listing of the automatically calculated additional result s.

12.1 Von Mises Equivalent Stress

Entity name: Mises

14
v = pE (x y)2?+(y 2*+(z x)?+6 5Z+6 3+6 3

12.2 Von Mises Equivalent Strain

Entity name: Mises

14
w =2=3 F’E ( x y)2+(y 2)?+( 2 X)2+6§z+6§x+6)2(y

12.3 Principal Stresses
Entity names: PS1, PS2, PS3, worstPS
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The principal stresses are named PS1, PS2, PS3. From the three principal
stresses the absolute maximum value will be calculated and named worn$S.
For example if a node has the three values 100, 0 and -110 MPa¢h -110 MPa
would be shown. The three principal stresses; . 3 are derived from the
following equation:

2 32 3 2 3
XX Xy Xz nx 0

4 VX W vz 54 ny 5=-4095
zx zy 2z nz 0

They are given by the three roots of the equation (stress tens is symmetric:
xy = yx €tc.):

3 + 2 2

2
(xx+ yy T zz) +( xx yy T oy zz 2z XX Xy yz

2 2 2 2 _
zx) (xx yy 22 +2 Xy yz zx XX yz yY  zx 2z xy)_o

12.4 Principal Strains

The same algorithm is applied to the strain tensor as outling for the stress in
"Principal Stresses".

12.5 maxShear Stresses

Entity name: maxShear
This is the maximum shear-stress:

maxShear =0:5 max(( 1 3);( 1  2;(2 3)

12.6 Cylindrical Stresses
Entity names: SXX, STT, SRR, SXT, STR, SRX

The Cylindrical Stresses are truly cartesin stresses in a dindrical system re-
garding the node-position relative to the axis of the cylindical system. The
stress-tensor is rotated individually for each node. They & calculated on de-
mand (seelfrfnd).

13 Meshing rules

Some rules must be ful lled before a geometry is meshable (sfmesh). For linear
elements (ie. qu4 or he8), the sum of all divisions (sde_div)feach surface must
be even. In case of quadratic elements (ie. qu8 or he20) thisusy must be
divisible by 4 without residue. Opposite edges of a given sdiace might have
di erent divisions. For example on the left side of a given suface the division
is 8 and on the right side it is only 4. But only two opposite surfaces of a body
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can use this feature. These surfaces are called top and botto surfaces. All
other surfaces of this body must have unique divisions on opgsite edges. In
case of 3 sided surfaces it is necessary to apply a minimum don su cient
for two elements along the edge. The only exception is the efeent tr3u (see
[eTty) which allows a division of one.

A body can not be meshed when the shape of the body is very fardm being
brick-like. The body might be subdivided to improve the shapes of the single
ones. There is a restriction for the de nition of ve- or seven-sided bodies. The
rst two surfaces in the body-topology (see[gbodl) have to be @ ned in the
same order. That means the rst line of the rst surface has to be connected
with the rst line in the second surface by one of the remaining surfaces. This
is always the case if the body is a product of a[*swgp" command.

14 User-Functions

The user might de ne his own functions to manipulate the meshor the re-
sults with the user function stored in le "userFunction.c" . See the command
"Eallt how to call a user function. The user can generate new ndes, elements
or datasets or extend or manipulate existing datasets or inerfaces to other
software. The le "userFunction.c" includes an example which calculates the
hydrostatic stress and stores the result in a new dataset. Thre the user can see
how to deal with datasets.

A  Known Problems

A.1 Program is not responding

If the program seems to hang then leave the window with the mose pointer
and go in again. If that does not help then probably a command $ waiting for
input. Stay with the mouse pointer inside the window and pres the "q" key
several times. Another very popular error is to move the mous-pointer into
the xterm were the typed commands and the protocol is visible Please, the
mouse-pointer MUST stay in the main-window during typing!

A.2 Program generates a segmentation fault

Write a mail to the author and, if possible, add the input- le .[3].

B Tips and Hints

The following collection will give you background information and procedures
to deal with common situations.
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B.1 How to change the format of the movie le

Use a shell command like convert to split up movie.gif with mdtiple layers into
multiple frames, as seperate jpeg les:

convert movie.gif %d.jpg
Convert any series of multiple jpeg les into WMV format with :

mencoder 'mf://*.jpg' -mf type=jpg:fps=25 -ovc lavc -lavc opts
vcodec=wmv2 -0 movie.wmv

To convert a video le into avi format use this command:
mencoder <videofile> -ovc lavc -lavcopts vcodec=flv -of av i -0 movie.avi

In general:To convert a video le from one format into the other, use the program
"mencoder”. It comes with the mplayer packages.

mplayer movie.wmv

B.2 How to get the sets from a geo- or ccx-inp le for
post-processing

Quite often it is usefull to have the already de ned sets fromthe pre-processing
or/and the calculation available when doing the post-processing of results. The
sets de ned in the ccx-input le (.inp) can either be read together with the
results (.frd) at start-up:

cgx results.frd input.inp

or the user may read them during run-time

read input.inp nom

(see \read"). When it comes to the sets de ned in the geo le a dightly di erent
approach is needed. The geo le must be read before the resulie. So the user
starts cgx in the build mode

cgx -b geo le.fbd

meshes the model (see[imes$h”) and then read the results

read results.frd nom

and optionally the input le. Be aware that the parameter \no m" is essen-
tial here. Use to get an overview over the available sds.
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B.3 How to de ne a set of entities

Some knowledge is necessary to e ciently select entities (ades, points ..). As a
golden rule in complicated situations never try to create a st just by "adding"
the entities to the set (see[gad{l). It is much better to catch abigger group
which includes certainly the wanted ones. Then display the st with the
command and remove all unwanted entities with thegrern commad. Entities
are selected if at least one pixel of it is inside the selectiorectangle. But there
is one exception: Only the lower left corner of any text (name of points etc.)
can be selected. Surfaces can also be selected by picking #isaded interiour
(see Yep)". You might add all lower entities (as points for example) by typing
"pomp] set do”. This is necessary for example if you had seleed surfaces and
you want to move them in space. Only points have locations andtherefore
nothing will happen unless you completed the set by the relagéd points with
"comp" command.

There is another type of set called sequence. The data-striire is the same
but with one exception, the data keep their order in which they were selected.
This type of set is used for splines (see["qlih" and [Tiné") or in combination
with the "graph’] command if values along a path should be dispayed. Use
"prnisq" to list all existing sequences and use [gsep" or [seE" to create them.
Up to now they are only used to store nodes and points. As setshey will be
written to a le if fbd format is speci ed. In this case also no de-sequences can
be stored.

B.4 How to enquire node numbers and values at certain
locations

A very common problem is how to get the exact value on a node patson during
post-processing. To actually get the value add the elementdges to the view
(seq Toggle Element Edggs) and typggemnq and press the RETURKey (during
typing the mouse-pointer MUST stay in the main window, do NOT move the
pointer into the xterm). Then move the mouse-pointer over the location of a
node and press the "n" key. The node-number, the value at thathode and the
location will be written in the xterm from which the cgx was started. See also
the "gmg' command for batch controlled value extraction.

B.5 How to write values to a le

When you need to write certain values (see[lvalll") to a le you may use the
‘echo’ system command:

Choose the relevant dataset (menu or ds command)
Add the relevant nodes to a set (qadd sethame or seta sethname .n)
Open the stack: stack on

Place node-values on the stack: prnt se sethame
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Store the node: valu nodl1 pop
Store the value: valu vall pop
Write to le: sys echo Node nodl Value vall>| le.txt

See also " and \vhile! and see the demo in \[Fand while demd' on how to
work with this commands. They are usefull for automatic postprocessing.

B.6 How to select only nodes on the surface

Some times you need to select nodes only on the surface of theesh. This can be
done when the mesh is displayed in the surface mode (s€e "TdggSurfaces/Volumes")
using the menu-entry '[Show Elements With Light]. To nd node positions
more easily add the element edges to the view (s¢e Toggle Elemt Edges).

A di erent way uses the element-faces (see["pIdt" with parameter "f"). Store
the desired faces in a new se{(gadd) and complete the set dowards (\comp]
set do"). Check the selected nodes with \plot n sethame”.

B.7 How to generate a time-history plot

So called time history plots can be created based on a previsudisplayed se-
quence of data-sets (sed "Toggle Dataset Sequehce") withécommand fgrapf".
It is also possible to use only the command line. For example:

dsles3
ds1210
graph set t

will produce a time history plot for the nodes stored in set ower all loadcases
from 1 to 10 for the entity nr 3. Or

graph set t DISP D1

will display the displacement in direction 1 for all loadcases. For more details
and other options look into the "graph]' command description.
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Figure 11: example of a time-history plot

B.8 How the mesh is related to the geometry

Very often you need the embedded nodes, element-faces ormlents of geometric
entities to apply boundary conditions. If you understand the underlying concept
you will be able to get them more easily.

Geometric entities are the mothers of nodes, faces and elemis (so to say)
and will remember them. In turn if an entity is not the mother o f a given mesh-
entity it will not remember it. Therefore a body will only kno w about nodes
which are not placed on surfaces, lines or points. A surfaceilvonly know about
nodes which are not placed on lines or points. And so on.

Therefore if you need the nodes on a surface and not only the @s just inside
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the surface, then create a set with this surface and do af*tomyset do". This
will add the lines and points together with their nodes to the set.

On the other hand if you have only a node and you need the geomst entity
in which the node is embedded you might also type "comp set da"

B.9 How to change the order of elements

Use the command [mid3$" to change from second order to rst orcer or vice versa.
In this case the amount of elements will not change. Or use theommand '[send"
with the parameter \quadlin" to change from second order to rst order. But

in this case each second order element will be splitted in 8 st order elements.

B.10 How to connect independent meshes

Sometimes it is advisable to "glue" independent meshes togker instead of
trying to create one big seamless-mesh. Or you just want to @ate a contact
formulation were you know that no separation will happen. Inthis situations you
might use equations (also called mpc's) which connect one gendent node with
one or more independent nodes. The independent side shoulcekzoarser than
the dependent side to avoid gaps in the connection. See the konand "Send in
combination with the option "areampc" how to create such comections. Sliding
and xed contact as well as press- ts can be modelled. The neessary sets should
be de ned based on geometry not on the mesh. In this case the dation will
be stored with the "save" or "exit" command and can be used afer the next
program call.

Background: The movement of each location in an element (orwits surface)
is fully described by the movement of its associated nodes akits shape-function.
In an iterative algorithm element-coordinates are varied wtil the real-world
coordinates of a dependent node are matched. Based on the glent coordinates
the shape function gives the participation (weight) factors of the independent
nodes (the coe cients in the mpc's). This approach delivers valid results as
long as the dependent node is not located outside of the indgmdent element.
Therefore the location of the dependent node has to be modi @ in such cases.
The dependent will be moved to the surface of the independentlement (again
decribed by its shape-function) and the procedure is repea&d.

B.11 How to de ne loads and constraints

Loads and constraints are not saved in any database. They ar@ust created
and written to a le with the "sénd"lcommand. But the sets whic h are needed
for the de nition are stored together with the geometry if you type the "savg"
command. Of course the sets must have been de ned based on geetry and
not based on mesh entities like nodes because mesh-entitiage not saved with
the "save" command. You must know that geometry-sets know aso their mesh
entities after a "mesA" command. If you store your commands b write the
boundary conditions in a le you can easily repeat them by jug reading this
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Figure 12: Dependent node on element face to create a connént

command- le (see '[read"). Several types of loads can be apfd. That is
forces, pressure, thermal-heat-coe cients and radiationetc. For unsupported
loads write a set of element-, node- or face-labels (paramet "names") and apply
the desired load to that set in the solver input- le. Other boundary conditions
like single-point-constraints for structural, thermal and uid-calculations can be
written. The sliding condition (parameter "slide™) were no des are bound to the
element-faces to which they belong can be used for structutacalculations or
for uid calculations. In the later case it forces the ow to f ollow the surface
of the elements. This is necessary in inviscid calculationso prevent the uid
to penetrate the walls. Results from a previous calculationcan be written in
the solver input format for further calculations (parameter "ds", "tmf" etc.).
For example temperatures for thermal mechanic fatigue analsis or velocities,
pressures and thermals for a restart of a cfd calculation.

B.12 How to map loads

Values at nodes can be mapped (interpolated) from a second reb with the
"map] command. This second mesh (data source or \master") isusually avail-
able as a result- le from a previous calculation. The fread" command with the
\add" parameter can be used to include this le in the current model. Solver-
input les (inp) and result les (frd) can be used as a data source. The command
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will add an o set to the nodes and elements so that existing naes and elements
will not be overwritten. The original mesh is the target or \s lave" of the map-
ping process. The mapping process will add the values to theadaset(s). The
mapped values can be visualized by selecting the mapped datat and entity and
then by plotting the slave elements or faces with [plof fv slave". An example
of the necessary commands for the mapping process (2D to 2D3 listed below:

Define a set with the slave nodes or faces. For example with:
gadd slave
comp slave do (to extend the set by the referenced faces or
nodes)

Then open a set and read the master-model:
seto new
read result.frd add
setc

If necessary move 'new' in space to match the position of the
slave (see “move").

Add the faces to the 'new' set

(only nodes and elements are already stored in "new"):
comp new do
plot f new

Define the master set:
gadd master (catch the right faces)
comp master do

Map the values of dataset 1 with:
map slave master surf dsl

Check the mapping with:
dslel
plot fv slave

Write the file with the mapped values:
send slave abq pres dsl el

Check the file “slave_dslel.dlo" with an editor and use it
in an inp-file.

If the master values are not available in either inp or frd format but in any
other format which can be read by cgx (isaac, openFoam ..) its then possible
to write them in frd format with the "send”lcommand.
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B.13 How to run cgx in batch mode

Most commands can be executed in batch-mode. Actually if youead a le with
geometry (fbd- le) then you run cgx in batch mode already! You just have to
add "exit" or "quit" at the end of the le and it will be obvious . You might use
the "feadl' command in such a command- le to reference other ommand- les
or to read les with mesh-entities for whatever purposes. Insuch a way you
can create and modify geometry or meshes in batch-mode or elvmte results
in batch-mode. But you need a graphic-capable computer beasse cgx needs it
also if no graphic output is requested. Nevertheless the popp of the graphic
window can be suppressed by starting cgx with the \-bg" paraneter.

Some commands make only sense in a batch le like(Wif* and fwhig'. Please
have a look into \[f and while demal' on how to work with this com mands.
Results can be extracted and stored to a le, see[\How to writevalues to a Tel'

Be aware of the 'examples' directory. It holds examples on he to use the
command language as a programming language. The 'ifwhiledeo’ generates
points in a loop and shows how to write cgx generated values t@a le. The
‘'userDataset' shows how to generate a user dataset for a tengpature eld based
on the z coordinate of the nodes.

It should be noted that a successive 'save' or 'exit' commandwill overwrite
the batch le if it has the le-extension ‘fbd'. To prevent th is the user should
use a di erent extension like 'fbl'.

When executing commands which increase the used space theémiight hap-
pen that geometry is clipped and can not be seen or accessedyamore. In such
a case a [framé" command is needed. This command is usually @mmatically
triggered. Especially in batch mode without graphic output it solves sometimes
strange situations.

If the command \[nif"] or \Wsize™is used then they have to be used in the
very rst line. Otherwhise the window dimensions take only eect after the
batch le was completely parsed and executed.

B.14 How to process results

The node results can be modi ed or used to generate derived sellts. There are
basically three levels of operations.

The easiest one is to just multiply with a factor, add a number or use an
exponent to all node results of a certain dataset with the [d¥ command.

The next level is using variables which can be used to do caltations based
on results and can be written back to an existion dataset or a Bw one. This
requires a good knowledge of the way cgx works and of the nesassy commands
(", "while™] "stack™]"valu", leng"prnf~,_ds", [Sys [ etc.). In this way data
can be written to a le with the \sys*jcommand (using echo) were an external
program might be invoked by the \sys" command which in turn could provide
data for cgx.

Finally, complex operations can be coded in C in the le userkinction.c.
The user function is activated by the "call' command. A new compilation of
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cgx is required unless a dynamically linked library is used.

B.15 How to deal with cad-geometry

In general hexahedra-elements perform better than tets butf the mesh should
be derived from a cad-geometry it is often more convenient t@reate a tetrahedra
mesh as to modify or rebuild the geometry to make it meshable vth hexahedra-
elements. The following section gives some hints which alteatives are available.

The CAD format is supported by a stand alone translator (see he calculix
home pages). In this case the user can mesh the surfaces wittnutured-

[13] (elty setname tr3 etc.) or unstructured triangles [14] (elty sethame
tr3u etc.). The user might modify this surface mesh until he s happy with

it. The surface mesh can then be lled with tets created by an aternal

auto-mesher called from within cgx (mesh setname tet). The gx uses the
tet-mesher from NETGEN [4] for this task.

Therefore cgx can only generate a tet-mesh if NETGEN is instded and the
program ng.vol (part of NETGEN) is accessible. For the full functionall ity
replace the original ngvol in the NETGEN package with the modi ed
program ng-vol from the cgx-distribution and build it again. This versi on
regards a target element size.

For CAD models in STEP- or IGES-format you may consider to usea
tet-mesher like NETGEN [4] which often generates quite nicetet-meshes
with very few user interaction. You can read this meshes withcgx and
combine them with cgx-geometry and meshes. Then create youyoundary
conditions etc. You might read the native-netgen format (.vol) instead of
abaqus-format because this includes the 2D meshing regioris separate
sets which can be used to apply boundary conditions (\cgx -ngle.vol",
see "Program Parameters"). See \prnt" how to list the available sets.

A simple step-reader is integrated in cgx (cgx -step lenamé. It can deal
with points and lines. This is su cient for axis-symmetric s tructures like
a rotor but the experienced user might also use the following@pproach for
more complex geometries: You start with a le containing a 2D-section,
subdivide it in mesh-able surfaces and sweep it in the 3rd dimnsion to
create your geometry (see swep). If features exist in the 3rdlimension
then this features must be included in the 2D-section. Sweeghe 2D-
section to the location were the feature starts, then right to the end and
at last to the end of the geometry. Delete the unwanted bodiesbefore
and after the feature. You might project the sweped sectiondo a target
surface if the feature is shaped in the 3rd dimension (see pjp

Sometimes the geometry consists of several (maybe even id&al) parts
which are arranged on di erent positions in space. This is ced assembly.
When cgx is started with the parameter \-stepsplit" instead of \-step"
it will write the single parts to separate directories using their original
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coordinate systems. The user can prepare meshable geometoy meshes
based on them. But he must use the lenames which he nds there The
nal meshed assembly can be build afterwards by calling thelfl- le which
was written by cgx. This fbl- le contains the original step- commands to
position and eventually duplicate the single geometries/neshes from the
subdirectories.

The following section describes the process to generate attmesh with cgx
based on a cad model:

Figure 13: CAD-geometry meshed with tet-elements

Install and use the propper interface program to convert thecad format to
fbd format (You nd example data (vda,iges,step) in Calculi X/cgx _x.x/examples/cad)

(ie: vda2fbd halter.vda > halter.fbd).

Remark: In some cases the header of the vda le causes troubdnd must
be modi ed to make the program run.

Start cgx with that le (cgx -a halter.fbd). Usually some war nings appear
on the screen but the program will x that automatically (tri ggered by
the parameter -a). After all geometry has been read the progem will
merge points and lines to close the volume. If problems occuthe user
might start the program with option -b instead of -a (cgx -b halter.fbd).
Then no automatic post-processing is done and the user has tprepare
the geometry manually. See the commands merg, div, qdiv, dh, rep.
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Then all nurbs related surfaces might be shaded (optional, he openGL
extension library GLu is used for that matter). This has to be done
manually by typing rst\rep all" and then \plus si all". Thew hole process
might need some time. If a surface points inwards it is not iluminated
and appears only dark grey. Flip the surfaces in a way that itsnormal
direction points outwards (use "q p". Press the "a" key to selet the \all"
mode and then select a correctly oriented surface by presginkey "s", all
other surfaces willimmediatelly use the same orientation) The orientation
X can also be done later after the surface mesh is available yselecting
a wrong oriented element (dark grey) with 'q p' (key \e").

De ne the element type (see elty). In most cases it is advisale to use
triangles rst (tréu) and not directly tetraeders (tel0) be cause this has
the advantage that the surface mesh can be interactively impoved before
the tets are generated. Remark: If you choose tets from the kggnning,
you must identify a set which holds an existing body (if only one body
exists, its the set 'all’) or you must create a body with \body ! all* before
you can assign tets using the \elty” command.

Type the command "mesh all* to generate the surface-mesh (gmesh).

Visualize and check the mesh ("plot f all\). If the command "p rnt info"
lists "ed:0" then the mesh is closed and ready to be used for taneshing.

If some surfaces can not be meshed then modify the divisiond the lines
of this surfaces (see "qdiv" or "gmsh") or chose the structued element
type tr6 for this surfaces. Or de ne a certain element-size tansition with

\elty". See especially the command "gmsh" to x parts of the surface-
mesh in a convenient way since this command combines severaher ones
(for convenient usage of \gmsh" display the elements \plot eall y\ together

with faces \plus f all\ and add the lines with \plus Ip all \ an d \plus Id

all ). You may switch on the element edges with "view" elem.

In some cases surfaces are not meshable when you combinedfaaes with
\gmsh". The referenced NURBS might be too small to cover the vhole
surface. Without such a related nurbs no unstructured mesh an be cre-
ated. If structured elements are no solution you may delete e related
NURBS from the surface de nition with "qsur" and key 'b'. The n store
the surface in a set and create a new NURBS with \nurs ! setnamké
The surfaces stored in the set will produce NURBS based on th€oons
algorithm [13]. If the surface shape matches a primitive shpe you may
also use the "gshp" or "shpe" command to assign the matching Isape.

Generate the tet mesh (\mesh all tet\). A target-size for the tet-elements
can be specied if \ng_vol" from the cgx distribution was installed (for
example \mesh all tet 2.5\ will de ne a maximum element-size of \2.5").
If the model consists of several unconnected parts separatbem in single
sets and mesh one after the other (see seta, qadd, gqrem, comp)
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Create sets of nodes, faces or elements to create boundarynclitions (if
you had not created them already based on the geometry) and gport
them with "send".

Create the input deck for ccx with an editor and start the calculation.

Look at the results with cgx (cgx results.frd).

B.16 How to check an input le for ccx

A quick check of a ccx input- le can be done with cgx by readingthe le with
the option -c (cgx -c le.inp). After startup all de ned node -, element-, and
surface-sets are availabe together with internal sets whit group togeter certain
entities according to their purposes. The following interral sets will be created
if appropriate data were found:

+bou(DOF): Created if *BOUNDARY is found. All a ected nodes are
stored in +bou were +bou(DOF) store just the nodes which are ©n-
strained in the related DOF number.

+dep(BOU): Created if *EQUATION is found. All dependent nod es are
stored in +dep.

+ind(BOU): Analog to +dep.

+clo[nr]: Created if *CLOAD is found. The nr counts the number of
appearance.

+dlo[nr]: Created if *DLOAD is found.
+mpc[nr]: Created if *MPC is found.
+rad[nr]: Created if *MPC is found.

+ m[nr]: Created if *FILM is found.
+c x[nr]: Created if *CFLUX is found.
+d x[nr]: Created if *DFLUX is found.

+tie[1|2]: Created if *TIE is found. The set +tiel stores the s lave entities
and +tie2 the master. The single sets which de ne the contactareas are
linked together so if identi ed with the \qeng" command the r eferenced
(linked) opposing set is listed in the xterm.

+trans...: Created if *TRANSFORM is found. The name consists of the
de nition of the transformation.

+[elty]: Created for all known element types like *C3D20.
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Check the element quality with \Show Bad Elements" or use \egal" to set
thresholds and \plot" or \prnt" to actually plot or list the a  ected elements.
Forces regard their referenced coordinate-system (*TRANSORM). The val-
ues are automatically transformed into the global cartesia system so that the
vectors point in the correct direction.
Multiple load de nitions inside one *STEP on a single entity will sum up
(ccx compatible). This applies to ¢ ux, d ux, cload, dload.

B.17 Remarks Concerning Ansys

The cgx is capable to write the following mesh entities to les (see \send", the
necessary key-parameters are listed in brackets below):

Nodes and Elements

Sets of nodes and elements (nam)
Single point constraints (spc)
Equations (areampc)

Pressure (pres)

Temperatures (ds, all datasets with just one entity will be written as
temperatures)

The resulting les have to be combined with the help of an edibr and extended
by material-data and the necessary controll-commands.
So far results can not be read.

B.18 Remarks Concerning Code Aster

From Paul CARRICO (2005/02/12)

Brief presentation of CODE ASTER: Code Aster is an implicit solver under
GPL licence from the French company EDF (Electricie de France).

Code Aster and its documentations is downloadable at the fdbwing address:

http://www.code-aster.org

(NOTA : the documentation is in French at the moment but many u sers are
translating it in English and in German)

The following list is not exhaustive but it brie y presents t he capabilities of
the solver:

Mechanical modeling: Code aster allows linear and non lineecalculations
in static, dynamic, acoustic etc. Many mechanical laws aremplemented in
the solver such as damage, fatigue, creep, viscosities (stec, plastic) etc.
For isotropic and non-isotropic materials (orthotropic ones for example).
Because of EDF elds, the materials used in Code Aster are esstially
Metallic ones and Geo material one, but there are probably sme others.
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Thermal and thermomechanical calculations: The Thermal stver per-
forms linear and non-linear calculations for pure thermal tut also for
thermomechanical simulations.

Input interface: EFICAS is the input interface for coding th e input le,
but it's not a pre-processing as you can nd in many commercid code.

Tools: Many tools are provided with Code Aster: HOMARD for mesh
re nement, GIBI and GMSH for post-processing.

CGX to ASTER export format (i.e HOWTO use this export format) The
export format allows to export meshes and sets from CGX to Cod Aster for
linear and quadratic 1D, 2D and 3D elements. For this, just type: 'send all
aster' for exporting a complete mesh. The le will have the "mail' extension.
Type 'send set aster nam' for exporting the GROUP-NO (node goup) and the
GROUP-MA (mesh group) which compose the set. The le will have '.nam'
extension

The later item is particularly useful to apply boundary conditions onto
(DOF, pressure, force, displacement, temperature, etc.).Since of these bound-
ary conditions are coded with EFICAS in the input le, | thoug ht it was not
necessary to develop another features than the 2 previous es !

So far results can not be read.

B.19 Remarks Concerning dolfyn

Some support for dolfyn (a free cfd code) was provided by RumaTenfjord.

In the CalculiX/cgx _(nr)/lexamples/dolfyn directory is a patch for the dolfyn

source-code included. This patch enables dolfyn to write fi-result les which
can be visualized with cgx. There is also an example which allvs cgx to be
used as an pre-processor for dolfyn. The mesh can be writtem idolfyn format
with the command "send".

B.20 Remarks Concerning Duns and Isaac

If you intent to create a 2D-mesh for the cfd-code duns or isaa you have to
watch out that all surfaces are created in the same order. Thameans that all
surfaces must be de ned clockwise or counter-clockwise. Fdsaac they have
to be clockwise if you look in z direction. The block-structure can be detected
only in this case. You can check the mesh by simply mesh it witHinear shell-
elements and display them. All elements must be either dark pilluminated. A
later \q p" or \ ip" command will not cure wrong oriented sur  faces since it only
changes the \sign" in their de nition and not the basic edge ssquence, which
is necessary here. The results of a calculation can be openég specifying the
parameter (-duns2d -duns3d -isaac2d -isaac3d) and the lemae without any
extention(cgx -isaac2d RAE2822). See also "Program Paranters”, "mesh",
"send". Watch also the airfoil-example in the distrib.
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B.21 Remarks Concerning Nastran

The cgx is capable to write the following mesh entities to les (see \send", the
necessary key-parameters are listed in brackets below):

Nodes and Elements
node displacement coordinate system (see command \csysa")
Single point constraints (spc)

Equations or RBEs (areampc, to glue components. A previous@mmand
\asgn" de nes if mpcs or rbes will be created)

RBE2 ( mpc, for rbe-spiders)
Pressure (pres, so far only CHEXAS8)

Temperatures (ds, all datasets with just one entity will be written as
temperatures)

The resulting les have to be combined with the help of an edibr and extended
by material-data and the necessary controll-commands.

The f06- le with results can be read (so far only CHEXA with di splacements
and stresses).

B.22 Remarks Concerning NETGEN

It is not necessary to write the mesh in abaqus format if you us netgen as a
mesher. The native netgen format (.vol) can be read by cgx (cg -ng le.vol)
as well. The netgen mesh format (.vol) includes the surfac@atches which were
de ned by the edges of the model and used for the generation a¢he volume-
mesh. This patches can be used to de ne boundary conditionsrooads. The
nodes and faces of this patches are stored in sets named \+dat]". To get
an overview over the patches type \prnt se". To see were the piches are lo-
cated type \plot f all* and use the \PAGE _DOWN"-key to scan through all sets.

A netgen surface mesh can be written based on faces of elemsniThe faces of
hex, tet, quad and tria elements are triangulated and written in the stl format

which can be read by using the netgen-gui or the stand-aloneatgen mesher for-
mat (le.ng). This mesher can be found in the netgen sub-diretory nglib and

is named ngvol. It will create tet4 elements which use and keep the shapef

the provided tri3 elements. To improve the meshing results \ith the netgen-gui

the user could create own edges based on the stl triangles oead and manip-
ulate the netgen created edges with cgx and then write them bek. To read

the edges: In NETGEN open the stl-doctor and go in the edges nmei. There

delete all edges with "all unde ned" then load the edges with"load edgedata”

and activate them with "candidate to con rm".
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B.23 Remarks Concerning OpenFOAM

The mesh can be written in OpenFOAM polyMesh format with the command
"send". If you work in the polyMesh-directory of the OpenFOA M case then all
mesh-related les will be already in place. So far the physial-type is not written

in the boundary le as it is not mandatory. The results of an OpenFOAM
calculation can be viewed by specifying the parameter -foanand the case (the
relative or absolute path including the directory-name of the case). See also

"Program Parameters”, "mesh".

B.24 Remarks Concerning Samcef
From Paul CARRICO (2006/04/17)

BASIC TUTORIAL FOR HOWTO USE THE SAMCEF EXPORT FORMAT

1- Definition of the points
pnt pO 0 0 O

pnt p1 1 00

pnt p2 010

pnt p3 210

plot pa all

Definition of the lines
plus | all
glin (link the points p0 pl p3 p2 p2 p0)

AAN

3- Creation of the first surface
K: gsur

4- Creation of 10 (between p0 &pl) and I1 (between pl &p3) sets
K : gadd lo
K : gadd I1

4- Creation of the 2 other surfaces
K:sweplOIltra0-30
K:sweplIlIlbtra -3 00

5- Creation of the SYMETRY set

K : plot s all

K : gadd SYMETRY (use both a and rr keys to select all the
surfaces)

6- Creation of the volumes

K : swep SYMETRY s1 swep tra 0 0 1 (all the volume will be
automatically created)
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7- Looking for common points, lines and surfaces

In the order :
K : merg p all
K : merg | all
K : merg s all

8- Creation of the LOAD set and ANCHORAG one
K : gadd LOAD (use rr keys to select the surface)
K : gadd ANCHORAG (use rr keys to select the surface)

NOTA : It's easy to verify the different sets ; for example :

K : plot b all (you can see all the volumes)

K : plus s LOAD (you can see the set LOAD)

K : plus s ANCHORAG

K : plus s SYMETRY

9 - Mesh

K : plot Id all

K : div all mult 2

K : elty all HE20 (to specify HEXAHEDRA with 20 nodes)

K : elty LOAD qu8 (to mesh the set LOAD otherwise no quads will
be created)

K : elty ANCHORAG qu8

K : elty SYMETRY

K : mesh all (to mesh the part with all.dat name)

K : send all sam (to export the mesh into Samcef format)

K : send LOAD sam nam (to export groups into Samcef format)

K : send ANCHORAG sam nam (see previous remark)

K : send SYMETRY sam nam

10- Modifications
It's possible now to make some modifications :

a- open all.dat file with your favorite text editor (Vi for me )

b- open ANCHORAG.nam & the SYMETRIC.nam files and do the same
previously

c- concatenate under Linux the files using the following sch ema :

cat all.dat LOAD.nam > s1l.m

cat s1.m ANCHORAG.nam > s2.m

cat s2.m SYMETRY.nam > part.dat
(all the sx.m files will be erased afterward)
d- open PART.dat file and go to the end => then add RETURN
e- the mesh file now works with Samcef

Another interesting way : add for each .nam file an input in yo ur
bank file:
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input "part.dat"

input "LOAD.nam"

input "ANCHORAG.nam"
etc. ...

11 IMPORTANT REMARK

After, it's possible to modify the mesh into BACON (extrusio ns,
etc. ...);

that's why the element hypothesis is not added at the end of th e
file ;

=> you must define the element definition AFTER the last mesh
modification ((HYP MINDLIN)

12- Comments

if you've any remark or any comment or any suggestion to impro ve
this export format, please send a mail to paul.carrico_at_f ree.fr

So far results can not be read.

C Simple Examples

The following listings show simple geometry input- les. The pictures show this
geometry together with their labels and the generated mesh.The models were
made based on three points. Two points de ned one axis of rotdon and one
was the basis of several "swep" and "merg" operations. In cas of the sphere
the surfaces on the pole had to be rede ned using only three ties per surface.

C.1 Disc

PNT py -0.00000 1.00000 0.00000
PNT pO -0.00000 -0.00000 0.00000

PNT POO1 0.70711 -0.00000 -0.70711
PNT PO0O3  -0.00000 -0.00000 -1.00000

PNT POO5  -0.70711 -0.00000 -0.70711

PNT PO0O6  -1.00000 -0.00000 0.00000
PNT PO09  -0.70711 -0.00000 0.70711
PNT POOA 0.00000 -0.00000 1.00000
PNT P0O0G 0.70711 -0.00000 0.70711
PNT POOI 1.00000 -0.00000 -0.00000

LINE LOO1 POOI POO1 pO 4
LINE LOO2 POO1 P0O03 pO 4
LINE LOO3 POO3 pO 8
LINE LOO4 pO POOI 8
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Figure 14: disc made of four 90 degree segments

LINE LOO5 PO03 P0O05 pO 4
LINE LOO6 POO5 P006 pO 4

LINE LOO7 P006 pO 8

LINE LOO9 P0O06 P0O09 p
LINE LOOA P0O09 POOA p
LINE LOOC POOA pO 8

o

4
4

o

LINE LOOG POOA POOG pO 4
LINE LOOI POOG POOI pO 4

GSUR A001 + BLEND
GSUR A002 + BLEND
GSUR A003 + BLEND
GSUR A004 + BLEND
ELTY all QU4

C.2 Cylinder
PNT pO -0.00000

- LOO3 - LOO2 - LOO1 - LOO4

- LOO7 - LOO6 - LOO5 + LOO3
- LOOC - LOOA - LO0O9 + LOO7
+ L004 - LOOI - LOOG + LOOC

-0.00000 0.00000
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Figure 15: cylinder made of four 90 degree segments

PNT py -0.00000 1.00000 0.00000
PNT pl1 1.00000 -0.00000 0.00000
PNT P0O01 1.00000 1.00000 0.00000
PNT PO002 -0.00000 -0.00000 -1.00000
PNT PO03 -0.00000 1.00000 -1.00000
PNT POO6 -1.00000 -0.00000 0.00000
PNT PO07 -1.00000 1.00000 0.00000
PNT POOA 0.00000 -0.00000 1.00000
PNT POOC 0.00000 1.00000 1.00000

LINE LOO1 pl POO1 2

LINE L0O02 P002 P003 2
LINE LO03 pl P002 pO 8
LINE L0O04 P001 P003 py 8
LINE LOO5 P006 P007 2
LINE LO0O6 P002 P006 pO 8
LINE LOO7 P003 P007 py 8
LINE L0O08 POOA POOC 2
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LINE LO09 P0O06 POOA pO 8
LINE LOOA P007 POOC py 8
LINE LOOI POOA pl pO 8
LINE LOOJ POOC P00l py 8
SHPE CYL1 cyl po py 1.

GSUR A001 + CYL1 - LOO1 + LOO3 + LOO2 - LOO4
GSUR A002 + CYL1 - LO02 + LOO6 + LOOS5 - LOO7
GSUR A003 + CYL1 - LOO5 + LO0O9 + LOO8 - LOOA
GSUR A004 + CYL1 - LOO8 + LOOI + LOO1 - LOOJ
ELTY all QU4

C.3 Sphere

Figure 16: Segment of a Sphere

PNT py -0.00000 1.00000 -0.00000
PNT pl 1.00000 -0.00000 -0.00000
PNT P0O0O1 0.70711 -0.00000 -0.70711
PNT P003 -0.00000 -0.00000 -1.00000
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PNT
PNT
PNT
PNT
PNT
PNT
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE

P0O06 0.70711 0.50000 -0.50000
PO08 -0.00000 0.70711 -0.70711
PoOOC 0.70711 -0.00000 -0.00000
POOK 0.70711 0.70711 -0.00000
POOL -0.00000 -0.00000 -0.00000

POON -0.00000 1.00000 -0.00000

L001 pl P0OO1 POOL 8

L002 P0O01 P003 POOL 8
L003 pl P006 POOL 8

LO04 P0O06 P0O08 POOL 8
LO06 P0O01 P0O06 POOC 8
LO08 P0O03 P0O08 POOL 8
LOOA pl POOK POOL 8

LOOC POOK POON POOL 8
LOOG P006 POOK POOC 8
L00J PO08 POON POOL 8

SHPE SPH1 sph POOL 1.
GSUR A005 + SPH1 - LOO3 + LOO1 + LOO6

GSUR A002 + SPH1 - L002 + LO06 + L004 - LO08
GSUR A006 + SPH1 + L003 + LOOG - LOOA

GSUR A004 + SPH1 - L004 + LOOG + LOOC - LOOJ
ELTY all QU4

C.4 Sphere (Volume)

PNT py 0.00000 1.00000 0.00000
PNT pl 1.00000 0.00000 0.00000
PNT P006 0.70711 0.50000 -0.50000
PNT P008 0.00000 0.70711 -0.70711
PNT POOC 0.70711 0.00000 0.00000
PNT POOK 0.70711 0.70711 0.00000
PNT POOL 0.00000 0.00000 0.00000
PNT POON 0.00000 1.00000 0.00000
LINE LOO1 pl POOL 8

LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE

LOO2 POOL PO0O8 8

LOO3 pl POO6 POOL 8
LO04 P0O0O6 POO8 POOL 8
LOOS POOL POON 8

LOOA pl POOK POOL 8
LOOC POOK POON POOL 8
LOOG P0O06 POOK POOC 8
LOOJ PO0O8 POON POOL 8

SHPE SPH1 sph POOL 1.

GSUR A001 + BLEND - LO0O3 + LOO1 + LOO2 - LOO4
GSUR A002 + BLEND - LO0O5 - LOO1 + LOOA + LOOC
GSUR A006 + SPH1 + L003 + LOOG - LOOA
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Figure 17: Segment of a Sphere (Volume)

GSUR A004 + SPH1 - LOO4 + LOOG + LOOC - LOOJ

GSUR A003 + BLEND + L002 + LOOJ - LOO5

GBOD B001 NORM + A006 - A0O03 - A004 + A002 + A0O1
ELTY all HE20

C.5 Airfoil for cfd codes

All surfaces must be oriented in the same way. The sets are udeo de ne areas
for the boundary conditions.

PNT P002 -0.24688 0.00667 0.00000
PNT P0O03 -0.24375 0.00903 0.00000
PNT P004 -0.23750 0.01228 0.00000
PNT PO0O5 -0.23125 0.01450 0.00000
PNT PO0O6 -0.22500 0.01608 0.00000
PNT P0O07 -0.21250 0.01798 0.00000
PNT P0O08 -0.20000 0.01875 0.00000
PNT P0O09 -0.18750 0.01900 0.00000
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PNT
PNT
PNT
PNT
PNT
PNT
PNT
PNT
PNT
PNT
PNT
PNT
PNT
PNT
PNT
PNT
PNT

POOA
POOC
POOE
POOG
POOI
P0O0J
POOK
POOL
P0O0O
POOP
POOR
PO0OS
POOT
POOV
POOW
POOX
P0O0Z

Figure 18:

-0.17500
-0.15000
-0.12500
-0.10000
-0.07500
-0.05000
-0.02500
-0.01250
-0.25000
-0.24688
-0.24375
-0.23750
-0.23125
-0.22500
-0.21250
-0.20000
-0.18750

Airfoil for cfd codes

0.01888
0.01785
0.01602
0.01368
0.01090
0.00770
0.00420
0.00230
0.00000
-0.00308
-0.00427
-0.00565
-0.00653
-0.00730
-0.00875
-0.00993
-0.01070
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0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000



PNT
PNT
PNT
PNT
PNT
PNT
PNT
PNT
PNT
PNT
PNT
PNT
PNT
PNT
PNT
PNT
PNT
PNT
PNT
PNT
PNT
PNT
PNT
PNT
PNT
PNT
PNT
PNT
PNT
PNT
PNT
PNT
PNT
PNT
PNT
PNT
PNT
PNT
PNT
PNT
PNT
PNT
PNT
PNT
PNT
PNT

P010
PO11
P012
P013
P014
P015
PO16
PO17
P019
P1
P2
p3
p4
PO1A
P0O1B
P046
P059
P049
PO5A
Po4C
P04D
PO5C
P04G
PO4H
P04l
PO5D
PO4L
P0O4M
PO5F
P0O4P
PO4R
PO4AT
PO5G
PO4wW
P04X
P04z
PO5H
P052
P054
P056
P058
PO5I
P05J
PO5L
PO5M
PO5N

-0.17500
-0.15000
-0.12500
-0.10000
-0.07500
-0.05000
-0.02500
-0.01250
0.00000
-0.50000
0.50000
0.50000
-0.50000
-0.18162
-0.18180
-0.27025
-0.26599
-0.25144
-0.35589
-0.22636
-0.20128
-0.38027
-0.12604
-0.07588
-0.02572
-0.31932
-0.27652
-0.27025
-0.20962
-0.25373
-0.22676
-0.20124
0.01132
-0.12604
-0.07588
-0.02572
0.00065
-0.18074
-0.18133
0.00118
0.00010
0.01244
0.00610
0.50000
0.50000
0.50000

-0.01115
-0.01120
-0.01043
-0.00917
-0.00750
-0.00540
-0.00308
-0.00175
0.00000
-0.50000
-0.50000
0.50000
0.50000
0.01898
-0.01094
0.01256
0.28688
0.02439
0.17566
0.03241
0.03643
0.00958
0.03833
0.03616
0.03231
-0.21136
-0.00154
-0.00803
-0.27840
-0.01567
-0.02143
-0.02394
0.29145
-0.02508
-0.02519
-0.02355
-0.30887
0.03754
-0.02465
0.02891
-0.02250
0.50000
-0.50000
-0.34112
0.29206
0.05780

153

0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000



PNT
PNT
PNT
PNT
PNT
PNT
PNT
PNT
PNT
PNT

PO5S
PO5V
POON
PO2M
PO3B
PO3C
PO3E
PO3P
pll

pl2

SEQA S006
SEQA S007
SEQA S00W
SEQA SOOR
SEQA S00S
SEQA S00T
SEQA S001
SEQA SO0E
SEQA S00L
SEQA SO0A
SEQA S00X
SEQA S002
SEQA SO00P
L003 PO1A P052 910

LOOC PO1A P019 S006 120
LOOE P019 PO1B S007 120
L004 p4 P1 150

LOSF P2 PO5L -204

LO5S PO5L PO5S -912

LO5C P1 P05J 120

LO06 PO1B P054 910

LO07 P019 P056 910

LO08 P058 P019 -910

LOOG PO05S PO5V -210
LOON PO3B P0O3C SO0W 130
LO3R P052 P056 SOOR 120
LOOI PO5V PO5N 210

LO3S P058 P054 S00S 120
LO4V p4 PO59 -204

LO4W P059 P052 -912
LO4X P054 POSF 912

L04Z POSF P1 204

LO50 PO5F P059 S00T 150
LO52 P059 PO5G 120

LO54 PO5F POSH 120

L056 PO5H P058 -912

LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE

0.50000 -0.05314 0.00000

0.50000 -0.00217 0.00000
-0.23448 0.01345 0.00000
-0.23471 -0.00608 0.00000
-0.24164 0.02804 0.00000
-0.23405 -0.02029 0.00000
-0.24536 0.00794 0.00000
-0.24464 -0.00400 0.00000
-1.00000 0.00000 0.00000
1.00000 0.00000 0.00000
pnt PO1A POOA POOC POOE POOG POOI POOJ POOK POOL PO19
pnt P019 PO17 P016 PO15 P014 PO013 P012 PO11 PO10 PO1B
pnt PO3B P049 P046 P04L P04M PO4P PO3C
pnt P052 P04G P04H P04l P056
pnt P058 P04Z P04X P0O4W P054
pnt PO5F PO5D PO5C PO5SA P059
pnt PO1A P0O09 P0O08 P007 P006 PO05 POON
pnt PO3E P002 POOO POOP PO3P
pnt P052 P04D P04C PO3B
pnt PO02M POOT POOV POOW POOX P00Z P0O1B
pnt PO3C PO4R PO4T P054
pnt POON P004 P0O03 PO3E
pnt PO3P POOR PO0S P02M
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LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE

LO58 P056 PO5G 912
LO59 p3 PO5I 130
LOSA POSI p4 120
LOSD P05J P2 130
LO5V P056 POSN 130
LOSI POSM p3 204
LOSL POSN PO5M 912
LO5Z P058 PO5S 130
LO6C P019 PO5V 130
LO6F PO5M PO5G 130
LO6H PO5G POSI 204
LO6I PO5L PO5H 130
L06J POSH P05J 204

LOO1 PO1A POON S001 -210
LOOA PO3E PO3P SOOE 120
LOOK P052 P0O3B SOOL 110

LINE LOO9 PO2M PO1B SO0A 210
LINE LOOO PO3C P054 S00X 110
LINE LO02 POON PO3E S002 -205
LINE LOOL PO3P P02M SOOP 205
LINE cl pll pl2 120

LINE LOO5 PO0OO P019 120

LCMB
LCMB
GSUR
GSUR
GSUR
GSUR
GSUR
GSUR
GSUR
GSUR
GSUR
GSUR
GSUR
GSUR
GSUR
GSUR
GSUR
SETA

SETA

SETA

SETA

SETA

SETA

SETA

C001 + LOO1 + LOO2 + LOOA + LOOL + LOO9
C004 + LOOK + LOON + LOOO

AO001 + BLEND + L0O03 + CO004 - LO06 - C001
A002 + BLEND + LO06 - LO3S + LOO8 + LOOE
A003 + BLEND + LOOC + LOO7 - LO3R - LOO3
A004 + BLEND - LO0O8 + LO5Z + LOOG - LO6C
A005 + BLEND + LO6C + LOOI - LO5V - LOO7

AO00I + BLEND - LO4W - LO50 - L04X - C004
A00J + BLEND - LO4V + L004 - L04Z + LO50
AOOK + BLEND + L0O4Z + LO5C - L06J - L0O54
AOOL + BLEND + L0O6J + LO5D + LO5F + LO6I
AOON + BLEND + LO4V + L052 + LO6H + LOS5A
A00O + BLEND - LO6H - LO6F + LO5I + L0O59
AOOP + BLEND + LO4W + LO3R + L058 - L0O52
AOOR + BLEND + L04X + L0O54 + L056 + L0O3S
A00S + BLEND - L0O58 + LO5V + LO5L + LO6F
AOOT + BLEND - L0O56 - LO6l + LO5S - L0O5Z
wall | LO5C

wall | LO59

wall | LO5A

wall | LO5D

profil 1 LOOC

profil | LOOE

profil | LOO1
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SETA profil | LOOA
SETA profil | LO09
SETA profil | LO02
SETA profil | LOOL
SETA in | LO0O4

SETA out | LO5F
SETA out | LO5S
SETA out | LOOG
SETA out | LOOI
SETA out | LO5I
SETA out | LO5L

C.6 If and while demo

Figure 19: Result of If and while demo

The if and while commands can be nested. A demo which producesome
points on the window follows:

text if&value&while demo
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# def the leading letter of point names

valu vp P

# define the initial x value

valu vx O.

# define parameters

valu v2 4

valu v3 1

# start loop:

while vx < v2

valu vy 0.

valu vz O.

seto S1

while vy < v2
# define the pnt coordinates
valu vy + vy v3
valu vy int vy
valu vx int vx
valu vz int vz
# define the pnt name
valu pl & vp vy
valu pl & pl vx
valu pl & pl vz
# generate the pnt
pnt pl vx vy vz

endwhile

setc

valu vy 0.

valu vz 1.

seto S2

while vy < v2
valu vy + vy v3
valu vy int vy
valu vx int vx
valu vz int vz
valu p2 & vp vy
valu p2 & p2 vx
valu p2 & p2 vz
pnt p2 vx vy vz

endwhile

setc

valu vx + vx v3

if vx ==
plot pa S1r

else
plus pa S2 b

endif
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endwhile

send all fbd

# demo on how to write the content of variables to writedemo.t xt
valu vx int vx

valu vy int vy
sys echo VX: vx VY: vx VZ: vz >| writedemo.txt
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