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ABOUT Z88AURORA® AND WHAT’S NEW IN Z88AURORA V5

288 is a software package for solving structural mechanical, static problems with the aid of
the Finite Element Analysis (FEA), which is available under the GNU-GPL as free software
with source code. The software, originally created by Professor Frank Rieg in 1986, is cur-
rently being further developed by a team under the supervision of Professor Rieg at the Uni-
versity of Bayreuth.

In addition to the present compact Z88, which is currently available in the 14t version, an
extended program Z88Aurora is on the market since 2009. Z88Aurora® is based on Z88 and
is available for Windows 64-bit, Linux 64-bit and Mac OS X for free download (as an executa-
ble file). In addition to the efficient solvers contained in Z88, Z88Aurora® offers a graphical
user interface (GUI), a completely new preprocessor and an extension of the approved post-
processor Z880. During the development of Z88Aurora®, great effort was put into improving
the usability.

Since version V2, Z88Aurora® offers, in addition to static strength analysis, a material data-
base containing more than 50 established construction materials and modules such as non-
linear strength calculations, natural frequency analysis and thermal analyses. Since
Z88Aurora® V3, the program includes an extended nonlinear equation solver, which now
also allows to consider non-linear material behavior besides geometrically nonlinear analy-
sis. Therefore, three plastic material laws are implemented. The surface has been enhanced
accordingly in order to be able to enter the additionally required material data. Since version
4, Z88Aurora® includes a contact module, which provides frictionless and bonded contact
formulations. The GUI offers different part operations for creating and aligning assemblies
(e.g. importing parts, moving, rotating, scaling and copying).

The current version Z88Aurora® V5 offers an extended thermo-mechanical FE-solver for the
simulation of convective heat transfer from a solid body to the surrounding. Furthermore,
the new postprocessor of Z88Aurora® V5 provides the possibility to choose between differ-
ent view options and includes a new feature for exporting images of the current viewport.

Other modules such as a module for transient analysis are in development.
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The modules:

Module for linear static analysis

The basic module of Z88Aurora® is the linear static module, which is used for linear static
analyses. This is the first solver included in Z88Aurora®. The only material parameters re-
quired are Young’s modulus and Poisson’s ratio. The user has the choice of a number of

boundary conditions: displacements, forces, pressures or surface loads.

Module for thermal analysis f

In this module of Z88Aurora® steady state thermal conduction and the thermal expansion
are calculated. The simulated temperature profile is treated separately and is time-
independent, i.e. the state of equilibrium is displayed. By linking the thermal and mechanical
boundary conditions the user can calculate thermo-mechanical displacements or stress in
addition to the thermal results, like temperature or heat flow. With this, statements can be

made about the influence of temperature on the construction component.

Module for natural frequency S

Since Version V2, Z88Aurora® also gives the possibility to analyse a component regarding its
natural frequency. If the material properties Young’s modulus, Poisson’s ratio and densitiy
are known, this module can calculate the natural frequency. Alternatively fixing constraints
for sets of nodes in one or several spatial directions can be applied. As a result the user gains

information about the smallest natural frequency as well as the distortion of the component.

Module Z88NL I&» for non-linear calculation

Lastly there is the possibility to conduct non-linear calculations of the structural mechanics.
Regarding the boundary conditions homogeneous and heterogeneous displacements,
different kinds of applying forces as well as pressure loads can be observed. The equation
solver Z88NL evaluates the Finite Element Analysis considering the geometrical
nonlinearities or, since V3, also considering non-linear material behavior. With this module
the displacements (Z88NLO2.TXT) as well as Chauchy’s stress (Z88NLO3.TXT) can be

calculated for the the element types 1 (Hexahedron with 8 nodes), 4 (truss), 10 (hexahedron
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with 20 nodes), 7 (plain stress element with 20 nodes), 8 (torus with 8 nodes), 16
(tetrahedron with 10 nodes) and 17 (tetrahedron with 4 nodes).

Since the release of Z88Aurora® V3 three different plastic material laws can be calculated.

The contact module ZB8KONTAKT

Since version 4, Z88Aurora® can handle multiple parts and can conduct contact analyses. To
this end, node-surface or surface-surface contact with an automated contact search is
implemented. The possible contact types are bonded or frictionless. The methods for
including these restrictions are Lagrange, perturbed Lagrange or penalty. The meshed (linear
or quadratic hexahedrons or tetrahedrons) parts can be imported, positioned and
manipulated via the GUI. The rest of the preprocessing can be done analoguous to the linear
static analysis. It’s important to note that the contact module only works in conjunction with

the linear static module.

The Z88 philosophy is also valid for Z88Aurora®!

- fast and compact: Developed for PC, no ported mainframe system

- full 64-bit support for Windows, Linux and Mac

- native Windows and Mac OS X programs, no emulations

- Windows and Mac OS X versions use the same computing kernels

— full data exchange from and to CAD systems (AutoCAD *.DXF, *.STP, *.STL)

—  FE structure import (*.COS, *.NAS, *.ANS, *.INP)

— context sensitive online-help and video tutorials

- simple installation with Microsoft® Installer (MSI)

- Z88Aurora® V5 is completely compatible with Z88 V14/15 OS and Z88Aurora®
V2/V3/V4. Already existing Z88 V13 files or Z88Aurora® V1 files can be easily import-

ed with the conversion tool “Mitoo”!
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Note:
Always compare FE calculations with analytical rough calculations, results of experiments,

plausibility considerations and other tests without exception!

Keep in mind that sign definitions of Z88Aurora® (and also other FEA programs) differ from

the usual definitions of the analytical technical mechanics from time to time.

£\ Unit conventions are independently managed by the user. The material database inte-

grated in Z88Aurora® uses the units mm/t/N.

Z88Aurora® is a powerful, complex computer program, which is still under development. If
you have suggestions concerning future functionality, feel free to write an email to
z88aurora@uni-bayreuth.de or contact us via the forum http://forum.z88.de.

The compatibility of Z88Aurora® with other programs is not fully tested. Especially data ex-
change is highly dependent on developments of the exporting third party software. Changes
on this end are often not directly visible and are prone to cause problems. In these cases

please contact Z88 support. FAQs can be found on the forum or in the handbooks.
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SYSTEM REQUIREMENTS

e Operating systems: Microsoft® Windows® 7/8/8.1/10, Linux, MacOS® (64 bit)
e Graphics requirements: OpenGL driver
e Main memory: 1 GB minimum, recommended: 8 GB

e Documentation and videos require PDF-reader, video player, browser

INSTALLATION
For more information see the installation guide which comes with the installation of the
Z88Aurora® package. For starting either use the desktop icon in “Z88Aurora V5“ or open
the program in the start menu: “Z88Aurora V5” = “Z88Aurora V5”. If you haven’t installed
the desktop icon nor the start menu entry you can start the program via the Windows-

Explorer:

“C:\Z88AuroraV5\win\bin\z88aurora.exe”.

DOCUMENTATION

The Z88Aurora® documentation consists of:
e User manual containing a detailed overview of GUI
e Theory manual with an elaborate description of the embedded modules
e Examples for the most common applications in mechanical analyses
e Element library displaying the integrated element types in Z88Aurora®
e Video manual containing some topics of special interest

e SPIDER-Workflow: Process support by a workflow tool
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1. AN OVERVIEW OF THE USER INTERFACE

Z88Aurora® is characterized by an intuitive operation of the pre- and postprocessor. The
project data management is carried out by means of a project folder management. A status

display provides better ease of use.

/ Text menu bar
& Z88Aurore Version 3 - o x
N

File View Pre-processor Solver Post-processor Tools Help

[ [ M | 7 Stenty stote therml |+ || O conmceocve | 8t 8 &4 % @ | 8
Fesnr s bEBEKD

¥+ FEY VR @5 REIGF
agemEon Fl4RS (A & K

) 3D view ‘ \
Create structiral elements

Icon menu bar with tool tips ‘

B nodes and create element
Tab bar 2 288Aurora Version SInfo X Py
& Tetrohedrons | & Super elements ‘
A dvanced
Y U sexr —
InteR face
£F0= J
%.Jinu - Work space
FER £l
A FREE Finite Elements Analysis Program with Pre-and Postprozessing & section ‘ T ‘
in ANSIC and GTK+
for the MS Windows & MAC 0S X. Matzrial
Composed and copyright by Il Dotabose |
Professor Dr-Ing. Frank Rieg,
University of Bayreuth, Germany
Constraints
FE-Solver: Z88R V15.0

Pre- and Postprocessing:  Z88Aurora Version 5 A Dafine |

Develaped by:

Frofessor Dr.-Ing. Frank Rieg,

Dr.-Ing. Bettina Albar-Lavkant,

Dipl.-Wirtsch-Ing. Reinhard Hackenschmict,
Dipl.-Ing. Daniel Billenstein, Maximilian Braun, M.Sc.,
Kevin Deese, M.Sc., Christian Dinkel, M.Sc.,

Fascal Diwisch, M.5C., Dr.-Ing. Michael Frisch,

Jul 16 2018 09:35:36

Status Dok
[ 7882urora started [r:\783Auroravsidocu\examplesiprojectip9

Figure 1: User interface of Z88Aurora® V5

2. MENU BARS

Several menu bars are of importance for operation. The four icon menu bars provide quick

access to all functions of Z88Aurora®. The main functions of the first icon menu bar, such as

preprocessor ﬂ, open additional side menus. The other three icon menu bars contain view,
color and import options and the functionalities for the preprocessor.

The text menu bar contains all functionalities of the icon menu bar and the side menus, the
correspondent icons precede the text commands. Depending on the current procedure,
there are several tabs on the tab bar, such as the material cards in the material menu, be-
tween which you can switch. Each tab can be closed by clicking the corresponding “X”.

The icon menu bar is separated into different areas: the project folder management, the

type of analysis and the pushbuttons, which access the context sensitive side menus and the
11
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support. Depending on the state of the analysis several icons are displayed in grey, because

their functions aren’t available at that time.

Contact active gy o | «» B BB % | 8 - #

Project folder managment

B New Project

Open Project

Close Project

2

Support

SPIDER Support

| ¥

| Help-Options

Type of analysis

I‘ Linear mechanical

I+

hNonIinear mechanical ]v

f Free vibration

I+

&~ Steady-state thermal ]v

7% No selection

-

Context sensitive side menu

|=> Import CAD + FE Daten

% Preprocessor
@ Solver

)
Postprocessor

Close Program

Exit

Figure 2: Pushbuttons of the icon menu bar

E Please always note the status display at the lower left edge of the user interface. Here you can find ref-

erences to the next steps and information about operation!

F1 2 s Fil F5 s |7 s o [r0 [r11 [F22 |
Esc
T | s s ]’% [& /7 [P "'= ? [ [ P
i R ’,.__3_"_4 15 16 17 {18 f._Q_J'__U_}uf.i L 1 |
f— Q w E R T Z u ] o P u *
_H @ L€ 1 1 0 + ~ +
'g A |s |'.o '|F |G ‘H |',-' IK |L [0 ‘A . |
. S S U U I N S (R S S L J# 1 |
Deselection of 4 B Y X c v |B N M — &
nodal areas 1< || | | u | | -
Strg ) Alt 2 ' N :}IGI | Strg
t
Single node Selection of
selection nodal area

Selection of additional
nodal areas

[AR

Figure 3: Keyboard layout

2.1 Ej . " Project folder management

Depending on the status of the project it is possible to launch a new project folder or to

open an existing project. Options which aren’t accessible at the time are displayed in grey.

12
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shows or hides location

File View\Preproces ‘ 7,[ Tools Help

DOA \4 echarical  [*|| > B & @ B create new folder
72+ (" Cesa a0 aa 2

TSeIEeH ‘?_' \I Program Files |188|wm|m Create Foffler

® Recently Used
g the new folder should be created

=
© 30-view Location: | (l
Places | ”af‘ff_ + [ Modited T\ Selection of directory in which

= add == Remove :' ]

x Cancel

Figure 4: Project folder management of Z88Aurora®

2.2 [ Creating a New Project Folder

= Create a new folder

= Enter folder name ,Name*”

= Confirm LEl (Return)
= Click OK to confirm

The input mask disappears and you can start the compilation of the computation model.

a For further use, the project folder can be put into the quick access! (= Add)

13
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I_/ \ | Z88Aurorav2 wmlb'm

create new folder

Location: [Project_1

Flaces

@ Recently Used

+ Add == Remove

add folder to quick

or

A

<k Add to Bookmarks

Show Hidden Files
Show Size Column

Name 4 [ Modified E
[ Project_1 13:28
new folder ,name”

double click ﬁi

to activate folder

=

Sf Cancel

access confirm

Figure 5: Launching a new project folder

2.3 L/ Opening a Project Folder

= Select a project folder to open

= Click "OK" to confirm. The project is displayed in the work area.

14

choose existing project

|7 \ | Z88AuroraV2 | win b‘mITesm

Create Folder

Location: |

Places | Name

@ Recently Used

\ available data in the project

confirm

o

Figure 6: Opening an existing project folder

Create Folder
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= Generally it is possible to open the current project folder directly at the GUI with a double

click, see Figure 7.

| ‘ Z8aAurora started. ! ‘C :\Z88AuroraVs\docu\examples\project\b29

Figure 7: Direct file picker

24 "Closing a Project Folder

With this button the presently open project folder is closed.

£ You must always close the current project folder before creating a new one or opening

another project!

2.5 Project Folder Management in the Text Menu Bar

In addition to the icon menu bar, Z88Aurora® possesses a text menu bar above the icon
menu bar. This either contains further functionalities or you can access the same functions
as in the icon menu bar. The text menu bar with its respective functions is described in the
corresponding chapters.

Functionalities which aren’t available are displayed in grey.

& 788Aurora Version 5

718 View Pre-processor Solver Post-processor Tools Help

[ New e thermal v| [ contact active &y i | = B B % | 2% &
H ] Open project
1 $] Close project < o ek Q

[ save project as - @Y FE® & R® F&
| B2 Remove project data wm ([ ARe NI A

boccs
Import »
Export »
# Exit

Figure 8: Project folder management in the text menu bar

2.6 %Deleting Project Files

In the text menu bar there is also the option to delete the complete content of the project

folder. The folder itself is preserved.

15
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=N View Pre-processor

[ New

| ] Open project
] Close project
E Save project as

B? Remove project data

Figure 9: Deleting project data in the text menu bar

16
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3. VIEW

The view options can be edited in many ways in Z88Aurora®. It is possible to display often
required tool bars and to change their arrangement, to change the light, material and legend
color or to switch miscellaneous additional view options on and off. With “labels” is possible

to switch the numeration of nodes and elements on an off.

Llem Pre-processor  Solver Post-processor Tools Help
O # setup i | | [] Contact active g 1
—— +}+ Autoscale
IEl X% Rotations by K
»‘L'_A'Ea"clipping eV E® & &M
— F Zlimit
& & Legend color % E“ %
a a Shaded z" Part color
@ Surface Mesh V" Lights
) Mesh
¥ Picking
T Boundary/Solid view
3 Quick view
Default views » £ %-Y view
@ Sets show/hide ﬁ‘. H-Z view
& Coordinate system B
Labels » | & nodal numbers
! Element numbers
A& Label all
@ Hide all labels

Figure 10: View options

3.1 Toolbars

For import/export, view and preprocessor it is possible to show additional toolbars. This can
be done permanently via the settings in the file z88enviro.dyn or session-oriented via the
menu "View">"Setup".

Contrary to Z88Aurora® V1 the arrangement of the icons can be completely adjusted to the
user’s requirements. For this the default settings of the toolbars are stored in the

z88enviro.dyn file with their respective icon number:

**Buttons of the toolbars:

TOOLBAR 1 1

23401056780 910011 -1

TOOLBAR 2 1

50 51 52 53 0 54 55 27 0 22 23 24 25 -1

TOOLBAR 3 1

12 13 14 26 0 15 17 16 0 18 19 20 21 0 28 29 0 30 31 0 32 33 -1
TOOLBAR 4 1
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41 42 43 44 45 46 47 48 0 35 0 36 37 64 0 65 0 39 0 40 -1
Figure 11: Extract of z88enviro.dyn

In the following figures the default arrangement of the toolbars and their meanings are dis-

played:
—) F4 Z
Ve OBS I LE]|Q
Views View settings Default Views Image export

a Shaded @ Boundary/Solid view ﬁ xy- View @ Export image
\ 4
@ Surface Mesh Quick view Lx zx- View

Z
@ Mesh g Refresh u zy- View

@
'I Picking z Coordinate system

Figure 12: push buttons of the second toolbar

SFZ+|e7VvIavE@® G| |G| B

View manipulation Colour settings Labels Size options

g Rotations @ Legend color & node-numbers gg constraints
R Adjust material
% Clipping E} . @ element-numbers Q Q gaussian points
color
—
—

LY
Z-Limit '9‘ Adjust lights @ Label all @@ Pick-points
‘%’ Autoscale @ No Labels

Figure 13: push buttons of the third toolbar

TLEBH O |IFISHRS] NI A

CAD-Import FE-Import

Step-Import Cﬁ Nastran Stdbe/Balken [(" Material database
STL st- 1 : A .

é. Stl-lmport *#| Abaqus Freemeshing Tetrahedrons r Constraints

Hexahedron mesher
Scheibenaufdicker
Tetraederverfeinerer

DXF Autocad-Import g Ansys

Q Cosmos

758
88 788v14

0 B85 =

Shell converter

§ Trim parts

Figure 14: push buttons of the forth toolbar

To adjust the toolbar simply arrange the respective numbers.
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3.2 < Z camera Settings

Auto scale "I" offers the possibility to fit the model into the Open GL window. With Rota-
tions 3D < a precise rotation can be applied. Z limit towards the user = is a clipping op-

tion. By setting a defined Z plane the component can be viewed from inside.

With q; all three planes can be used for clipping via the scroll bar.

3.3 7Y Colors

The legend color as well as the background color of the Open GL window can be changed
arbitrarily. For this, you can resort to defined standards (black/white, white/black, default)
or manually set a certain color. The component is adequately displayed via the component

color and the light settings.

3.4 @@@Re Displays

There are four possible view options. These can be accessed via the icons in the icon menu

bar.

a Shaded @ Surface Mesh

B

Figure 15: Display options in Z88Aurora®

The view options shaded, surface mesh and mesh can be applied by the user according to his

needs; the Picking view is used for the selection of nodes, surfaces and elements. Activating

A
quick view in combination with the display mode “shaded” enables large components to

be moved quickly. To improve the display rate of the picking mode in combination with large
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components, the Boundary/Solid View @ can be activated. In this mode only the surface of

the component can be selected.

a The Picking display depends on the previously selected display mode. Thus, you can

either select all nodes or only surface nodes!

Figure 16: Switching to the display option "Picking", left: surface, right: all nodes

By clicking the “eye” € existing sets and parts can be shown or hidden via the following

menu, which is especially interesting for contact simulations.

(o - TN E: |
@ Sets sh

Element sets Parts | Contact sets

Partl -
Part2
Part3 -

w Close

Figure 17: Show/Hide parts

This menu also shows the contact sets which signify the master and slave nodes which are

considered during the contact analysis.
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3.5 K 4 views and View Options

Ly w-v o ocu By v
Xy- view IX- View Zy- view

g Show coordinate system $ autoscale

Figure 18: View options in Z88Aurora®

VAN Double clicking on the respective icon or further clicking after the first orientation

will rotate the view by 180°.

3.6 @ Image export

Since version 5, Z88Aurora® provides a feature for exporting images of the current viewport.

Clicking on the camera symbol @ opens a dialog box for defining the export settings. The
user can choose between different file formats (.bmp or .png), specify the name, and image
size (in pixels) individually for each picture. The background of the exported image can be
made transparent via the “Remove background” check box. Z88Aurora® saves the image file

to the current project folder.

21



{z&{Aurora@’

User Manual

& zaaa s - o x

Fle_View Pre-processor_Sober_postprocessor_Tools Help
00N Ktneor mechanicsl v || Clcomococne b & w BB %@ 8
eeenr[Osde bttt k@

SV ROV @V H® SERE & &
CoEemecn P 4R 0 NN
©0vew |

[l DISPLACEMENTS
PRESSURE
FORCE UNIFORMLY DISTRIBUTED
FORCE DISTRIBUTED
TEMPERATURE
HEAT FLOW UNIFORMLY DISTRIBUTED

HEAT FLOW DISTRIBUTED
HEAT FLUX

©) Export picture X

Dimensions

[ X s

Width 1920 0 ks
Height  |1080

Options

CONVECTION

[J Remove background

e E | 5 :
ETTI [ 75:0roro stored. File name { :

Ipistonl
</ Apply | ¥ close | piston.bmp

Figure 19: Image export in Z88Aurora®

T
&

= m
i

3 ’

3.7 & ¥ % @Labels

The menu item "Labels” is used to indicate the respective nodes and element numbers of

selected objects and contains the following sub items:

&Labels: Nodes

A window appears in which the numbers of the desired nodes must be entered. The dialog is

ended with "OK“.

2. Labels: Elements

Similar to "Labels = nodes”, the desired element numbers must be entered, in order to dis-

play them.

4 Labels: Nodes and Elements

This function displays the labels of all nodes and elements.

A Please keep in mind that this function might make the display of big structures with
many elements and nodes confusing and, apart from that, may influence the speed of the

program negatively, depending on the hardware used.
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®Hide all labels: Nodes and Elements

This function hides the labels of all nodes and elements.

3.8 8 ® AR size of Boundary Conditions / Gauss Points/ Pick-Points

& Fsize of boundary conditions

The function "Size of boundary conditions” causes the shown boundary conditions to be dis-

played enlarged or reduced in the preprocessor menu.

& ﬁSize of Gauss Points

With the menu item "Size of Gaussian points“ the size of the calculated Gaussian points, de-

picted here in the Z88Aurora® postprocessor, is defined (Figure 20).

Size of boundary conditions

I g Zoom +

Size of Gaussian Points

Figure 20: Display of boundary conditions and Gaussian points

Q@Size of Pick-Points

The function "Size of Pick-Points” causes the shown pick-points to be displayed enlarged or

reduced in the menu "boundary conditions”.
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°s CONTEXT SENSITIVE SIDE MENUS

When you have started a project, you can perform different actions. You can display and
alter an existing project, but you can also import a structure from a CAD program as well as

from an FE program.

4.1 => Import of CAD and FE Data

After creating a new project folder it is possible to import geometry data as well as FE struc-
tures and to continue using them in Z88Aurora®. You will find an overview of the available

formats in Figure 18.

Geometry
xstl—»  tw STLAile &kl STEP-file «— *.stp
FE-structure
*.dxf — | [DF AutoCAD DXF & Nastran-file [ *.nas
*inp — | % Abaqus-file # Ansys-file %= *.ans
X > z88il.txt,
.cos — | (2 Cosmos-file %5 788-file " z88i2.4xt,
z88i5.txt,
z88ni.txt

Figure 21: Import and export options in Z88Aurora®

Note: In case of a contact simulation including several parts, no import is possible. For carry-

ing out a contact simulation, please refer to chapter u Assembly management / Contact

analysis.

Compatibility with other versions of Z88

For users who have already worked with Z88V15 OS there is the possibility to import existing
788 input files into Aurora. In the process, the definition files required by Z88Aurora® are
created automatically. A more profound insight into the file structure of Z88Aurora® is of-
fered by chapter 3 of the Theory Manual. The input files Z88I1.TXT, Z8812.TXT, Z88I5.TXT and
the mesh generator file ZB8NI.TXT can be imported. The files Z88I3.TXT and Z88I4.TXT are

not required any longer in Z88Aurora®.
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Older projects from Z88Aurora® V1/V2 and Z88V13 files can be imported by the migration

tool “Mitoo.exe” @ , Which is provided since Aurora V2. It can be found in the “bin”
directory. Double clicking opens the migration dialog. The files are converted after choosing

the respective directory and clicking on “Start”.

(& MiToo [E=EERS)

Pathes
Path to inputdata

i—j‘ bin v
Path to outputdata

[~1bin -

convert data

%= start & Info # quit

Figure 22: Migration tool Mitoo

For further processing files in Z88 V14/15 OS you can insert “enable write_only” in the file
288.fcd. This creates a complete data set for Z88V140S in the folder “bin”>“Z88V140S”. The
previous folder is replaced. If you still want to use these files you should save them in anoth-

er directory.

Data Import

As an example, the import procedure of a STEP file is demonstrated (Figure 23):

= Select Import/Export

STP
= Click " STEP file“, a selection window is opened

= Select file

= Click OK to confirm lEl
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select step
a selection window is opened

Geometrx

i sTLAile ‘ STEP-file ‘
j E\| aurora_docu | z88bsp | linear IE
Blaces ‘ Marng - ‘Mnd\ﬂad ‘; FE-structure
@ Recently Used {17] )
/4 ¥ AutoCAD DXF ‘ & Nastran-file ‘
F.'"_'I Abaqus-file ‘ * Ansys-file ‘
Select step file
@ Cosmos-file ‘ % 788-file ‘
sfs Add | s Bamove M_ File filter
%’Qanca\
Confirm

Figure 23: Import of a STEP file

4 The default setting determining which input file is supposed to be imported, is de-
fined by the user.

4 The import procedure depends on the quality of the given data. Incomplete or
damaged STEP or STL data lead to incorrect displays and faulty meshing in
Z88Aurora®.

In this case it is necessary to adjust the export settings. Depending on the CAD program the lateral length, the

interior angle or the width-to-height ratio can be changed.
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Default setting
STL-Export Wildfire 5.0

M Import
&=
=1 | E wesning

‘W i

i

Adjusted setting
STL-Export Wildfire 5.0

A
%

DI AN N

RN

Sk

DR

e

M Import

M Meshing

o
2

) AN 40
ooy RN
R DR
% 0%

DRI ':‘u'g‘#::;;,v{:‘v!;

s
AR
NG
NN

Figure 24: Import of a STL-file
All import features are described in detail in chapter 4.1 of the Theory Manual. Table 1 offers
an overview of the model data, which can be transferred from FE structure data.

Table 1: model data which can be transferred from FE-structure data

DXF [DXf
788V15.08 w ABAQUS [ | ANSYS # | cosM0S (P | NASTRAN®)
Autocad
FE structure v v v v v v
FE v x x x x x
superstructure
Nodal loads v x v v v v
N v x v v v v
displacements
Surface load v x x v x v

AUTOCAD-DXF files can be imported as four different file types (Figure 25). More infor-
mation about creating an AutoCAD files and their preparation can be found in the Theory

Manual, Chapter 4.1.5.
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. . * K
13 ] L, s e || 5 B8 o | k(59 | 0
l Geometry
=> Import CAD + FE Data & STL-Afile I STEP-file |
:”cm DXF-fiet 7 =] e
e |
2% AutoCAD DXF ¥ Nastran-file
{Ln:anon: [ e | ®
e [ Abaqus-file | ¥ Ansys-file |
® Recently Used & Cosmos-file | 2 788-file |
A add | = fEmove “did v
DXF-structure to Z88Aurora-structure
DXF-structure und constraints to Z88Aurora
DXF-super-structure to Z88Aurora-super-structure
™ DXF-super-structure nach Z88Aurora-structure 3

Figure 25: Possibilities to import a DXF-structure
YN The DXF import is designed for files created by the CAD system AutoCAD. If

you are using a different program, the import might fail.

Import Text Menu Bar

S Vieww Pre-processor Solver Post-processor Tools Help

Bgﬂw - Iwanical I"l[ = B & | a
pen proje
] Close project k & ﬁ‘ &

[ save project as k[&ﬁ%%[%@[ﬁ
B2 Remove project data I w P A8 e g

iZ] Geometry (*.STP, *STEP)

S STL files (*.5TL)

AutoCAD DXF files (*.DXF)

) Exit &) NASTRAN files (*.BDF, =.NAS)
F4 ABAQUS files (*.INP)

# ANSYS files (*.ANS)

& COSMOS files (*.C0OS)

% 788 files (*.TXT)

Export >

Figure 26: Import in the text menu bar
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Import tool bar

The tool bar “Import” is shown by default. In the menu “View” and “Setup” you can deselect

the view option “Import”.

Preprocessor Solver
ﬁww

+}+ Autoscale ﬁ&?lgr;il I
&X Rotations 3D e =
e Standard
¢ Clipping
— g ) View |
*Z Z-limit towards viewer .
o
Color S oW
Import
& Shaded “ - T
& Surface Mesh | [cdsave | ¥ cancel | ‘ !lsﬂ.‘ *’ ‘ 2.@ |
& Mesh I
$R® Picking
@ Boundary/Solid view
2 quick view
Default views >
£ Coordinate system
Labels >

Figure 27: Tool bar Import

Import Text Menu Bar

Z1:8 View Pre-processor Solver Post-processor

Bgﬂw . Iwanical [Vl[ = B
1 pen proje
#] Close project k ke E

.ESaveprujectas h[‘-@.@@[
HRemwe project data I U [ ? [ ‘&_ =

Import 2 I
@ sTfes (510
] Exit

Figure 28: Export menu
A currently loaded FE structure can be written out again using the export function as an STL

file.
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4.2 * Preprocessor

Clicking the preprocessor icon opens the context sensitive side menu "Preprocessor" (Figure
29) you can either create a FE structure or mesh an imported geometry. Afterwards it is pos-
sible to select a material from the database or to edit your own material. In addition, all me-
chanical boundary conditions can be applied.

All possibilities of the preprocessor are introduced separately below.

Create structural elements
Create a truss or beam structure B o dc |
Nodes and Create element
Mesh
create tetrahedron mesh —_— 4 Tetrahedron & Super elements | — generation of
Set - Administration superelements

Picking and — 2 Picking |

set management
Element parameter

Profile for truss ;
== || T Section o[}« Thickness | <+—— thickness of shells

and beam structures
Material

Z88 Aurora ——» JII patabase |

material database Constraints

apply constraints ——» A pefine |

Figure 29: Side menu ,,Preprocessor”

Preprocessor in the text menu bar

All functions of the preprocessor can be accessed via the text menu bar.

File View BE=Sdgle==E008 Solver Post-processor Tools He

) = ‘,I E’“ Create nodes and elements i .
’E RS & Mesh: Tetrahedrons

Mesh: Super elements —

Hx Bl =
L & Apply parameters of elements p 'L
%ﬁ & @ III Material database |

) 3D view .‘;, Constraints

E Fart management
& Contact settings

Figure 30: Text menu bar ,,Preprocessor”
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Tool bar Preprocessor

In the menu “View” and “Setup” = “Toolbars” you can select “Import” to show the prepro-

cessor buttons:

4R NI A

%Picking
A main innovation in Z88Aurora® is the possibility to apply boundary conditions such as forc-
es, pressure and restraints with only one mouse click in the graphic user interface.

This will be called “Picking” in the following chapters.

For Picking there is a separate view, which can be displayed by clicking the button @i in the

Picking

main window.

@' Node-selection ®. Element-selection 6, Surface-selection
o &d ol
View View View
e | Moo | | RE® | ®ooe| | B WEE | % cos
Nodes Elements Surface
Individual node Individual element Angle
No. J oK No. | J oK 30.0
|
Angle Q | B |
Surface All elements
) 30.0 @~ Surface | @ All surfaces |
! IS B switch | & Deselect all |
B switch I & Deselect all |
@~ Surface | Q] Edge | Moarks
itch | Il Marks
M switc | & Deselect a | o Add | I | arl
o Add | == Delete |
Marks
o Add I == Delete |
[ » ® |
[ o» ® |
Ia > ® | ok Add set == Delete set |
o Add set | == Delete set |
o Add set == Delete set |

Figure 31: Picking options in Z88Aurora® V5
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Hot keys
With the mouse and a view shortcuts it is possible, to “pick” single or several nodes, ele-

ments or surfaces, in order to define the boundary conditions you need:

+ U(click) Selecting single nodes

“

et
[N
L U(hold) New selection of several nodes in a rectangular area while discarding

the previous selection.

Alt

SN

et
[N
‘ + U(hold) Additional selection of several nodes in a rectangular area while

maintaining the previous selection.

et

[N
w + U(hold) Selecting a rectangular area for deselecting several nodes.
The respective nodes, elements and surfaces are marked as small black rectangles.

Selecting is carried out by clicking on the rectangles and using the shortcuts.

?Q Picking of nodes

The Picking of nodes includes the following options:
- single nodes

- surface (doesnot work with shell elements)

- edge

- switch

- deselect all
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View
— @ .
Er= | ¥ Close | .l Node selection
Nodes
Select a single node or group of nodes Individual node
using the node number —»  No. J oK
e.g.,1-30“or ,1,2,3 Angle
30.0
scroll bar to control the angle » ]
Angle 6.2 Ers xom| ——p o Surface Q) Edge
e M switch & Deselect all
switches the Deselectall
selection
Angle 26.6

Figure 32: Picking of nodes

Single nodes: You can select single nodes via the node number as well as adjacent areas.

Surface: If you would like to select the interior surface of a drill hole to apply boundary con-

[strg ‘

ditions you can use the option “surface”. Pick a node with +@(c|ick). With the scroll

bar you can choose an angle, which influences the selection. This value describes the angle
between the element that contains the selected node and the adjacent element. If the value
is smaller or equal the value chosen via the scroll bar, the nodes on these elements will be

selected.

To find the proper selection for the surface you want to choose, you might have to try some
different values in order to achieve the desired result.
These settings can be used as a starting point to select the right surfaces (Figure 33):

e Planar surface: 0.0°

e A double line of nodes with a large curvature radius: 1° - 2°

e Lateral surface (complete or partial) with a large curvature radius: 5° - 10°

e Interior surface of a drill hole: 10° - 20°
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Picked node on a plain surface

O i
B T e e

e e e
‘4"““5“—“'—:‘:‘&:—6:’;‘: &
N VAVAVA PSRN AN AV

b
T
‘e

S50 8 8 9 2 N N A S

bey: Fe2etBE

TAVAVAV

‘;VA"M\ = \

avavavay, @
AY;. .

@

WAVAVANS
";V%V‘v

K

ey $“ oY

e
N VAV TS AN AN AN AVAYAS
el T

SO RSd  S ST

Figure 33: Setting of angles
A Only the selection of a corner node is possible (no nodes in the middle of the ele-

ment)!
Edge: A group of adjacent nodes, which are located on an edge of a FE-model, can be select-
ed via the option “Edge”. With this option it is possible to select nodes on an edge of a drill
hole or on a circumferential edge of a profile. Only one node on the edge must be selected.
With the scroll bar also only a part of the edge can be selected.

Switch: With “switch” the selection is inverted.

Deselect: Deselecting of selected areas.
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%R Picking of elements

There are following options for picking elements:
- surface

- all elements

- switch
- deselect
View
@ .
Qﬁ& | Koo | Element selection
Elements
Select a single element or a group of Individual element

elements using the element number, z.B. [—
7 | No. J oK
»1-30“ oder ,,1,2,3“ —l

E %o |— @ Surface | = All elements B =
i vamen B switch | & Deselect all o s

e —— N —
© sutace 5 Al slemmants T T © suoce Ta Al clements
[ S| AT e
s Switches the Deselect all .

ro =] selection Eo e

—_—

@ o ®

—_—

- [Eow®

Figure 34: Picking of elements

To assign a material it can be advantageous to assign different material properties to differ-
ent elements. This can be done with “picking of elements” with the normal picking option or
with “picking of surfaces”. For rod- and beam-elements the selection of the elements can

only be done by using the element number. The elements cannot be selected by the mouse-

control.

(@)
Picking of surfaces

There are following options for picking surfaces:
- surface
- edge
- switch

- deselect
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rView
R RE | %]
Surface
Angle
30.0
Scroll bar to set an angle —_ ] |
N eSS |
=R 3¢ Close

Surtace

300

O~ Surfoce | © Al surfoces
B swach | S Deselect ol

Morks
o Add —Dalete

=

[® > ®

— |  @o Surface | @ All surfaces |

B switch | S Deselect all |

! I

Switches the Deselect all
selection

Figure 35: Picking of elements

Surface selection

—_—_——————
= wE 3¢ close
Surtace

300

O Surfoce | € AN surfaces
Bl Swach | % Deselect an

Marks
o Add -—Deiate

=

[® > ®

The option “picking surface” works like the option “picking of nodes”. With both options you

can select the surface of a building element. Pick with +@(c|ick) a surface an select

,surface”. ,All surfaces” selects the entire surface.

How to select the best picking option

Node selection

', Element selection

Surface selection

A Constraints

Pressure (tetrahedron,
Hexahedron) volume shells

Locale meshing,
Hexahedron mesh
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G’@)@ Set management

Every selection done by the picking menu can be saved as a marker. Simply click on “Add” at

the marker you would like to save. These markers serve as starting basis for defining sets
and later on applying boundary conditions, material assignments, refinements of tetrahe-
drons or displaying options. With Boolean operators several markers can be added or

trimmed. When you achieve the desired result click on “Add Set”.

r Marks

ok Add == Delete

Saved selected areas

Boolean operation —» | @ G)FJ |‘

ok Add set | == Delete set |

Set2
Set3
Set4

Added sets

Figure 36: Markers and sets in the picking menu

it

Figure 37: Boolean operation to create a set from a combination of different markers
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il Creating FE Structures: Trusses/Beams

Like in Z88 V15 OS, it is possible in Z88Aurora® to create and calculate truss and beam struc-

tures.
Create structural elements
Create truss or beam
% - B™ Nodes and Create element e
structure
& Tetrahedron Q Super elements
Set - Administration
ﬂ Picking

i Not selectable
I Section | >ﬂ4 I'hickness without import

M=ataris
igterial

Constraints

#, Define |

Figure 38: Creating structural elements

In the submenu “Creating nodes and elements” nodes are created by entering the coordi-

nates, and then the element type is selected and created.

N 1t is not possible to create mixed structures with different element types!

To do this, the use of Z88V15 OS is recommended.
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Create node Create element
View
| ¥ Close I
|
LY Deselect |
-Create node Create structural elements

Type
O Truss No. 4 (3D)

Coordinates

x-direction | O Truss No. 9 (20)
y-directionl O Beam No. 2 (3D)
z-direction | O Beam No. 13 (2D)
(O Beam No. 25 (3D)
Administration O Shaft No. 5 (3D)
o Add | == Delete | e
== Insert | ), Edit | Nodes No. 1 |
! Nodes No. 2 |
Nodes q
> Insert selected |
Number |
Administration
bk Add | == Delete |
== Insert | X, Edit |
Elements
Number |
1
2
3 =S
Figure 39: Creating structural elements
& nodes

= create new node coordinates

e enter"x“

e enter "y

e enter "z
= click ¥ 2dd

After entering the data, the nodes can be edited or deleted:

The selection of the nodes to be changed can be done via the selection from the list.

39



!‘{J{Aurora@’

User Manual
% Edit
=with the node is selected for futher processing in the pop up menu “Edit”.
WU Red marked selection is
|§ ] | ¥ Close |<— deselected
& Deselect all [
Create node
Coordinates
x-direction | 0.00E+000
1. Enter coordinate -
y-direction |1.00E+000
z-direction |0,00E+000
Administration
2. Add node —» & add = Delete |1—- Delete node
Add node at the marked position to list, —#» < ;sent 9, Edit |“—‘ Edit node
(the number of the other nodes are @, e ===
chanched automatically) Nodes [ Coordinates
Number | = X direction
1 Y direction | 2.000000E+000

2 direction [0.000000€-+000
3¢ Abbrechen

3. Node is inserted
in the list

Figure 40: Node menu

FilN For further information about the selection of nodes, see chapter B2 Picking"

Selecting from the list:

= @ + select the node to be edited from the list = the node turns red

Afterwards, the selected node can be % edited or mm deleted.

When all nodes have been created, the elements can be defined. For this, you have to switch

ﬁ Elements

With “Add” a node can be inserted in the node list afterwards, the other nodes are renum-

to the menu.

bered automatically.
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View
& Ii | ¥ Close | .
Red marked selection
ﬁ Elements % pe-select all is deselected
Create structural elements
TYDE
Q Truss No. 4 (3D)
. Q Truss No. 9 (2D)
O Beam No. 2 (3D)
O Beam No. 13 (20) 1. Chose element type
O Beam No. 25 (3D)
O Shaft No. 5 (3D)
Nodes .
2. Chose node with node number
Nodes No. 1
Nodes No. 2 |
P _—Or select node and click
Administration 3. click
+ Add == Delete
=3 Insert Q, Edit
Elements
X - Number —
1
2
3 g

Selected element

= create new element

Element is inserted in the

element list

Figure 41: menu "Elements"

= determine element type (Truss No. 4 / No. 9, Beam No. 2 / No. 13 / No. 25, Cam No. 5)

for further information please see

e enter node 1 (by direct selection of the node via mouse+ RAdd selected

the Theory Guide

e enter node 2 (or by entering the node number)

= click * 2dd |

After the elements have been entered, they can still be edited or deleted. The selection is

done via the element table.

The compilation of the entry file is now completed. You can save the data and close the

submenu.

In the next steps element parameters (geometry, cross section etc.), material and boundary

conditions must be allocated. For this, please consult the help for I’I]‘ “Element

. A .
parameters”, «§Hl Material“ or “m== Constraints”.
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HR Meshing

You have three possibilities of meshing parts in Z88Aurora®. On the one hand, a continuum
can be meshed to miscellaneous FE structures with the mesh generator Z88N via the inter-
mediate step of super element creation. On the other hand, two Open Source meshers,
TetGen and NETGEN, for the creation of tetrahedron meshes, are integrated in Z88Aurora®.

It is also possible to convert STL files directly into shell elements.

Pas Creating a tetrahedron mesh

After import of geometry via *.STEP or *.STL, the part can be meshed by tetrahedrons. Two
Open Source meshers are available:

e TetGen was developed by Dr. Hang Si of the research group "Numerical Mathematics
and Scientific Computing" at the Weierstrass Institute for Applied Analysis and Sto-
chastics in Berlin. In Z88Aurora® this mesher can be used for tetrahedrons with 4 or
10 nodes. In Z88Aurora® this mesher can be used for tetrahedrons with 4 or 10
nodes.

e NETGEN was mainly developed by Professor Joachim Schoberl (Institute of Analysis
and Scientific Computing at the Vienna University of Technology, research group
Computational Mathematics in Engineering) within the framework of the projects
"Numerical and Symbolic Scientific Computing" and the Start Project "hp-FEM". In
Z88Aurora® this mesher can be used for tetrahedrons with 4 nodes. In Z88Aurora®

this mesher can also be used for tetrahedrons with 4 or 10 nodes.
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Settings
Mesher

A O Tetgen

O Netgen

Element type

O Tetrahedron (linear) 4———Nr. 17
O Tetrahedron (quadratic) €—— Nr. 16
Value

I <+ [ou]

Administration Create mesh with the current rule for

Add rule for meshing — 9k Add | £ Create mesh | = meshing
|| "= Delete | £l Remove mesh | <—Mesh is deleted and the STP/STL is displayed

Close menu — ¥ Close | &} Mesh info | <+— Mesh is checked

Rules for mesh

Active | Name I

Figure 42: Creating of tetrahedron meshes and the options Tetgen/Netgen

= Select TetGen or NETGEN
= determine mesh parameter (accuracy of the mesh) and element type (this value corre-

lates to the edge length in the respective unit of length)

= click + — (the rule for meshing is created)

The data for the rule can be viewed any time.

= afterwards either Create mesh or add a new rule

= with x Liise leave the tetrahedron menu
A Depending on the selected mesher, the mesh creation may take some time. Please

note the information window "meshing" and the status display! Chose the accuracy

of the mesh adequately to the size of your component.
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Q proof Mesh

As an additional function there is the feature "proof mesh" for the quality check of imported
or self-created meshes. Please keep in mind that the results of the FE calculation are only
plausible when you have a sufficiently good mesh. Therefore always conduct a quality check
at the end of the meshing. If the mesh is faulty the flawed element is displayed in red (view

option: “mesh”). Additionally the file z88det.txt is created in the project folder.

@ Mesh info

o

= s = it

The mesh is computable The mesh is not computable ‘
Elements see 288det.txt

288det.txt

Figure 43: Prove mesh
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QGenerating Super elements / mesh generator Z88N

The mesh generator Z88N from Z88 is integrated in Z88Aurora® with additional features:
o 788N for hexahedrons, tori, plain stress elements, plate and volume shells
e Tetrahedron refiner
e Shell thickener — Volume shell
e STL refiner

% Super elements

These features are openend with the icon in the preprocessor menu

Create structural elements
ﬂ Menu Preprocessor -
E“ Nodes and Create element |
Z88N mesh generator
Mesh 8
& Tetrahedron ‘ & super elemen

Set - Administration

f‘! Picking |

Element parameter

I Section "l]" Thickness |

Material

HII patabase

Constraints

A pefine

Figure 44: menu “Preprocessor” with the start icon “Super elements” of the mesh generator Z88N

45



g "
{J{Aurora

User Manual

Usage of Z88N in Z88Aurora®

The mesh generator can create 2 or 3 dimensional FE structures from super structures. Gen-

erating a mesh is only possible with continuum elements.

Table 2 offers an overview of the possible FE structures.

Table 2: Overview of possible super structures in Z88Aurora®

Super structure

Finite Element Structure

Plane Stress Element No. 7

Plane Stress Element No. 7

Torus No. 8

Torus No. 8

Plane Stress Element No. 11

Plane Stress Element No. 7

Torus No. 12

Torus No. 8

Hexahedron No. 10

Hexahedron No. 10

Hexahedron No. 10

Hexahedron No. 1

Hexahedron No. 1

Hexahedron No. 1

Plate No. 20 Plate No. 20
Plate No. 20 Plate No. 19
Shell No. 21 Shell No. 21

In all spatial directions a super structure can be refined uniformly, in ascending or descend-

ing order. For this element sets must be created, the rules for meshing must be defined and

afterwards meshed.

For example:

= Define 3 element sets, change to

= Define element type

@ Super elements

=local x-direction: uniform, ascending or descending fragmentation

=local y-direction: uniform, ascending or descending fragmentation

=local z-direction: uniform, ascending or descending fragmentation
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= click on + Add (the rule for meshing is created)
The data for the rule can be displayed any time.

Create mesh .
E or create another rule; only one rule can be defined per set

8 Close

= either

= |leave the menu with

[ Al elements

Elament type
Type no.7 "]

Local x-direction
Divide uniformly, in ascending —# @ equd. O decre. O incre.

or descending order vaise [6

/A:m

& equid. O decre. (O incre.

Number of fragmentations
Value I!-

per super structure
Local z-direction
O equid. (O decre. () incre.
Value Iﬂ
o LIS Create mesh with all
Rule for meshing is created —s o add | El Create mesh active rules

Ruleis deleted — == pelete | [ Remove mesh |+— Mesh is deleted

Close menu —* | 3¢ Close | [ mMesh info |“'— Mesh is checked

. TS
LA =N
. .
- _i__ - —_— =z _"t"-\l_-;
b L . f - "':I._:-i_—_:r_-s_'__.-'
FI ) '
B, ox
Super element structure FE structure

Figure 45: menu “Super elements” of the mesh generator Z88N

A After creating the mesh, the rules for meshing are deleted!
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Refining a tetrahedron mesh
With this option it is possible to improve already existing tetrahedron meshes. With “pick-
ing” a set can be created with the tetrahedron that should be refined. Each element is divid-

ed into 8 tetrahedrons.

initial tetrahedron
with all median lines

sets

Name I

All elements

Minimal inner angle
[
4 corner tetrahedron 1 octahedron

{ Administration
|

é 2} z& ; ; o Add | [i] Create mesh |

== Delete | %l Remove mesh |

¥ Close | @ Mesh info |

Rules for mesh

% Active |Name |
2square-based pyramids' = \ :
SRS

4 tetrahedron

Figure 46: refining of a tetrahedron: input mask (right), process (left)

The adjacent elements are adjusted to the changed node numbers and are divided as well.
For this a minimum element angle must be specified to prevent a large deformation. Instead

of the ideal interior angle of 60°, an angle of 3°-10° is realistic.
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/ Step 1 / Step 2

Step 3 Step 4

Figure 47: Process of the algorithm for refinement

Shell thickener
With this feature it is possible to thicken already existing shells, which have nodes in only

one plane (e.g. from Nastran or DXF import), and thus creating volume shells (element No.

21 and No. 22)

Volume shells

Figure 48: normal shells (above) and volume shells (below)
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Value

[ <+—— [Thickness]

Administration Create mesh with the currentrule for

Add rule for meshing —» 4 Add I B Crate mast I “+— meshing
Delete rule for meshing ——» ™= Delete I [ Remove mesh l <+—— Mesh is deleted and the STP/STL s displayed
Close menu —» 3 Close I & Mesh info | “— Mesh is checked
Rules for mesh
Active luame ]

Figure 49: Shell thickener in Z88Aurora®

More information see ”A‘Creating a tetrahedron mesh“

I% Element parameters

You can allocate element parameters for the element types plate, shell, truss, beam and cam
element and plain stress element.

According to the element types following icons are selectable:
I: beam, truss, cam

’I]‘: plate, plain stress element, shell

I beam, truss, cam

-Element parameter-

I Section b{}« Thickness

If you have created these structures beforehand, they can be edited here.

Vi Element parameters of imported Z88 files (Z88V15, Z88V14, Z88V13, Z88Aurora® V1)
must be created anew, because they cannot be imported with the structure!

Depending on what element type you have chosen, you can assign the respective
geometry date. You can assign one geometry to all elements [ Allelements = or you can

define sections (from/to element) and assign one geometry per section.
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© 0view @ Eloment geometry % |
Administration Administration Results
From Elemest No, Crass sectional 2]
Jeme Poa{To ST
[ [ Geometryl ElementSett 1 4
To Element No. Moments of inertia
Iy: 7.85398264003
B2 7.8539826+003
Assign element D)8 demants Max. dtance from neutral s
: 1.000000€: 1
geometry P ax T 1.000000€+001
- Dolote I Second moment of ares (torsion)
R: 1.570796E+004
Moo | P e o) 3
Choose element \
 Geometry Picture Valoe
eomet
g ry @© Crcle B I ‘
O Tube | \
O Rectangle L \
O Square profée . I [
o o |20 Y
5 el \
Q Varius ) Colculaton I

~J

Automatically calculated
geometry data

Figure 50: Assigning cross section in the menu “element parameter”
When using the element type 25, another menu is available, which need special settings for

the control node can be made. For details, see theory manual.

- Additional information for element 25

- Reference point cordinates
X direction

r Schubverhaeltnis

I]..D

Y direction

Z direction

- Calculating theory
(®) Bernoulli
(O Timoshenko

The element parameters can be inserted by hand. Additionally Z88Aurora® V5 can calculate

the element geometry of a circle, tube, rectangle, square profile or I-profile.
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Geometry Picture Value Ceometry Picture Valoe
©forad s [ O crce 0000
O Tube b @ |
O Rectangle H O Ractanghe H

r ==
O Square profile : —————— O S :
O rprofile : o O Fpratie L —
O Various - ” 8 Colculation I Q Various - o . ™ i
Geometry Picture value Geometry Picture Value
O cirde B ,7 O cirde B
O Tube b O Tube b ’7

[ H
© [Rectangle] H L] O Rectangle -
O s s ¢ — © et  ————————
O 1profile : ,7 O 1profile B ’—

O Various e wrs 8 Colaaton |
Geometry Ficture Value Gaometry Picture Vol

O cirde ey ¥y (] I— O orde A

O Tube \ \ [h b I O Tube L
o NS (| O Rectaagie 3 "

Rectangle ,...X.b_z_z H . y |
O Square profile i—\\\ﬂ—h  —— O Square profle o
@© |1 profile & I\ \ j' 2 a © Forotly e

L B___ rarious —
O Various L Bl | O v
Figure 51: Cross sections that can be automatically calculated
To do this:

= select element geometry
= insert entry parameters (depending on the selected element type only the re-

quired data is used for the calculation)

N E Calculation

With + — the element parameters are assigned to the structural elements.

>[I< Plate, plain stress element, shell

Element parameters

X section | M« Thickness

You can assign one geometry to all elements [dAllelements = or you can define sections

(from/to element) and assign one geometry per section.

- o Add

=edit thickness with double clicking

o ¢ Close
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) 3Dview @ Element geometry %
Administration Administration
From Element No. Active | Name Set name | Thickness
I Geometryl ElementSetl 1.000000
To Element No. /
All slements Edit thickness with
Create an element double click
set —p& | o Add
Delete element set
=T™ == Delete
Close menu —t» 3¢ Close

Figure 52: Assign thickness to plain stress elements, plates and shells
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[ Assembly management / Contact analysis

A detailed workflow for carrying out a contact analysis is shown in Figure 53. The import of

assemblies directly from a CAD program is not possible.

Model setup for contact analysis

3788 rvonat
‘gﬁé uro,;a4

CAD

assembly

| Only individual parts, no assemblies!

a8 & B ¥ J

STL NAS INP ANS Cos
part FE mesh FE mesh FE mesh FE mesh

Repeat for each part of the assembly!

STEP STL
assembly assembly

X X

‘
Import meshing close project

(STEP/STL) _’E
@ & J leSStructure.txt.

I for contact: only lin.fquad. Tet./Hex.

i

A
~\
rnew project activate contact add parts
I£. Linear mechanical v |
IEI Contact active |;§3 &
\ y,

™~
ri:t:mtat:t analysis Preprocessing contact settings
as usual
3 B IEI

Figure 53: Setup of a contact analysis

To carry out a contact analysis in Z88Aurora® a new project has to be created. In this project
the contact module has to be activated (checkbox “Contact active”) and multiple parts have
to be imported. These parts have to be in the 788 structure format (z88il.txt or
z88structure.txt). If the parts have not already been meshed and are only available as either
a *.STEP or *.STL, they have to be imported into individual Z88Aurora® projects and meshed.

The resulting structure file can then be found in the project folder. The element type used
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for all parts has to be the same. The element types available for a contact analysis are linear
tetrahedron (no. 17), quadratic tetrahedron (no. 16), linear hexahedron (no. 1) and quadrat-

ic hexahedron (no. 10). Note that the checkbox “Contact active”

I, Linear mechanical ¥ || [¥] Contact active E &

is only available for a linear mechani-
cal analysis. Once the contact module has been activated, the part manager can be activated
via the corresponding button next to the contact checkbox. The part management menu is

shown in Figure 54.

E Part management [t
T Part info
Visi Master/Slave |Part name Name: Partl
Nodes: 1 - 10343
Elements: 1 - 37110
Slave Part2 Degrees of freedom: 31029
Element type: 17
Master Part3 R
Slave Part4 e
() Master ) Slave
Part transformation
Move | Rotatel Sca\el
K 0
v o
e 0
b Add O Duplicate ) Apply |

Figure 54: Part management

An arbitrary number of parts can be added to the assembly via the “Add” button as long as
they are available as z88il.txt or z88structure.txt. Additionally, a number of part transfor-
mations are available:

e Move: Part can be moved in x, y and z direction

e Rotate: Part can be rotated around the x, y or z-axis or a user-defined axis

e Scale: Part can be scaled by a specific factor in x, y or z direction
The defined transformation can be applied to the selected part via the “Apply” button.
Every part can be transformed in a different way, making the creation of an assembly con-
sisting of different parts possible. Using the part management menu, imported parts can be

duplicated.
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Via the part management menu each part has to be assigned a role, i.e. master or slave. A
contact can only exist between a master and a slave part. The contact search fails between
two master or two slave parts. Special care has to be taken when assigning the roles.
The following procedure is recommended for simulating assemblies that have been created
in a CAD system:

e Design the assembly in CAD.

e Export the assembly as individual parts as STL or STEP files.

e Import each part as a new project and mesh it and close the project.

e Create a new project, activate the “Contact active” checkbox and import all meshed

parts.
o Now the assembly should already be scaled and positioned correctly, only the con-

tact roles have to be assigned.

After the part management, the contact settings have to be assigned, see Figure 55.

& Contact settings [i_z-y
Contact type Contact discretisation Imposition method Contact Stiffness
: (O Mode - Surface (O Lagrange (® Absolute O Relative
(® Frictionless (® Surface - Surface (® Perturbed Langrange Normal:
Number of load steps Separation distance () Penalty |1.DDDDDDE+DD}'
|7 |1.000000€-001 Tangential:

[ Allow separation |l 000000E+007

Active |Name Add

[ Apply

== Delete

i

ngose

3l

Figure 55: Contact settings

Various settings regarding the contact type (bonded or frictionless), contact discretization
(node-surface, surface-surface), integration method (Lagrange, perturbed Lagrange, penalty)
and the contact stiffness can be made here. The theoretical background and the effects of
the different parameters are described in the theory handbook.

The chosen settings can be saved as a contact definition via the “Add” button. To change
values in an existing definition, change them and save them via the “Apply” button. A con-
tact definition can be activated via the “Active” checkbox. Only one contact definition can be
active at a time, which then is applied to the whole assembly.
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Warning! For each calculation the contact search is only carried out once within the defined
contact distance. If no contact is found at the start of the calculation, it will not be updated
during the course of the simulation - a so-called linear contact without coordinate update.
Defining a wrong contact distance or role may result in a statically indeterminate structure

or parts penetrating themselves.
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il Material

In order to carry out static strength analyses, natural frequency analyses and thermic calcu-
lations the present version of Z88Aurora® offers a material database containing more than

50 established construction materials.

Il Z88Aurora® Material Database

The Z88Aurora® material database is selected in the preprocessor menu ( %) via the button

E“ (or via "Preprocessor" = “Material Database”). To facilitate your work with Z88Aurora®,
several materials, such as miscellaneous types of steel and aluminum, have already been
predefined.

If you select a material from the list on the left, its allocated properties can be viewed in
“Details” (Figure 56). If a material should be edited, a copy of the material is created so that
the internal data base remains consistent. The flow curves are not copied by non-linear ma-

terial. Already existing materials from other projects can also be imported.

D) 30-view Il Material database |
Assigned materiall Administration
Ho. | Aciive | Name Set name | Material name | Description | Hurnber Material sets
3 [ Engineering steel MatSetd  Engineering steel E295 1.0050
Create new material set
=] Al elements
:I Define I
I* Delete |
Material database Adminestration
Ho. | Hame Descriptin INumherlAmﬂta‘mn I - o Add I.q_ Create new material
1 Enginearing steel EXS 1.0050 MMMt Edit E){isting material
’ . %, Edit -—
2 Strucural steel S2350R 10037 W/mm/t
3 Structurel steel 527512 10145 Wmmjt @ Details I-!— View material properties
4 Heal resisting steel PESOGH L0460  Himm/t
5 cose-hardened steel C15€ L1141 Wimmt = Import |"— Import material
& Engingering steel C10E 1.1121 N/mmt b Export I + E){pﬂrt mﬂteriﬂl
7 Alleyed case hardening steel 15HICr13 15752 HW/mm/t
&  Heat trestable steel 20Mn5 L1133 Wmm/t ¥ Close |-1— Close menu
G Heat trestable stesl SECHY 1.B161 H/mmt =1

Figure 56: Z88Aurora® Material database

If the required material is not included, you have the possibility to define new materials in

the database. For this, click s | in the right menu and the context menu "Material
Parameters" is opened (Figure 57). In the first input array you can define the material type

by means of "Material Name", "Identifier" and "Material Number". In the second input array
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the material properties, such as Young's Modulus, Poisson's ratio and density (& Unit den-

sity: t/mm?3) are entered for the linear analysis.

| General-

Name Ii
Description I»-
Number |»-
Annotation [-
 Material properties
Linear | Non-linear | Thermal l
YYoungs modulus ID.OU
Density IU.OOOOGUEWOO
Poissons ratio [o.00

& Cancel |

Figure 57: Context menu material parameters

In the case of unalloyed construction steel (according to DIN EN 10025-2) this would look as

follows:
e Name: construction steel (common name)
e Description: S235JR
e Number: 1.0038
e Annotation: own annotations e.g. delivery
e Young's Modulus: 210000 N/mm?
e Density: 7.85 E-9 t/mm?3
e Poisson's Ratio: 0.29
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For thermal analysis you have to assign heat conductivity and heat expansion (tab “Ther-

mal”, cp. figure below).

I
General

Name

Description

Number

Annotation

]._
l..
1._
l..

Material properti

Linear | Non-linear Thermal

Heat conductivity

Heat expansion I0.00UOUOEWOU

x Cancel

Figure 58: Input for thermal analyses

Administration
Material sets
Hame I
MatSetd
All glements
<] Define
i+ pelete
Material can not be edited!
Administration
o Add
K I I |
%, Edt | Dox_|[ & conce
@ Details
Genaral
e | Rame IEngnﬂnng steel
S egot | Descrgton [£255
Hureber 10050
o Close | Annctation [Nimmye
Material properties Material properties
Unesr | Therma | tinear. Thermai
Youngs modubus [210000.00 Heat conductivity [4.60E+001
Densty  [7.85E-009 Heat expansion [1.11E-005

Poisson ratio [0.30

Figure 59: Context menu material parameters II

Only the material properties required by the respective type of analysis have to be entered.
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£ please note that you have to enter a dot as decimal point and that the material name
must be unique (e.g. "construction steell”, "construction steel2“, etc.).

%, edit

With the pushbutton you can edit already entered materials. A copy of the ma-

terial is created so that the data base remains consistent.

ll:{) Define l» Delete
With the material is added to the structure, with it is
deleted.

If you want to apply one material to the whole structure, set a check mark at “All elements”.

Otherwise you can apply different materials to different elements sets, e.g. to create a bi-

“ Close

metal. With the data base is saved and the tab is closed.
I Materialmodels
In nonlinear analyses different material laws can be chosen to consider elastic or plastic ma-

terial behavior.

Table 3: Overview of material models

Young's- Poisson | Flow
material behavior | Modulus . Further parameter
Ratio curve

Hooke linear-elastic v v x x

Von Mises elastic-plastic v v v x

* flow direction
parameter w
or
* course of the flow
direction parameter
f(w)

elastic-plastic,
Wehmann different poisson v v v
ratio in plastic sector

Therefore, the table with the assigned materials contains an additional column in the mod-
ule nonlinear strength. Figure 60 shows this column, in which the favored material law can
be selected. This selection has to be confirmed with the "ENTER" button so that it is adopt-
ed. In case of Hooke's law, linear-elastic material behavior is present, geometric nonlinearity

alone will be taken into account. Regarding the material parameters, only Young’s modulus
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and Poisson's ratio are necessary in this case. These two parameters are specified under the

“Linear” tab (see. Figure 57).

&) 3D view I“ Material database ¥ |

Assigned material!

Mo. |Acti\.re |Name |Set name |Materia| name

|Descripti0n |Number |C0nstituti\.re law |

Material database

Hooke (geom. ,IV

Hooke (geom. NL)
von Mises
Wehmann (w constant)

Wehmann (w variable)

Heat treatable steel 58Crv4

Mo. | Name Description |Numher |Ann0tati0n
1  Engineering steel E295 1.0050  M/mm/t

2 Structural steel S235IR 1.0037  N/mm/t

3 Structural steel S27532 1.0145  N/mm/t

4 Heat resisting steel P250GH 1.0460  MN/mm/t

5  case-hardened steel C15E 1.1141  N/mm/t

6  Engineering steel C10E 1.1121  N/mm/t

7 Alloyed case hardening steel 15NiCr13 1.5752  N/mm/t

8  Heat treatable steel 20Mn5 1.1133  WN/mm/t

9 1.8161

M/mmjft

I

=]

Figure 60: Choice of the material law for nonlinear analyses

Administration
Material sets

Mame

MatSets

MatSet?

All elements

<] Define ‘

I+ Delete ‘

Administration
db Add ‘
%, Edit ‘
® Details ‘

= Import ‘

& Bxport \

* close ‘

By selecting one of the other laws, plastic material behavior is present and additional mate-
rial data must be specified. In these cases, no geometrical non-linearities are taken into ac-
count. Necessary additional parameters for the plastic material models must be specified

under the “Non-linear” tab.

Figure 61 shows which parameters must be entered for the "von Mises" law. You have to
enter the flow curve, which is defined by pairs of values of the plastic elongation and yield
stress. By clicking the button “Add” you can define a new pair of values, the values can al-
ways be selected and edited by double-clicking. With the “Delete” button the selected value
pair is deleted. Also, importing a text file with all pairs of values is possible.
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4, Edit |

General

Name |

Description | --

Number |

Annotation |

Material properties
Linear Mon-linear |Therma| |
Material model:

von Mises

Flow curve/
e

Hox

‘ % Abbrechen

-
g Flow curve
4

.

Course of the flow curve

Plastic strain |Flow stress

0.0

600
700

b Add

‘ = Delete ‘ = Import ‘

@QK % Abbrechen

Figure 61: Input of the material data for the material law "von Mises"

Figure 62 shows the structure of a sample file. After its import, the values result in the way
shown in figure 61. It is important that the first line of the file contains the number of pairs

of values.
3
0.0 000.0
0.05 700.0
0.10 /750.0

Figure 62: Structure of a txt-file for the import as yield curve

The unit for the plastic strain is always 1 (dimensionless), i.e. 0.05 corresponds to 5% plastic
strain. The flow curve can be determined by the following two equations from the Stress-

strain curve (o-& diagram).
kf =0

£p1=£—se1=£—

o

E

Thereby, k¢ is the yield stress and € the total strain. Figure 64 shows an exemplary stress-
strain diagram and the corresponding flow curve.

Stress-strain diagram
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Figure 63: Stress-strain diagram and the corresponding flow curve
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In case of the Wehmann model, the selection must be switched to " Wehmann (w constant)”
as shown in figure 64 on the left. This model allows to adjust the transverse contraction in
the plastic range decoupled, with the help of an additional material parameter. If you, for
example, notice that the von Mises-law does not describe the transverse contraction cor-
rectly, you can achieve an improved description with the help of the Wehmann model. For
Wehmann model, as for von Mises, a yield curve must be specified.

[, et - =) %‘3 row e —

Course of the flow curve

Plastic strain |Flow stress ‘

General

Name |
Description | /

Number | / #ad | moeete | — mpon |
Annotation |

@QK %ﬁbbrechen

Flow direction parameter w . M

Material properties

Course of the flow direction parameter w
(@ fix value

Material model: O vareble el
Wehmann ‘ Il [o.500000E+000]

Linear Mon-linear |Therm

Plastic strain |F\U-,w direction parameter w

Flow curve

gk Add | == Delete | = Import |

-(ﬂgl( ‘ % Abbrechen

-QEQK %ﬁbbrechen

Figure 64: Input of the material data for the material law ,,Wehmann model”

In addition, the flow direction parameter w has to be specified, which can assume values
between 0 and 1 (see. figure 64 right). The parameter can be determined in a tensile test, by
including the measurement of the transverse contraction. Using a circular sample having a

diameter D, the cross-sectional area A, and length L results in the following determinative

equation.
AD  VF
_ Do EA
WETRA T
L EA,

AD and Al are the change of diameter and the change of length. Note that AD =D — D, < 0
and Al=1—L > 0 are applied. With E and v Young's modulus (elastic) Poisson's ratio are
identified. F is the force in the tensile test. Further information on Wehmann model can be

found in [Wehm14].
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In case that the parameter w according to the equation above for tensile test data is not

constant, the modified Wehmann model exists. Once the selection is switched to "

Wehmann (w variable)", the additional material parameters can be entered (see figure 65).

r . B B Fow ce =)
Ed | = i,

% - A i Course of the flow curve

Plastic strain |Flow stress ‘

General

0.0 600

0.05 700

0.1 750

Name |

Description | /
Number |__ / o Add ‘ == Delete

es Import |
Annotation |
QBQK w Abbrechen
Material properties Flow direction parameter w . =
Linear Non-linear ‘ Therm Course of the flow direction parameter w

O fix value

Material model:  vorible e
Wehmann ‘ [0.5000008+000

Plastic strain |Flow direction parameter w

Flow curve

+Add ‘ == Delete ‘ = Import |

@QK ‘ .% Abbrechen

&QK Wﬂbbrechen ‘

Figure 65: Input of the material data for the material law ,,modified Wehmann*

Entering the course of the w parameter is similar to the input of the flow curve (see figure 65
right). Again, a file can be imported with the value pairs. The file has the same structure as
the one for the flow curve (see figure 62), only the parameter w must be entered instead of
the yield stress, respectively. Thereby the parameter is determined according to the equa-

tion below from tensile test data.

With sgl the plastic transverse strain is denoted. The following applies:

q q_ .d AD 4 AD N o
ehy=¢l—¢g i =—+vVegg=—+V =

Pl el D, ® D, E
So the course of the plastic transverse strain plotted over the plastic elongation is to be de-
termined from the tensile test. The gradient of this curve corresponds to the w-parameter.
Also applies 0 < w < 1 here. For further information on the theoretical background of mod-
ified Wehmann model we refer to [Wehm14].
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— Applying Boundary Conditions

Z88Aurora® offers the possibility to define all boundary conditions within the preprocessor.

Boundary conditions can only be applied to sets, so first of all these have to be defined with

PR Picking
' (for more information see chapter ,Picking“)

Picking of nodes Picking of elements
Pl [ttt

All mechanical and Pressure for tetra-
thermal boundary con- A hedrons, hexahedrons
ditions 777 and volume shells

Figure 66: Picking options for boundary conditions

Imported structures can either be calculated with the existing boundary conditions in
Z88Aurora® or new entries can be applied. For imported boundary conditions sets are creat-

ed automatically, that can be viewed in boundary conditions menu.

Static thermal |
and f ]v ,

two different views of the menu are available, that can be selected in the upper left corner

IZ Linear mechanical ]v
For both types of analysis .

of the menu.
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A View

Sem@

| Fixed_1
Fixed_2

Directions / Rotations
[[] x-direction [ X-Axis
[] y-direction [ Y-Axis
[] z-direction [ z-Axs

Boundary conditions

are dependent on the type of
Type analysis

O Displacements

O Pressure

O Force (uniformly distributed)
O Surface load

O Projected surface load

O Line load

O Projected line load

Value

I —
: Define value

Figure 67: Creating boundary conditions |

In order to apply a boundary condition, proceed as follows:
= Select analysis type

= Select set

= Select Directions/Rotations, e.g. x-direction

= Select type, e.g. “Displacements”

= Enter value, e.g. “0”

= Enter name, e.g. “fixed”

L g
=

In the OpenGL window the boundary condition appears with the respective color.
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A

Directions / Rotations
[ X direction
[ ¥ direction
[] Z direction

Z Type
O Displ ts : . DISPLACEMENTS

(O Pressure

O Force (uniformly distributed) i\l\
O Surface load

(O Projected surface load

O Line load

O Projected line load

f Type . TEMPERATURE
O Temperature |

HEAT FLOW UNIFORMLY DISTRIBUTED

[ X Axis
[ Y Axis
[ Z s

PRESSURE
FORCE UNIFORMLY DISTRIBUTED

FORCE DISTRIBUTED

O Heat flow (uniformly distributed)
O Heat flow, line (uniformly distributed)
O Heat flow (distributed)

HEAT FLOW DISTRIBUTED

O Heat flx 4 HEAT FLUX
O Convection < CONVECTION
ﬂ\ . ‘.
,\/\-356%%\;\ -Constraints — Define nhame
Administration /—/
Name Iload &=
+ Add | == Delete |
@ showall | ¥ Close |

Active |Name\ |

fixation
o heatflux

\

Check mark activates Show all boundary conditions

boundary conditions

Figure 68: Creating boundary conditions Il

Figure 68 shows the possibilities to apply boundary conditions. You can apply displacements,
pressure and forces. You can choose between uniformly distributed force, surface load, pro-
jected surface load, line load and projected line load.
Force (uniformly distributed) applies always the same force to the nodes while Surface load
and Line load distributes the load according to FEA rules (for further information see theory
manual)

A Thermal boundary conditions are not dependent on direction!

A Pressure always requires a surface-set.
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[=
Delete

deletes existing boundary conditions. “Show all” shows the boundary con-
ditions, which are activated via the check mark. The different boundary conditions are

shown in their respective color:

. DISPLACEMENTS

PRESSURE

FORCE UNIFORMLY DISTRIBUTED
FORCE DISTRIBUTED

TEMPERATURE

HEAT FLOW UNIFORMLY DISTRIBUTE

HEAT FLOW DISTRIBUTED
HEAT FLUX

Figure 69: view options “boundary conditions”

To view single boundary conditions separately, the respective constraint can be selected via

"Administration".

rConstraints

Administration

MName I

e Add | == Delete

@ Show all | M cClose |

Active | Mame | =
Fixed_1
Fixed_2
] Ground -

Figure 70: viewing boundary conditions separately

x Close

With the menu is closed.
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S &size of boundary conditions

The function "Size of boundary conditions" effects that the shown boundary conditions are

displayed at a larger or smaller scale in the preprocessor menu.

ST+ BTV VSQ @S AR BE

Figure 71: Changing the size of boundary conditions

& The labeling of the boundary conditions is not scaled by the size of the component.
If you do not see applied boundary conditions, please change the size via the tool

bar "View" or the sub item "Size of boundary conditions" in the "View" menu.

70



User Manual

s
{ﬁAurora

4.3 @ Solver

The solver is the heart of the program system. It calculates the element stiffness matrices,

compiles the total stiffness matrix, scales the system of equations, solves the (huge) system

of equations and stores the displacements, the nodal forces and stresses.

The linear Solvers Z88R and Z88RS

788 features three different solvers:

71

A Cholesky solver without fill-in. It is easy to handle and very fast for small and medi-
um structures. However, like any direct solver Z88F reacts badly on ill-numbered
nodes but you may improve the situation with the Cuthill-McKee program Z88H. Z88F
is your choice for small and medium structures, up to 20,000 ... 30,000 degrees of
freedom.

A direct sparse matrix solver with fill-in. It uses the so-called PARDISO solver. This
solver is very fast but uses very much dynamic memory. It is your choice for medium
structures, up to 150,000 degrees of freedom. The PARDISO solver is more sensitive
towards static indetermination and therefore identifies problems in the prepro-
cessing at the start of the calculation.

A sparse matrix iterative solver. It solves the system of equations by the method of
conjugate gradients featuring SOR- preconditioning or preconditioning by an incom-
plete Cholesky decomposition depending on your choice. This solver deals with struc-
tures with more than 100,000 DOF (degrees of freedom) at nearly the same speed as
the solvers of the large and expensive commercial FEA programs as our tests showed.
At the same time the memory requirement is minimal. It’s the right choice for struc-
ture from 100,000 DOF upwards but can also deal with structures with millions of
DOF. This proven and stable solver often works even when the structure is statically
indeterminate, a problem in the preprocessing which is only identifiable when the

calculation has already finished.
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ZLinear mechanical ]vl

| ©sices

Choose solver

@ PARDISO

| O cholesky
. (Q)SICCG
- | )SORCG

Enable solver speedup

Failure theory

() Mo reduced stresses

(O Rankine principal stresses

() Tresca stresses

Solver parameters

& Open [ \

mr PARDISO

Calculation
X stagf calculation

-

? Solver parameters

SICCG

VA

( F Solver parameters =)

SORCG

Number of iterations I:— Number of iterations
Residwum  [Locoooos-00s Residuum  [1.000000E-006
Alpha 1.000000€-004 Omega 1.200000E+000

? Help | ? Help |

3¢ cancel

o

€

Figure 72: solver menu linear mechanical analysis

Accelerated versions of the linear solvers were already added to Z88Aurora® V2b. Some

steps in the solution process could be reduced, without compromising the quality of results.

In particular, the two variants of the CG iterative solver were parallelized, thereby not only

one CPU but any number can be used simultaneously. Therefor it requires twice as much

memory as the CG-solvers from Z88R. Further, the termination criterion for the mathemati-

cal residual is now used, which includes the Euclidean norm of the error vector. This thresh-

old corresponds to the root of the termination criterion of the Z88R. Even with the boundary

conditions and other task-phase modifications were made, so that the already parallelized

PARDISO solver could be made even faster. All changes are marked as Z88RS & and are

used when a check mark is set for "Solver Speedup". The following Table 4 should serve for

orientation when each solver can be used.
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Table 4: Overview solver
Required Multi
Solver Type Number of DOF Memory Speed -CPU Notes
Z88R -t/c - Cholesky Solver ~ . . only for trusses
choly without Fill-In up to ™ 30,000 medium medium no and beams
useful with
Z88R -t/c - | direct Solver with - . . several CPUs and
parao Fill-In up to ~ 150,000 very high very high yes very much
memory
) conjugated a very stable and
Z_fi? to/rc gradients solver no limits (millions abs?)r;ute medium no reliable solver
-sorgc with pre- of DOF) minimum for very large
g conditioning structures
once more
. . depending on RAM accelerated
Z8_8I:§a-(’§/c direct Eicl)ll—\llr?r with up to millions of very high maximum yes version of the
P DOF direct Pardiso
Solver from Z88R
requires twice as
jugated much memory
Z88RS -t/c el i
o gradients solver no limits (millions . as the CG-solvers
s_lscocrgcor with pre- of DOF) very low high ves from Z88R and
& conditioning enables several
CPUs

The nonlinear solver Z88NL

The module Z88NL represents a solver for nonlinear calculation. Nonlinearities can either be
geometrical origin or material nonlinearities, for which the stress-strain relationships are
nonlinear. Regarding the material properties Young’s modulus and Poisson’s ratio are re-
quired for pure geometrical nonlinearity, just like for the linear solver Z88R. For material
nonlinearities additional data such as the flow curve have to be specified (see section 5.2).
The same boundary conditions as in the linear mechanical calculation can be applied. Follow-
ing elements can be handled with geometrical nonlinearity: Type 1 (hexahedron with 8
nodes), type 4 (3dimensional truss), type 7 (plain stress element with 8 nodes), type 8 (torus
with 8 nodes), type 10 (hexahedron with 20 nodes), type 16 (tetrahedron with 10 nodes) and
type 17 (tetrahedron with 4 nodes). Type 1 and type 16 can be used for material nonlineari-
ties.

The main difference to linear calculation is the parameterization of the solvers, which are
described in detail in the theory manual. Also the postprocessor is different: Now results for
every load step are available. This affects both the node based results of displacements and
the integration point based stress results. For stress results the comparison stress is calcu-
lated after the von Mises yield criterion, which is based on Cauchy stress.

73



{ZJ{Anrora@’

User Manual

The thermal solver Z88TH

For the calculation the module for steady-state thermal simulation resorts to the solver
types PARDISO, SORCG and SICCG. The number of values used in the system of equations is
decreased by using the finite elements for pure thermal analysis (hexahedrons, tetrahe-
drons) because of the reduction of the DOF to one (instead of three), so the system of equa-
tions itself is reduced. In contrast there are no changes in the thermo-mechanical calcula-
tion, the usual three DOF have to be regarded. The thermal conductivity is the only material
property that is required for determining the steady-state thermal conduction. If a thermo-
mechanical simulation is to be conducted the coefficient of thermal expansion is also needed
(in addition to the material properties used in elastostatic problems: Young’s modulus, Pois-
son’s ratio). No additional adjustments have to be done for a thermo-mechanical calculation.
The solver Z88TH automatically conducts the desired simulation, if thermal and mechanic
boundary conditions have been applied. If only thermal boundary conditions are applied a

steady-state thermal calculation is conducted.

The vibration solver Z88EI

The module for natural frequency uses a numeric method, which is especially approved in
FEA and was introduced already in 1950 by Cornelius Lanczos. Although no one could have
thought about numeric modal analysis then, the algorithm possesses many advantages for
FE programing. The basic idea, to reduce the matrix to a tridiagonal matrix (non-zero ele-
ments only in the main diagonal and the first diagonal below and above) by iteration is very
effective regarding memory management. Additionally it is guaranteed mathematically, that
the eigenvalues of this tridiagonal matrix are approximately equal to the eigenvalues of the
original matrix. Each iteration of the solver can be divided into two stages.

Initially an additional row or column of the tridiagonal matrix is calculated — basically only
three matrix values, because all previously calculated entries preserved.

In the second stage the eigenvalues of the matrix are determined — starting at zero and sort-

ed in ascending order.
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The contact module’s solver

The contact module is based on the same solvers that are already used for the linear me-
chanical module. Both preconditioned iterative solvers SICCG and SORCG as well as the di-
rect solver PARDISO are available. All solver types in the contact module are available in
their accelerated variants so that using multiple cores will accelerate the contact analysis.

The solver options are the same as in the linear mechanical module.

Further information and theoretical background on the solvers can be found in the theory
manual. The solver types are selected via the solver menu, which offers different options

depending on the type of analysis.

Under “failure theory” the following comparison stresses can be selected, depending on the
preceding calculation:

- von Mises theory

- Rankine’s theory / principal stresses

- Tresca’s theory

Additionally a view control values for the respective solver have to be defined in the menu

solver” - “solver parameters”

() sicea

- Termination criterion: maximum number of iterations (e.g. 10000)
- Termination criterion: residual vector < Epsilon (e.g. 1e-7)

- Parameter for convergence acceleration: shift factor Alpha (between 0 and 1, good
values may vary from 0.0001 to 1; start with 0.0001).

O SORCG

- Termination criterion: maximum number of iterations (e.g. 10000)
- Termination criterion: residual vector < Epsilon (e.g. 1e-7)

- Parameter for convergence acceleration: relaxation factor Alpha (between 0 and 2,
good values may vary from 0.8 to 1.2).
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]&, Non-linear mechanical ]v |

=

)SORCEG

Choose solver

@ PARDISO
Q) PARDISO - ‘

Failure theory

O No reduced stresses
(@ von Mises stresses

O Rankine principal stresses

N

\ () SORCG

() Tresca stresses

Salver parameters

‘Jﬁe“/

Ca\culatm -

& sert ca\culat\on

f @ PARDISO

F Solver parameters

Solution procedure
(9 Newton-Raphson procedure
O Arclength procedure (Riks)

Strategy of abort
@ Norm <=TOL
O Also for increasing norm

Number of load steps  [55

Max. iterations 1000
Residuum (TOL) 1.000000E-007
Arc length 1.000000E+000

Calculating spring back

Number of steps

Eam—

T Solver parameters

S| (@ solver parameters S Solver parameters

Procedure ESE\\_{_E[J Output |

Automatic switching

Q on
® off

[ Backup of Pardiso fields

rocedure. Solver!| outpur | Frocedure | Solver [Output

Automatic switching Results
O on () After 100% load
@® off ® After every load step

O After every iteration at every load step

Humber of iterations | 20000 '
1.000000E-008
1.000000E+000

Residuum

Omega

& cancel

@QK %ﬁbbrechen

Cﬂgx %ﬁbbrechen ‘ CBQK ‘%Abbrechen |

Figure 73: Solver menu non-linear calculation

A Calculation of equivalent stress with Z88NL is only possible with von Mises theory.

Since version V3 (see figure above, bottom left) there is the possibility of spring back calcula-

tion. This is provided for calculations with the plastic material laws. If the hook is set, the

number of steps for the spring back calculation can be determined. With five steps chosen,

for example, the load is reduced at the end in 20 % increments from 100 % to 0 %.
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‘ &~ Static thermal ]v |
] Choose solver OSICCG
== Draroso - ‘ ©SORCG
#r PARDISO
Failure theory
O No equivalent stress
(®) GEH (von Mises)
(O Rankine
QO Tresca
Solver p
#& Open |
r Calculation
% spff colculation |
| / \\
| Osicce ©)SORCG
" Solver parameters. 2 F Solver parameters ‘ ﬂ
SICCG i SORCG
Number of Itemuonslm Number of iterations
Residuum Il.nnl:llJIJnE-Dnﬁ Residuum 1.000000E-006
Alpha [ 0000002004 Omega 1.200000€+000
2 velp | ? hep |
iy

Figure 74: Solver menu steady-state thermal calculation

The settings correlate to those of the linear mechanical calculation.

’ f Free vibration ]v
E Choose solver
© Lanczos Vl

Solver parameters

¢ open |

Calculation
¥ Start calculation |

173

4
T 0

Lanczos

Number of frequencies (B

Number of iterations 20000

Residuum 1.000000E-008

Delta between 2 frequencies|1.000000E-006

Kappa 50

2 Help |

e |

Figure 75: Solver menu natural frequency
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— Number of frequencies that are calculated
- Termination criterion: maximum number of iterations (e.g. 10000)
- Termination criterion: residual vector, eigenvalue remains constant

- Difference between two frequencies: Difference between two eigenvalues (if the dif-
ference is smaller, the eigenvalues cannot be distinguished)

- Block length Kappa: critical value; after this number of iterations the residual vector
is checked

After defining of all required parameters the calculation is started with. 3\’9 CallalEle

When the calculation is finished, an information window is opened automatically.

& |

Z88R: ran successfully!

Figure 76: Information window

The solver in the text menu bar

The solver can also be accessed via the text menu bar:

File View Pre-processor 2|8 Post-processor Tools Help

0 [ "l I, Linear me ESDWEF i = ﬂ E ;ﬁ *

Figure 77: Selecting the solver via the text menu bar
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Available solver types for the respective finite elements

elementtype |approach K ]& S| f
Hexahedron
Hexahedron Nr.1 linear v QOO Rs|vOQ® |[vOOOD v®
Hexahedron Nr.10 quadratic OOORK|IVOD |[vOOO v®
Tetrahedron
Tetrahedron Nr.16 quadratic v QOO K|IvOQ OO0 v ®
Tetrahedron Nr.17 linear v OOQ R|vOQ |[vOOOD ' )
Plain stress element
Plain stress element Nr.3 quadratic v OOOK x x x
Plain stress element Nr.7 quadratic v QOO A|IvOO x x
Plain stress element Nr.11 cubic v Q00 k x x x
Plain stress element Nr.14 quadratic v OO K x x x
Torus =

>
Torus Nr.6 - linear v O@_é k x x x
Torus Nr.8 quadratic v Q00 k OO x x
Torus Nr.12 cubic v m k x x x
Torus Nr.15 quadratic v OQOQ R x x x
Plate )
Plate Nr.18 quadratic v OO0 K x x x
Plate Nr.19 cubic v m k x x x
Plate Nr.20 quadratic v O@O k x x ES
Shell ﬁ
Shell Nr.21 3 D quadratic v OO0 k x x x
Shell Nr. 22 3 D quadratic v OO0 k x x x
Shell Nr. 23 2 D quadratic v m k x x x
Shell Nr. 24 2 D quadratic v QQ Q k x x x
Truss and beam structures Eﬂ ﬁ *
TrussNr.4 exact v OO0V OD x x
TrussNr.9 exact v M x x x
Beam Nr.2 exact v OOOD x x x
Beam Nr.13 exact v M x x E3
Cam Nr.5 exact v m x x x
Beam Nr.25 exact v OO0 @ x x X
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4.4 Postprocessor

After the calculation has run, the results can be displayed in the Z88Aurora® postprocessor

by clicking the button ﬁg )

2 788Aurora Version 5 - ] X
File View Pre-processor Solver Post-processor Tools Help

O M Kbnearmechanical |= || D contectocine i & | = 8 B &1 % a

eeenr PR Lo LELKSD

SFZH EFV OVHO FF RR FF

TaEsmeen Flales %W M A

©) 30 view |

+0.00E+000 ~ +1.26E-002 chotcelefinement
+1.26E-002 ~ +2.52E-002 i ‘ nerement
+2.52E-002 ~ +3.78E-002
+3.78E-002 ~ +5.04E-002
+5.04E-002 ~ +4.30E-002
. +6.30E-002 ~ +7.56E-002
+7.56E-002 ~ +8.82E-002

Load cases for
natural frequency

View

O Undeflected [) Shaded [ Coordinate system

+8.82E-002 ~ +1.01E-001 m—

L= 2 Picture
+1-01E-001 ~ +1-13E-001 Select view options Legend
+1.13E-001 ~ +1.26E-001
+1.26E-001 ~ +1.39E-001 B

55.0

TOTAL DISPLACEMENTS

[ TR
Max. scaling factor:  [109
£ Filter ‘ J Apply |

—, ,—m—m—
Results
‘ B

show results =} | Displacements Y J

Displacements Z

Stresses at corner nodes
Stresses per element
Stresses at Gauss points
Nodal forces X

[Ip—" L=l

‘| Z88Aurora started. I i an_Import

Figure 78: Z88Aurora® Postprocessor

On the right side of the screen a context menu appears. Here it is possible to have the com-
ponent displayed in the results window in various ways: deflected, undeflected or both at
the same time. Additionally, the user can choose between different view options: shading,
hide/show mesh, legend or coordinate system triad.

A new feature of Z88Aurora® V5 is the OnClick-image export. The user can take a picture of
the current viewport by pressing the button @rave | The image is automatically exported
to the current project folder. Z88Aurora® uses the default image setting (width, height, file
format) as specified in the file z88enviro.dyn (for further information see Z88Aurora® Theory

Manual).
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Below there is the results menu: the displacements (component-by-component and as val-

ue) as well as the stresses (at the corner nodes, averaged by elements and at the Gauss

points) can be shown, the Gauss point display, however, is only shown in an undeflected

condition.

Stress view

/

Without scaling

\

With scaling

-@1E+000
-21E+001
.89E+002
. 79E+002
- 692E+002
-SPE+002
-49E+002
-32E+002
-29E+002

-12E+002

+9.10E+002

~

~

~

~

STRESSES AT

+9.
+1.
+2.
+3.
+4.
+5.
+6.
+7.
+8.
+9.
+1.

CORNER NODES

21E+001
82E+D02
79E+002
69E+002
S5PE+002
42E+002
32E+002
29E+002
19E+002
10E+002

OBE+0B3

Minimum value

Figure 79: Color scale

File View Pre-processor Solver

[ [ # | & Linear mechanical # Output data

— lef Export data
Ve @R 03P 8@ epor srisfie (deflected structure)

[100

-Maximum value

[200

| @QK I x Abbrechen |

Tools  Help

Figure 80: Menu bar Post-processor

Under "Postprocessor = Output data” you can access the single output files of the calcula-

tion, in order to get the exact numerical values (for further information see Z88Aurora® The-

ory Manual):
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¥+ Output data

iLinear:)Non-linear | Free vibriation | Thermal

[] z8800.txt
[] z8801.tx¢t
[] z8802.bx¢t
I' [] z8803.tx¢t

[] z8804.bx¢t

.
¥ Output data

-
$5 Output data

|

[] z88nlo2.bxt
[] z88nlo3.bxt

Linear (Non-linear:[)Free vibriation | Thermal

.
¥+ Output data

]
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Linear I Non-linear Linear I Non-linear | Free vibriatio_Thermal ]}
[J z8802.t¢t [J zssto0.txt [J zssto6.txt

[ zssto1.txt [ zssto7.6xt

[0 zssto2.txt

[ zssto3.txt

[J zssto4.txt

Figure 81: Output files
Z8800.TXT — prepared input data

Z8801.TXT — prepared boundary conditions

Z8802.TXT — calculated displacements

Z8803.TXT — calculated stresses

Z8804.TXT — calculated nodal forces

Z88TOO0.TXT — calculated temperature

Z88TO1.TXT — calculated heat flow

Z88TO2.TXT — calculated thermal expansion

Z88TO3.TXT — calculated thermal forces

Z88TO4.TXT — calculated displacements

Z88TO6.TXT — calculated nodal forces (thermo-mechanic)
Z88TO7.TXT — calculated stress (thermo-mechanic)
Z88NLO2.TXT - calculated displacements, nonlinear calculation with Z88NL

Z88NLO3.TXT — calculated Cauchy-stress, nonlinear calculation with Z88NL
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In addition to the results data in a text file *.txt, where all nodes-, element- or Gauss point-
information are stored, since version Z88Aurora® V2b it is possible by user-defined node- or
element-sets (“Pre-processor = Picking”) to write out the results of a specific component
range. Therefore you have to choose “Export data” in the menu bar post-processor (figure
68). Afterwards a new menu pops up, where on the right hand all sets are listed. These in-
clude the sets that were created automatically and the sets that have been created individu-

ally.

£ Export data L&J

| Name |Type ‘

Fixed Nodes

Material Elements

Settings ‘ Egave ngose ‘

Figure 82: Export of results

If you choose one set, for example the node-set “Fixed” on the right hand, on the left hand
the minimal/maximum displacements, the minimal/maximum/average stress and the mini-
mal/maximal/average/sum of the forces will be shown.

In case of a contact analysis, the node sets containing the master and slave nodes respec-
tively will also be shown here. This enables the user to review the nodes found during the

contact search and therefore considered during the contact analysis.

83



!‘{J{Aurora@’

User Manual
% Export data @
Quantity: 745 Name |Type
Displacements (min): 0.000000E+000
Displacements (max): 0.000000E+000 Fixed  Nodes

Stress (min): 0.000000E+000
Stress (max): 4.563000E+001
Stress (avg): 2.585640E+000
Force (min): 0.000000E+000

Force (max): 1.876476E+002
Force (avg): 1.911431E+001

Force (sum): 1.424016E+004

Material Elements

Settings ‘ Egave | %glose ‘

Figure 83: Results of the node-set “Fixed”

By selecting the button “Settings” (see figure 69) the user can decide individually which kind

of export data of the chosen set should be written in a *.txt-file or a *.csv-file (figure 70).

@, Settings I&
Output data Seperator
[: . Decimal seperator
<] ¥ direction
() Space
Z direction cermial
emikolon
Displacements X O
Displacements Y
L Disp Output
Displacements Z
Total displacements O TXT (Text)
Modal forces X o {(*) C5V (Comma seperated values)
E Save .% Cancel

Figure 84: Individual outpout data

This is done by checking the corresponding output data set on the left side. Furthermore, the
user can set the separator (space or semicolon) and the decimal separator for the output
data (Please note which language setting the data processing software such as MS Excel,
has!).

For the node-set “Fixed” with all selected output data the table looks like figure 73, for ex-

ample:
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A B 5 D E F G H 1 i) K L M
1 name Fixed
2 count 745
3 Kind MNodes
4 |Nr disX disy disZ disMag Fx Fy Fz Fmag stress
35 1001 4.03EH01 2.20E+01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.10EH01 -3.46EH01 -3.96E+H00 6.17E+01 4,25E+H01
6 1002 3.94E+01 2,20E+01 3.98E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.31E+01 -2.43E+01 7.59E+00 A17E+H01 4,56E+01
7 1003 3.77E+01 2.20E+01 6.72E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.45E+01 -1.24E+01 6.32E+00 2.01E+01 4.27E+01
8 1004 3.57e+01 2.20E+01 8.49e+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.90E+01 -8.27EHDOD 2.64E+00 2.09e+01 3.57E+01
9 1005 3.23E+01 2,20E+01 9.94E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.32E+01 -4.37E+H00 2.81E+00 1.A2E+01 2.65E+01
10 1006 2.87E+01 2.20E+01 1.01E+01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.79E+00 -1.33E+00 3.95E+00 7.97E+00 1.82E+01
11 1007 2.50E+01 2.20E+01 8.90E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 8.41E-01 -7.92E-01 2. 77E+00 3.00E+00 1.27E+01
12 1008 2.27E+01 2.20E+01 7.17E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.54E-01 -4.30E-02 1.65E+00 1.71E+00 9.12E+00

Figure 85: Example of a Postinfo file

The file itself will be saved automatically in the project file directory, it is called

Postinfo_Fixed.csv (the name is a combination of PostIinfo and the set-name).

It can be seen that the type of the output file Fixed is Nodes with a number (count) of 745

nodes. The following table 4 shows the shortcuts of the output data file.

Table 4: shortcuts of the Postinfo file

Nr number

X x-coordinate

Y y- coordinate

yA z- coordinate

disX displacement in x-direction
disY displacement in y-direction
diszZ displacement in z-direction
disMag total displacements

Fx forces in x-direction

Fy forces in y-direction

Fz forces in z-direction

Fmag total forces

stress stresses

It is also possible the currently displayed deformed structure to save as an STL file. This is

available for all element types except the structural elements (type 2,4,5,9,13 and 25).
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5. TOOLS

51& Analysis

For exact analysis of an FE-mesh or an imported model you can get information about
nodes, elements and surfaces via “Analysis”. You select in the respective picking menu the
object and go to “Tools”>”Analysis”. With “measuring” you can view the special orientation

of two nodes.

Via select object,
Informations are displayed

(@. Analysis / \ %

\d
Node inforéation I Element information | Surface i#ormation Messen
Type
(® Distance O Diameter
O Volume O Area

Please choose two nodes!

‘5. Ausfiihren nghlieBen |

Figure 86: Tool for analysis

5.2 &”Edit STL

Switched surfaces in STL-import files, that cause a meshing abort, can be repaired via the
tool “edit STL”. To do this select “Edit STL” in the “Tools” menu.
= the switched surfaces are displayed in red

=click on one (!) green element
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= )

v Repair STL file?

@]_a .L\l_ein

= confirm with “Yes”

Solver Post-processor WELIEN Help
hanical ¥ | e ﬂ § Structural information
4 e & Analysis
v & s @ & Edit STL

———————— W Trim part
L q
A FTYE Y9 omms

Figure 87: Edit STL
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5.3 ¥ Options

Changes in the user interface can be done in the menu “Options”. Here you can select the

language, the data folders, the memory settings and the view options.

- e

lemory I Paths I View |

S Options

-Language

English v |

Maschine parameters

|
' MAmbe fone |2 \

[ Structure

Number of nodes (MAXK)  [450000
Number of elements (MAXE) |1300000

1920 x 1200

1920 x 1080
1600 x 1200
1440 x 900
1360 x 768
1280 x 1024
024 8
800 x 600
640 x 480

7 S
? Options ‘ &
i .
General I Memory _P__h§| Vlewl
Additional programs
Media player & wmplayer.exe = |
Browser & iexplore.exe = |
Acrobat reader &2 iexplore.exe (=) |
' Options l ﬂ
neral | Memory | Paths
Mouse configuration
Zoom
sl 1so,ol Fast
ow | a
Rotate
sl 1 Fast
ow [ _, 2
Translate
Slow L Fast
[ [
Resolution
1024 x 768 v

| Advanced settings
[ Enable culling
Start with SPIDER-Help

Figure 88: Options

A The global settings for CPU and memory selected here are independent from the local

settings in the solver options menu.

& The changes only take effect after rebooting Z88Aurora®!

Media Player

Selecting the media player with which you can play the instruction videos.

e.g. VLC Media Player; Default path: ,,C:\Program Files\VideoLAN\VLC\vic.exe “
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Browser
Selecting the browser with which you can view the homepage and the user forum directly
from Z88Aurora®

e.g. Mozilla Firefox; Default path: ,C:\Program Files\Mozilla Firefox\firefox.exe”

PDF-Reader

Selecting the PDF reader with which you can open the Z88 user manual and theory manual
e.g. Adobe Acrobat Reader; Default path:

»C:\Program Files\Adobe\Reader 11.0\Reader\AcroRd32.exe”

The dialogue and the information windows are closed with “OK”.

(& S

The changend values and settings will
be applied after restarting Z88 Aurora!

Afterwards you can restart Z88Aurora®.
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6. FA GRS F HELP AND SUPPORT

& Help
Z88Aurora® offers you several different help functions, which can be used separately. Fol-
lowing is an overview of the separate help components.

The icon in the icon menu bar opens the popup menu for the selection of the single help

modules.

.
[#) Hilfeoptionen

| g Video manual xl

@ User manual I

® Theory manual |

#1 Element library |

A Cancel |

Figure 89: Help options

B Video manual

To make learning easier, video sequences dealing with some special topics are available. The

videos are accessed via the menu "Video manual".

File View Pre-processor Solver Post-processor Tools

O £ M | & Linear mechanical " [+] Contact acti zzleER'HE“JI | | e &1
Eﬁ@?@ DL ki @ vser manual
SIS BTV OV H O @ gD Theoymanl

oy e - Support »
FeaReppeon | Fl 4

#1 Library of elements

) 3D view Examples
% About Z88Aurora
& Integrated Software
Figure 90: Video manual in Z88Aurora®
These are:
e Picking
e Views

e Node information
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@ User Manual

In the User Manual all functions available in Z88Aurora® are explained.

& Theory Manual

The Theory Manual addresses the issue of the computation bases of Z88Aurora®. For experi-
enced Z880S users the differences between Z88 V15 OS and Z88Aurora® are presented. Fur-
thermore, all input and output files as well as the element types are illustrated in detail. The

modules which are accessed from the user interface are explained here.

il Element Library

A short description of the element types integrated in Z88Aurora®.

A Examples

By means of different examples the basic functions are explained.

e Plane elements: Example: fork wrench L,

As an example, a DXF-file from AutoCAD was chosen—a fork wrench as plane stress element.
By means of this component the export procedure of the structure from the CAD program as
well as the import of DXF-files into Z88Aurora® is demonstrated. Furthermore, the creation
and finer meshing of super structures is illustrated, as well as the execution and evaluation

of a linear strength analysis.

e Volume elements: Example: engine piston '

As already described in previous chapters, you can import data from 2D- and 3D-CAD- and
FE-systems in Z88Aurora®. The example cited here is an engine piston; it was designed in
PTC Pro/MECHANICA and saved as a NASTRAN file. By means of this component, the import
of the NASTRAN format and the calculation of tetrahedron meshes in Z88Aurora® are

demonstrated.
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e Shell elements: Example: square pipe e
To display thin walled structures, such as bent sheet metal parts or profiles, shell models can
be used. The component employed here is a square profile, which was designed as a shell
model with an external FE program and saved as NASTRAN file together with the boundary
conditions. By means of this component the import and the calculation of shell models in

Z88Aurora® are demonstrated.

e Truss elements: Example: crane girder

A simple example with 20 nodes and 54 trusses forming a spatial framework. These struc-
tures can easily be entered manually, CAD programs won't help much. Just try it for yourself.
©
e Volume element: Example: Two-stroke engine piston' *
A piston for a two-stroke engine should be calculated. The load is the combustion pressure
of 42.5 bar, the gudgeon pin is defined as bearing. The piston was designed in the 3D CAD
program Pro/ENGINEER and meshed — selecting linear tetrahedrons - with Pro/MECHANICA.
Then the structure and the mesh were exported as NASTRAN file. The piston contains 3211
nodes, thus 9633 degrees of freedom and 12489 elements (tetrahedron type 17 with 4

nodes).
-
e Tetrahedron elements: Example: motorcycle crankshaft oy

Applying a piston load of -5,000 N a single cylinder motorcycle crankshaft is to be calculated.

In this case the constraints have to be considered in a special way, which is kind of tricky.

e Plane stress element: Example: gearwheel /

A gearwheel, whose center is pressed on a shaft, is examined. The interference fit assem-
bly's groove pressure is 100 N/mm?. Crucial point is the deformation transmitted by the cen-

ter's expansion to the gear teeth (which are left out for model simplification).

92



iza{ Aurora®

User Manual

e Plate element: Example: circular plate

This sample is intended as an introduction for plate calculation. Z88 contains plate elements
(Reissner-Mindlin approach) with 6-node Serendipity elements (type 18), 8-node Serendipity
elements (type 20) and 16-node Lagrange elements (type 19). Nevertheless the plate is a 2D
element. With plates thus being 2D elements the calculation requires some skills to map this

paradox in FE software.

e Hexahedron elements: Example: plate segment

A three-dimensional plate segment with curvilinear hexahedrons is calculated. Though
seeming simple, this example can barely be solved analytically. It's a valuable sample for

experiments with the mapped masher.

e Creating a structure and element parameters Example: gear shaft
In Z88Aurora® an editor for creating beam and truss elements is included. The required
nodes for creating the structure can be entered by using coordinates; the coincidence is cre-

ated via the graphic user interface. This is explained using an example of a gear shaft.

”/;

e Shell thickener/Clipping Example: submarine h
A submarine, which was constructed in Pro/ENGINEER as shell structure is imported with the
NASTRAN interface and thickened to create a volume shell in Z88Aurora®. The displace-
ments and stresses in the submarine’s hull should be calculated in the case of a dive depth

of 50 m. The submarine is supposed to float in the water, thus it is fixed in Z88Aurora® via a

virtual fixed-point.
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s
(o’
~?
e ABAQUS-import/line load Example: 3D gear M
In this example a gear, which was imported as ABAQUS INP file, is calculated. This is done
with a static load, so it cannot replace a strain calculation according to DIN 3990. The gear in
this example is an involute spur gear without any deviations in the tooth flank. The gear

body is constructed out of ribs to save weight.

e Natural frequency Example: Drum \k—i—)”
A popular example natural frequency analysis is the oscillating drumhead, because it can be
calculated analytically as well. This is an example for pure natural frequency, because the
drumhead achieves steady-state (final tone) only after one stroke because of the equilibrium
between mass inertia and reset force. The fixing of the drumhead at the frame allows only
certain modal form vectors, which can be described with mathematical methods. These

form vectors should be simulated in FEA as well.

i
/

e Thermo mechanics Example: Spoon L‘H
As example for heat flow and temperature analysis a spoon, which is hold with one hand and
used for eating soup, should be simulated. The spoon was constructed in Pro/ENGINEER and
imported as .stl-file into Z88Aurora® and was then meshed. At the handle the temperature is
defined by the temperature of the hand, the heat flow through the handle is caused by the

heat of the soup.

e Thermo mechanics Example: Ripping I

In this example, the influence of ripping on the heat transfer is analysed. The focus lies on
the convective heat transfer from the solid body to the surrounding. The numerical results

are compared to the analytical solution.
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V.
)

)

e Geometric nonlinearity Example: Hinge
In this example a hinge to lock a cylindrical truss in position is examined. The clamping force

is very high, so there are great deformations.

e Material non-linearity Example: Ball coupling
In this example, a heavy loaded ball coupling is considered. These couplings are used in agri-
cultural engineering. In the notches, plastic deformations occur, so that taking plasticity into

account leads to significantly improved stress results.

e Material non-linearity Example: Tensile test
This example deals with the simulation of a tensile test with the different material mod-
els which can be chosen. The models are compared to each other in order to explain the

differences.

e Contact analysis Example: Compression bar
This example deals with a linear elastic contact simulation of a compression bar. The

chosen example can easily be verified using analytic calculations.

e Contact analysis Example: Rack

This example visualizes the principle of frictionless contact between gear and rack.
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* SPIDER support

To achieve clearly arranged settings and functionalities for the user, the proceeding of FEA is
displayed within the SPIDER work flow tool. Help can be accessed via the F1 key. You can
choose between two different types of user support: the work flow scheme or additional

videos, explanations or decision propositions.

TIEET | o T )
R N T T e 2 SPIDER
Name 11 Rame 2
b @ Structure -
b & pre-processor = v i Pre-processor W
8 Solver & Workflow changes i Meish o
% Post-processor | ? x 5 @ Element parameters j==
continuously with progress
<] material 1
A constraints W
B8 solver )E
&% Post-processor "
) PDF g Video . PDF | g% Video
td psm 2 Workflow | Id osm | A Workflow
) Informationen | € schlieRen I ) Informationen | 3¢ schlieBen l

SIﬁTPIA -

Import Mesh creation Definition of Boundary Processing / Post-
material conditions solver processing
Ok Ok Ok Ok Ok
CAD - data mesher Data base Solv§r results
selection

problems problems problems problems problems

Consideration of user knowledge and FE-Background

DIN/ASTM- Best practices n— = |
[ﬁ Norm é}l ICROS DfX-criteria - Knowledge base

VDI-RL

Figure 91: Work flow support SPIDER in Z88Aurora®

The SPIDER help is not available for the contact module.
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% About Z88Aurora®

2 788Aurora Version 5 Info

~ /A dvanced
V U ser
IntelR face
£fO=x
Reliable
| FEB

A FREE Finite Elements Analysis Program with Pre-and Postprozessing
in ANSI C and GTK+
for the M5 Windows & MAC 05 X.

Composed and copyright by
Professor Dr.-Ing. Frank Rieg,
University of Bayreuth, Germany

FE-Solver: ZBBR V15.0
Pre- and Postprocessing: Z88Aurora Version 5

Developed by:

Frofessor Dr.-Ing. Frank Rieg,

Dr.-Ing. Bettina Alber-Laukant,

Dipl.-Wirtsch.-Ing. Reinhard Hackenschmidt,
Dipl.-Ing. Daniel Billenstein, Maximilian Braun, M.Sc.,
Kevin Deese, M.Sc., Christian Dinkel, M.Sc.,

Pascal Diwisch, M.Sc., Dr.-Ing. Michael Frisch,

e Clommmels Bl Cn Clheiebine T laels R O

Jul 16 2018 09:35:36

Figure 92: Information about Z88Aurora®

@@ I Support

ﬁ Homepage

See http://z88.de for further information!

D=4 Email

If you need support: z88aurora@uni-bayreuth.de!

';] Forum

On http://forum.z88.de you can find a forum where you can discuss Z88 topics and issues

with the developers and other users.
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Social Media

https://twitter.com/Z88Aurora

https://www.facebook.com/Z88Aurora/

Find Us On

facebook

For Development news on Z88Aurora®

All duplication rights remain with the Chair for Engineering Design and CAD; author: Dr. B.
Alber-Laukant
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