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V. Glossary

Term Description

Application ESABASE application such as e.g. the "Debris" or the
"Sunlight" app lication.

Eclipse Eclipse is an open source community whose projects are
focused on providing an extensible development pla  t-
form and application frameworks for building software.

For detailed inform ation refer to http ://www.eclipse.org/ .

ESABASE Unix-based analysis software for various space applic a-
tions. For details refer to the ESABASE User Manual/6/.

ESABASE?2 New ESABASE version running o n PCGbased Windows
platforms (to be distinguished from the "old" Unix -based
ESABASE).

Geometric(al) (anal ysis) Analysis of a full geometric model.

Georelay Object pointing keyword: tracking of a GEO satellite.

Non-geometric(al) (anal y- | Analysis of a plate ; faster than analysing a full geometr -

sis) cal model.

STEP Acronym which stands for the Standard for the Exchange
of Product model data /8/.

VI. List of Abbreviations

Abbrevi ation Description

GUI Graphical User Interface

JVM Java Virtual Machine

NASA National Astronautics and Space A dministration

OCAF Open CASCADE Application Framework (co ntains the ESABASE?2 data

model)

RTP Randomly Tumbling Plate
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1 Introduction

Before you dive into the ESABASE?2 analysis work, this short introduction will provide
you with a birds -eye-view understanding , with the help of the following items:

9 The Big Picture: Where does ESABASE?2 stand?
1 Chapter overview : So you find your way through the chapters more quickly.

1 Problem Reporting : What to do if you encounter troubles

1.1 The Big Picture

ESABASEZ2is a software application (and framewor k) for space environment analyses,

which play a vital role in  spacecraft mission plann ing. Currently (2009), it encompasses
Debris/mete oroid /2/, Atmosphere/ionosphere /3/, Contamination/outgassing /4/ and
Sunlight /5/ analyses; with this, it complements other aspects of mission pla nning like
thermal or power generator design.

The application grew from ESABASE?2 /Debris, an application for space debris and micro -
meteoroid impact and damage analy sis, which in turn is based on the original

ESABASE/Debrissoftware /6/ develop ed by different companies under ESA contract .
ESABASE2adds a modern graphical user interface enabling the user to intera  ctively
establish and manipulate three -dimensional spacecraft models and to display the s e-
lected orbit. Analysis results can be displayed by means of the colour -coded surfaces of
the 3D spacecraft model, and by means of various di agrams.

The development of ESABASE2 was undertaken by etamax space GmbH under the
European Space Agency contract No. 16852/02/NL/JA. The first goal was to port
ESABASE/Debrisand its framework/user inte rface to the PC platform (Microsoft Wi n-
dows) and to create a modern user interface.

From the start, the software architecture  has been expressively designed to accomm o-
date fur ther applications: the solvers outlined in the first paragraph  were added, and
more modules like e.g. Radiation are to follow.

ESABASE? is written in Fortran 77, ANSI C++ and Java 6. The GUI is built on top of the
Eclipse rich client platform, with 3D visualisation and STEP import realised by Open
CASCADE. Report and graphs are based on the JFreeReport/JFree Chart libra ries.
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This software user manual is intended to be read by persons running the program and
interpreting or usi ng the results of ESABASE2. It contains the follo wing chapters:

1.2 Chapter Overview

9 Chapter 1, /ntroduction : You are reading it right now.

91 Chapter 2, Getting Started : How to install, start and use the software, without
going into particular solvers (debris, atmosphere, ionosph  ere).

1 Chapter 3, Mission and Spacecraft Definition : How to specify the basics: mission
parameters and spacecraft geometry. C an be re -used with all solvers.

1 Chapter 4, Solvers. Pointers to the solver handbooks, e.g. Debris or Sunlight.

1 Chapter 5, Troubleshooting : What to do in case of errors.

Each solver (e.g. Debris /2/, Atmosphere/lonosphere /3/, Sunlight /5/) has its own han d-
book; this manual e xplains only the functionality common to all.

This user manual refers to ESABASE2 version 2.0.0 Other version s of ESABASE2 (and of
course the original Unix implementation of ESABASE are not co vered.

1.3 Problem Reporting

ESABASE?2 has been extensively tested. However, errors might occur at different layers
of the software (GUI, business layer, data handling ). Aside from the GUI messages, the
log files in the ESABASEZ2og s directory may yield further information

If a proble m cannot be solved, you should contact the ESABASE?2 team at etamax space
to investigate the issue in detail. Please do not hesitate to visit http://www.esabase2.n et

for co ntact information. You will also findapro bg  h m> kj modi b aj mh di

of the ESABASE?2 website.
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2 Getting Started with ESABASE?2

This chapter describes how you can install and run ESABASE?2 in a basic way. If you have
already created a spacecraft geometry and a mission and/or made an analysis, you can
safely skip this cha pter. It is divided into the following subsections:

1 /Installation and Start : How to install ESABASE?2 and start it; you should end with
the application on your screen.

1 Basic GUI Usage Explanation of the ESABASEZ2graphical user inter face concept;
how to perform tasks that are common to all ESABASEXolvers.

2.1 Installation and Start

In this section, you will learn how to install and start ESABASE?2:

1 Hardware Requirements: Just to make sure your PC is suffi ciently powerful. Esp e-
cially large geometries and many orbital points can be quite taxing.

1 /nstallation : How to install the ESABASE?2 software on your harddisk.

1 Operating System Adaptations : For older operating systems (e.g. Wind ows 2000),
some adaptations are necessary in order to run ESABASE?2.

1 Upgrade: Notes for users upgrading from a previous version of ESABASE?2.

1 Starting ESABASEZ The different ways to start the application, and details about
where your files are on the harddi  sk.

2.1.1 Hardware Requirements

Before installing ESABASEZ2, youshould make sure that the system requirements listed
in Table 2.1 are met. Otherwise, large geometries or analysis runs with a  large number
of orbital points could take very long or fail due to insufficient memory.

Minimum

Recommended

Operating System

Windows 2000

Windows XP, Vista

RAM

1 GByte

4 GBytes

Free Disk Space

1 GByte

2 GBytes

CPU (Clock frequency)

2 GHz single core

2 GHz dual core

Graphics Card

Nvidia Geforce 6200
or ATl Radeon 7000

Nvidia Geforce 9800
or ATl Radeon X1600
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To install ESABASE2 unzip the ESABASE2 2.0.0_ fin al zip archive from the install ation
DVD to a location of your choice . We recommend deactivating anti -virus software as its
file scanning activities can considerably slow down the  unpacking process.

2.1.2 Installation

If you open a Windows Explorer and navigate to the ESABAE?2 application directory,
the layout shown in the following figure will be presented to you:

=03 ESABASEZ_2.0.0_2009-10-21
{2 components
{5 configuration
10 logs
I plugins
1) release_dls
=) sokver
S0 AToMOE
[ data
(=) oukput
=-[C5) DEERIS
{5 Masterz001
() Masker2005
) MEMR1c
(5 Crdemzonn
() streams
I kemp
I woarkspace

Figure 2-1: ESABASE?2 directory tree

In the logs folder, you can find the application log files (hamed with ap plication start
date), useful for troubl eshooting. If you report a problem to the etamax team, please
attach the pertinent log file.

In case you are an original ESABASE expert, the contents of the Solver directory could
be of interest to you. Here, expert users can manipulate population data and datat a-
bles. Do so at your own risk, and always keep a backup.

Please do not touch the components , configuration , plugins , and release_ dils fol ders.
Only look into the temp directory for curiosity; do not change any thing there.

Once you run the application, a workspace folder will be added. All of your files are
saved here.
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2.1.3 Operating System Adaptations

The operating system for ESABASE?2 isWindows 2000 SP4, XP SP3 or Vista SP1With the
older OS versions, the followi ng components may not be present and must then be in-
stalled man ually:

1 Windows installer (version "KB884016 -v2-x86")

1 DLLs for generic Windows functions (version "x86_2009_sp2").

To install the missing components, locate the components \install - supplements — directory
below the ESABASE?2 base directory, as shown in the figure below  (this is an exception

0] oc  D_j i 'tooporenjs pditectoryd ftom the previous subsection)
X Marme
=) ESABASEZ_2.0.0_2008-10-21 |4 | Slveredist xé6_2009_sp2.exe
=-C3) comporents FlwindowsInstaller-KE&E401 6-v2-x56. 8xe
o] iristall-supplements Z] README. kxt

5 Java
[ Opencascade
|53 configuration
[ logs
() plugins
) release_dils
53 Solver
[ temp
|50 workspace

Figure 2-2: ESABASE?2 directory tree: install supplements

Doubleclick windowsinstaller - KB884016-v2-x86.exe and follow the instru ctions. Then
repeat the same procedure for vcredist x86_2009_sp2.exe . Your system is now equipped
with the newest version of central DLLs used by ESABASE?2.
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If you are a first -time user of ESABASE2, you can safely skip this chapter. If you are u p-
grading, the following hints may be useful for you.

2.1.4 Upgrade

The new installation is in a separate directory from your old installation. It is possible to
have several versions on harddisks; the development team is doing it all the time.

To keep your workspace from a previous version (e.g. ESABASE?2 1.4.2), delete the work-
space directory from the new application directory , and move your original workspace
directory here.

Then start the new application; y our workspace should be immediately visible . This is all
you need to do to the workspace replacement.

Please note that with ESABASE?2 version 2.0.0, a new file storing format has been intr  o-
duced. Files from earlier versions are readable (they are converted automatically to the
new version), but it is not possible the other way round.

For example, a geometry file created or modified with ESABASE2 version 2.0.0 will not
be readable by ESABASE?2 version 1.4.2.

The change was caused by an upgr ade from OpenCascade 6.1 to 6.3, which fixed some
bugs in this external component.
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2.1.5 Starting ESABASE2

To launch the ESABASE2 application , double -click the file esabase2.exe in the applic a-
tion directory.

A splash screen will appear to accompany the loading process, after which  the main GUI
will become visible on screen, as illustrated by the fo  Ilowing screenshot.

(2 ESABASEZ
File Edit Window - Help

O~ =@ o- Reset perspective Q- *o
{E) ESABASEZ Explarer 54 o 5 7 7 O B mosat o =0
-1 atomor_test
e L T A0 E 09 2L (v O oo H AR

- [=F debris_testing
=-1=F import_testing
#(= be_01_atv
#- (= bo_0Z_brem
#-[= be_03_hubble
=l(= te_04_rosat
[#] rosar
B8 rosat

B [=F stress_testing

£2 outline 12
= [ GeomMadel -
(] Configuration
=T System
() STATE_1
=T RosAT
-5 STATE_L
1 1rfo
- T\ TransitionAdapter
=R CentralEody
#4 STATE_L

Geometry

Z1 Info = Properties £2 ~ =08

& j\éompar:men::(z‘f’) Property Value

+ R
. 1XRTF°mfar ertE(-V) Objert I 5

ron Dbject title CentralBody

- T} WRC
=-T Solarfrray
- T StarTracker

- i [(E3 .

Figure 2-3: ESABASE?2 user interface

You will notice that the GUI consists of mul tiple sub -windows ( called "views"). In the
figure above, the left column  consists of an "ESABASEZ2Explorer" and an "Out line"; to
the right , most of the place is taken by a spacecraft geometry edi tor; and at the bo t-
tom, you can see a "Properties" view.

The next section will explain the usage of the GUI.
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After reading this chapter, you will be able to navigate the GUI and make sense of the
ESABASE?2 workflow, in the following steps:

2.2 Basic GUI Usage

1 GUI Overview: Explains the contents of each view within the ap  plication, and its
purposes.

1 GUI Adaptation : How to customise the view arrangement to suit your inform a-
tional needs.

1 Project organisation : How to create and organise projects and geometry, mission
and solver files.

2.2.1 GUI Overview

This subsection will give y ou an overview of the main GUI parts, enumerated from 1 to
6 in the following figure.

& ESABASE2
File Edit Window Help

E-HE Q- Reset perspective Q- L= .

(B} ESABASEZ Explorer 57 o B Y 7O | rosar 2 =g

#-[=F atomox_testing oo
1= debris_testing
== impart_testing
A be 01 aty
#-[= be_0Z_brem
#-= tc_03_hubble
=hl= bc_04_rosat
[2] rosar
B rosat

#-1=F stress_testing

8 06 0§ 22 AL ge H A d

£2 outline £
5 1 GeomModel
(2] Configuration
=T System
-4 STATE_1
=T RosaT
{0 STATE_L
[ 1rfo
=T TransitionAdapker
=- T [
#-L0 STATE_L
L inéo E Properties &2 —
=T CompartmentA{+Y)
=T CompartmentB(-y)

Value
Object I
T\ =RTFront !
T wre

5
Object title . CentralBody
) SolarArray

j StarTracker wllic »

Geometry

Property

Figure 2-4:  User interface overview

There is a menu bar (1), a toolbar (2), an editor (3) and then a number of supporting
views (4) to (6).
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They serve the following purposes:

1 The menu bar gives full (but complex) access to all major operations concerning
projects and files.

1 The tool bar gives easy (but incomplete) access to the most frequently used fun  c-
tionalities.

9 The editor area contains an editor for a file (here, a geometry editor on a ROSAT
spacecraft geometry). Each file has its own editor.

1 The workspace explorer shows your projects and the folders and  the files within
it.

1 Each file is modelled as a tree structure ( think "directories" and "files" like in
your file system). The Ou tline shows the "directory" nodes.

1 Complementary, the Properties view shows the "file" nodes.

The menu bar contains "File", "Edit", "Help" entries (probably familiar to you from

other applic ations) and a "Wi ndow" menu, which allows youto  customize the GUI both
through Perspective settings and the Preferences. Please see Annex B for d etails, and
the following figure for overview.

{2 ESABASE?
File Edit ‘Window - Help

ﬁ - i]l h Reset perspective ﬁ h =]

Figure 2-5: Menubar and Toolbar

The toolbar contains "New", "Save /[ Save All' and "Run" buttons . The "New" (project,
geometry, mission, etc.) entry is explained in section 2.2.3 "Project Organisation"; the
"Run" entries apply to the dif ferent Solvers (e.g. Debris, Sunlight, Atmosphere) and are
explained in the respective solver handbooks.

If you hopelessly disarrang ed the application window, you can press the "Reset Perspe c-
tive" button as a last resort. It will restore the standard GUI s ettings.

The "Next / Prev Change" and "Back" buttons are shortcuts to menu entries. They will
be removed in future ve rsions of ESABASE?2.

The editor area contains the active editors. Whenever there is more than one editor
open, tabs will show the list, and the active tab belongs to the active editor. Please see
chapter 3 "Mission and Spacecraft” definition, ford  etails.
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Explorer, Outline and Properties view give you information about  the data contents in a
file. This is done in 3 detail levels, as the following figure s show.

(B} ESABASEZ Explorer £2 =0 5= outline 7 =0 E Properties 2 ¥ =0
2 BE T =[] GeomMadel A Property Yalue
1=F atomox_testing (1 configuration Raotation 40,0, 0.0, 0,0F
1= debris_testing =-T System Rotation flags {0, 0,0}
1= import_testing & STATE_L Rotatmnl flags for T n.a.
=t _Dl abv =T RQSAT Translation {-0.7050000334857032
(= te_02_brem £ STATE_L | Vactor 4 .
(= te_03_hubble Cinfo Vertor 5 na.
T4 | Transitionadapker Weckor & n.a.
e tF_D4_rosat =T CentralBody
R = & st
1=F stress_testing ? z:r:;ces
COeE
Z PoINT

] Info
T Camparkmental-+i)

Fa - B

Figure 2-6:  Explorer, Outline, Properties view

The Explorer shows the workspace with projec ts, directories and files; the O utline shows
the tree str ucture of an open file; and the P roperties view shows detailed data entries
of one specific node.

In the above example, a ROSAT geometry is shown (see Explorer). This in turn consists of

a tree with a System and a main body "ROSAT", which has a "CentralBod y" with a

"STATE_1", describing an "Axis" (see Outline). To see exactly how the ax is is specified,
refer to the Pr operties view, which shows e.g. a "Rotation" attribute.
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2.2.2 GUI Adaptation

In this section, you will learn how to customise the views of the ESAB  ASEZ2 application
window. If you are already familiar with GUI handling of multi -window application s,
you can safely skip this chapter.

The first thing to know is how to manipulate the views within the main application
window. For this purpose, each view ha s a tab with i ts name, and additional buttons, as
shown in the following figure.

- X

= ] GeomModel ]
(] Configuration
=-T Syskenn
L STATE L
=T rOSAT

Figure 2-7:  Common View buttons

To the right, t he first button is to minimise the view, the second one is to max imise it.
You can also maximise a view by double clicking its name tab (left) . By double clicking
the tab of an already maximised view, the size is norma lised.

You can also grab the tab and move the view around, and snap it into different pos i-
tions within the main  window. This includes tabbing views, i.e. layering several views on
top of each other.

Lastly, the edges of each view can be grabbed for resizing. Depending on the position
of the view in the main window, only the view or a whole column is resized.

All of your changes are saved automatically in the current perspective ("arrangement of
views"). To reset the perspective to the original settings, choose "Window A Reset Pa-
spective" in the menubar.
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In order to work with ESABASE2, you wil | work with input and output files. Both are
organised in projects. This subsection deals with the following cases:

2.2.3 Project Organisation

1 Creating a project
9 Creating input files (e.g. mission, spacecraft)

1 Moving files around

2.2.3.1 Creating a Project

The first thing to do after start ing ESABASE?2 is to create a new project (which will co n-
tain S/C geometry, orbit and solver parameters). We recommend creating one project

per mission. To do so, click "File A New A Project" in the menubar ; the wizard shown
in the fo Ilowing figure will open

& New Project

Select a wizard —

Wyizards:
kyvpe Filker kexk
== General

[=l-[= Esabasez
=2 ESABASE Praject

Figure 2-8: "New Project" wizard, page 1

On this first page, you can select the type of project; choose "ESABASE?2 Project” (inf  u-
ture versions of ESABASE?2, other kinds of project may be possible). The n, click next. This
will lead to the second wizard page, illustrated in the following figure:
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{2 New ESABASE2 Project

New ESABASE2 Project
Create an empty ESABASES project,

Project name: | El|e=ms s e =

IJse defaulk location

l Firish ” Cancel

Figure 2-9: "New Project" wizard, page 2

Choose a project name in the first text field ; we recommend "<S/C n ame>_project".
Then click the "Finish" button.

When look ing at the ESABASE2 Explorer (top -left in the window), you will see that the
project has been created with three default files, shown in the following figure:

{E2} ESABASEZ Explarer ) =0
@ Bs T~
cubesat_projeck
W debris
E geamekry
¥ mission

Figure 2-10: A new project and its three default files

The "geometry” file contains the S/C geometry, the "mission” file describes the orbit,
and the "debris" solver input file contains parameters for ESABASE2/Debris.

ESABASEZ2 Framework
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When you created a project, 3 default files for S/C geometry, mission specification, and
Debris solver were cr eated. To create additional files, choose "File A New A <Type>"in
the menubar, as illustrated by the following figure:

2.2.3.2 Creating Input Files

{2 ESABASEZ
=0 Edit Window - Help

HEEE RIS (7 Project..,

Cpen File. ..

g Geomekry

¥ Mission

(% Folder

=" atmosphere

=1 lanosphere
Convert Line Delimiters To b 105 other..,

= B

Switch Workspace r
Exit

Figure 2-11: Creating new files within a project

All possible input files are listed here. In the example above, you see "New" options for
projects (see previous subsection), geometry, mission, folder; and solver input files for
At mosphere/lonosphere and Debris.

For each file type, an appropriate wizard will be opened; at the minimum, it will ask

you for the filename and where to save it in the project structure. Import options, if
applicable, will also be presented here; please see the respective chapters for more i n-
formation.

All newly created input files are filled with default values, such that you can immed  i-
ately pe rform a solver run with it. This means that with the 3 default files, you could
initiate a n ESABASR/Debris analysis (see Debris solver handbook).
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2.2.3.3 Moving Files Around

In larger projects, you may wish to organise your input (and output) files into folders.
To do so, rightclick on the project (this will open a context menu, as shown in the fo I-
lowing figure) and cr eate a new folder.

1B} ESABASER Explarer 17 =0 2 New Folder - OR
= =
i Hs Folder —
5 o [—— i
Create a new folder resource.
W de 2 79 Project...
g a5 o Inko
@ i Open in Mew Window g Geometry
& Mission Enter or select the parent Folder:
35| Copy B Folder cubesat_project
=" Atmaosphere
5% outine 57 X Delete =} Ionosphere 1= cubesat_project
Move.., Ny
an outlin is no W Debris
Rename
e ] ' % Other... [=alla N T HiSsion and spacecraft
£4q Import...,
& | Refresh
Close Project
Froperties i Finish i [ Cancel

Figure 2-12: Creating folders within a project, using the context menu

A wizard opens, asking you for a directory name (in the example above, the name "mi S-
sion_and_spacecraft" is ch osen). Enter a file name and ¢ lick "Finish".

To create subfolders, repeat the process on the desired parent folder within the
ESABASE? Kplorer (instead of on the project).

To move a file to a different fold er, close any editor operating o n the file, and then
grab (hold left mouse button) the file, move the mouse cursor to the desired folder, and

drop (release left mouse button) the file . To move a file to the project root dire  ctory,
drop the file on the project name.

Drag and drop also works between the ESABAS E2 Explorer and the Windows Explorer,
e.g. to copy files sent to you by e mail into the ESABASE?2 project .

The specifics of mission and geometry files will be explained in the next section 3; De-
bris and other solver files will b e explained in the solver handbooks.
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3 Mission and Spacecraft Definition

Every analysis within ESABASE2 needs a mission specification and a spacecraft geometry
definition , as well as a solver-specific input file. In this chapter, you will learn how to
specify mission and S/C geometry, in the following steps:

1 Mission: How to specify the S/C orbit and timeframe of the mission.

1 Geometry: How to build a 3D spacecraft geometry in a CAD way, or how to i m-
port one from BAS or STEP files.

1 Kinematics: How to supply th e S/C geometry with the ability to move its parts,
both by rotating and tran  slating subsystems during a mission.

1 Pointing . How to specify pointing on a spacecraft, both on the system and on
subcomponents (e.g. solar panels pointing to the sun). Subsystems need kinema t-
ics to be able to move.

3.1 Mission

All solvers within ESABASE?2 perform their analysis on orbital points, i.e. fixed locations
on a given orbit at a given point of time. To determine these orbital points, the mission
file is used.

In the following , you will specify a mission in the following steps:
1  Mission File: How to create a new mission file.

1 Mission Ediftor: How to specify the orbit, timeframe, and orbital point param e-
ters.

1 Mission Outline and Properties View : How to specify additional parameter s (for
Expert users only).

1 Mission Visualisation : The mission editor contains a preview page, on which you
can see the specified orbit.

1 /mport of INP files . Alternatively, you can import original ESABASE .INP files for
the mission specific ation.

1 Orbit Prop agator : Explains how the orbit propagator works, and its limitations.

We start with the mission editor.
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3.1.1 Mission File

With the creation of a project, a new mission file has been created; however you might
also want to create a new one. To do so, choose "Fi le A New A Mission" in the
menubar. A wizard as shown in the following figure will be opened.

2 New ESABASEZ Mission Object v & New ESABASE2 Mission Object

Choose how to generate file New Mission File

Flease choose if you want to import data or start with an empty geometry. (Choose where to save the new file.

Enter or select the parent Folder:
debris_testingftest_urftc_S5_01

Co -
[ i
= ke 503
= 504
. (= tc_5_06
(%) Create smpty file & te 509
(O Impark  INF* =t 510
= ke 511
=
= tc_5_13
= e 5_14
T=F import_testing
= stress_testing -

Filename:  cubesat_mission|

Figure 3-1: Mission file creation wizard

On the first wizard page, "Create empty file" is selected as defa  ult; just press the
"Next" bu tton. The second page asks you for the location of the new file (in the figure
above, "tc_5_01"), and a file name (above, "cub esat_mission").

Upon pressing "Finish", a new mission file is created. It has the file ending ".missi on",
which is not shown in the ESABASE?2 Explorer, and does not need to be specified in the
wizard.

A mission editor is automatically opened on the newly created file.
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If the mission editor is not already open, go to the ESABASE2 Explorer vi ew and doubl e-
click the mission file (recognisable via the planet -plus-orbit icon) . A mission editor will
be opened, and the Outline and Properties view will be updated.

3.1.2 Mission Editor

The following figure shows the application with an opened mission editor.

2 ESABASE2

1)
File Edit Window - Help
ﬁ T 0 hd Reset perspective 0 hd i=1
(B ESRBATER Explarer 10 = 0| ¥ 50 i =8
=5 7| ot
[=-1= debris_testing [A]
(= ListingFiles L Qrbit Type: | SUN (]
[ test_sr 1 Semi-major Axis: | T180.0 Perigee Alttude: | 799.5897950000002
[ test_ur
- Eccentricity: | 293964 Apogee Alttude: | 604, 1102019993993
S50l i pes
T Inclination: | 98.61080060007158
& 550 Right Ascension:
ket 550 ref [se]
l( ] I} | [)] Argument of periges: | 0.0
EE Qutline 52 = H True Anomaly: | 3.0
=] @ Mission Solar time: | 7.0
3 Gengraphic longitude:

(2] MissionTime
(2] Perturbations
(2] Specifications

Mission Time
Number of Orbits: | 1.0

Start Date:  2005-3 -21 12:0 h-1 [:]

End Date: | 2006-3 - 21 12:0 h -1

E Properties 2 ~ = || Time Interval or Number of Orbital Points

Froperty Value fad
A 71800 1 Time Inkerval between Orbital Points: | 7833,088859671231 apply
Arg, of per, 0.0 " .

Mumber of Orbital Paints | 1.7729708050219994 appl

Excentricity 2,939E-4
Inclination 93.610580060007 155
Lancitode n

=l m e Crbit Data | Visualization

Figure 3-2:  Mission Editor, Outline and Properties view

The mission file is circled in red. Below, you see the "Orbit" node selected in the Ou t-
line, and further below, the "A" (semi  -major axis) and other attributes in the "Prope r-
ties" view . On the right side, the mission editor itself is shown.

The mission editor contains all necessary parameters to specify an orbit andth e number
of orbital points to  be used during an analysis. It has three sections:

1 Orbit
T Mission Time

I Time Inte rval or Number of Orbital Points
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Starting with the "Orbit" section, you can choose between a predefined geostationary
("GEQ"), a predefined sun -synchronous (" SUN') or a custom ("GEN") orbit in the first
combobox of the editor.

In most cases, you will probably want a custom orbit; for that, specify the Keplerian
elements in the text fields below the first combobox.

1 semi-major axis [km]
eccentricity ]0..1]

inclination [deg]

1
1
9 right ascension of the ascending node [deg]
1 argument of perigee [deg]

1

true anomaly [deg]

Semi-major axis (A) and eccentricity (E) can alternatively be defined using apogee  alti-
tude and perigee altitude (textfields to the right) . Whenever you leave ("unfocus") one
of the latter text fields , A and E will be re-calculated auto matically.

Note that for analysis purposes, A and E are always the values that will be evaluated;
apogee and perigee altitudes are only helper input methods.

In the next section ("Mission Time"), you specify  start and end date of the mission , and
the numb er of orbits. Please note that some solvers (e.g. Debris) will always use number
of orbits =1 , ignoring deviant input ; this is hardcoded into the Debris solver and cannot
be changed by ESABASE?2.

The last section, "Time Interval or Number of Orbital Point s", is used to specify how
many orbital points you want. A higher number of orbital points will increase the acc u-
racy of analysis results, but take longer to compute.

Whenever you make changes in one of the text fields, press the "Apply" button next to
it. If time interval and number of orbital points are not in sync, results may vary depen d-
ing on the solver you use.

Please note that the number of orbital points defined in the mission file may differ
from the number of actual orbital points calculated by t  he orbit gener ator during the
analysis This can happen because the mission editor does not consider perturbations
(see 3.1.3) which lead to acceleration or deceleration of the spac  ecratft.
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Expert users of the original ESABASE may edit further properties using Outline and
Properties view. The follo wing figure shows the pertinent points  in the GUI.

3.1.3 Mission Outline and Properties View

5!
& ESABASE2 S OR
File Edit Window - Help

ﬁ M 0 A Reset perspective G A ﬂj
{EJ ESABASES Explarer 7 = 0| @ ss0 =2 =0

=5 7 || orbit
[z 1% debris_testing [A]

(= ListingFiles [=] Orbit Type: | SUN [v]
[ test_sr o Semi-major Axis: | 7180.0 Periges Altitude: | 799,8897950000002
[ test_ur
- Eccentricity: | 2,939E-4 Apogee Alttude: | 804, 1102019999993
EREYE-A) Y pog
W s Inclination: | 98,61080060007158
& 550 Right Ascension:
=2 cube DS 550 ref [v]
[( ] i | )] Argument of periges: | 0.0
EE outline 52 =8 True Anomaly: | 3.0
= [ Mission Selar time: | 7.0
[ Orbit

Gengraphic longitude:
Mission Time

Number of Orbits: | 1.0
Skark Date: |2005-3 - Z21 1z:0 -1

End Date: | 2006-3 -21 12:0 h-1 [:]

| Properties 52 ~ = [O|| Time Interval or Number of Orbital Points

Property alue -~
air drag Time Inkerval between Orbital Poinks: | 7833.085859671231 apply
Moon I i o "
Nurber of Orbital Points | 1.7729708050219994 app
Solar activity 5
Solar radiation 0.0
o @ [v] Nurnber of Orbital Poinks
[(] 1l | [)] Orbit Data | Visualization

Air drag parameter

Figure 3-3:  Mission Editor, with Pertubations  in Outline.

Select the "Pertu rbations" node in the Outline and click on a value in the Properties
view to edit it (if you cannot see an attribute, click "Window A Preferences" in the
menubar and set your "user mode" to "expert").

1 Wibair air drag paramet er
T Wibspr solar radiation pressure parameter
1 Sun flag to include the gravitational pertu  rbations caused by the sun
T Moon flag to include the gravitational pertu  rbations caused by the moon
1 Kzonal number of zonal harmo nics of the earth's gravity field,
1 Ktess number of tesseral harmonics of the earth's gravity field
1 Ncira number of the CIRA (COSPAR International Reference Atmo sphere,
1965) atmospheric density model (O=very low solar activity,
10=extremely high solar a ctivity).
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3.1.4 Mission Visualisation

To visually verify the correctness of the specified orbit, you can click the "Visualisation"
tab at the bottom of the mission editor, as shown in the following figure.

& ESABASE2
File Edit Window - Help
- Q- Reset perspective Q- i=1
(B ESABASES Explarer 10 = O || ¥ 550 i =]
-
S = L T agoogagd & 8L (%00

@ 550 ~
[= cube_ps_s50_ref
g cube_multiveall
g cube_singlewall
= result-2009-05-07 15.04.23
L= te 5 02
L= tc 5 03
B[ tc 5 04 i
< ¥
5% outline 52 =8
= @ Mission
(] Orbit
+ J MissionTirme
(" Perturbations
(™) Specifications

E Properties 2 ¥ =0

Froperty Walue

Orbit Dt | Visualization

Figure 3-4:  Mission Editor, Visualisatio n page

The "Visualisation" tab is circled in red. In the 3D view, you see the orbit as a yellow

circle, with tiny globes at the approximate spots of the orbital points. The equatorial
plane is shown in faint white.

At the top of the editor, you see a too |bar for manipulating the viewing perspective
(scrolling and zooming). The buttons are the same as in the geometry editor, and will
be handled in chapter 3.2.
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3.1.5 Import of INP Files

Users of the original ESABASE can re-use their mission specifications by importing  .INP*
files. Select "File A New A Mission" in the menubar and the wizard shown in the fo I-
lowing figure will appe ar.

2 New ESABASEZ Mission Object ,_, 2 New ESABASEZ Mission Object
Choose how to generate file Select files to import
Please choose if you want ta import data or start with an empty geometry, Please select a file ba import using the browse button,
= =

# and Open Frontier Development)Softwarel Importable Files| IMP-Files\BOXS, INFDEE

() Create empty File
( Impart. IHP*

Figure 3-5: Mission file creation wizard , for INP files

On the first page, "Create empty file" is the default option. Change this to "Import
INP*" and click "Next". Then, on the second page, enter the location of the INP file and
press "Next" again. On the last page, enter file name and location within  the pr oject.

Upon pressing "Finish”, the file will be created and the mission editor for it will be
opened.
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3.1.6 Orbit Propagator

This subsection describes details of how orbital points are calculated from the mission
specification. It is partic ularly intere sting to original ESABASE users. The subsection is
structured as follows:

1 /ntroduction fo SAPRE : Description of the SAPRE orbit propagator.
1 Restrictions of SAPRE Explains limitations of SAPRE.

T /nput Parameters for Sapre : Describes how SAPRE views the input parameters in
the mission editor.

3.1.6.1 Introduction to SAPRE

Many ESABASE applications, and the pointing facility, need to know the position of a
spacecraft on its orbit at successive times during an analysis. For the purpose of genera  t-
ing this information in  a standard form, an orbit generator is provided with ESABASE?2.
The orbit generator currently used is SAPRE.

The SAPRE orbit generator uses a 4" order Runge -Kutta routine with fixed step size to
integrate the equations of motion, expressed in terms of osc  ulating orbital elements. It
is a general purpose orbit generator, and may be used for close earth orbits, geost a-
tionary orbits, or highly eccentric orbits. Facilities exist for taking into account the first

few harmonics of the earth's gravitational field , perturbations due to the sun's and
moon's gravity fields, air drag (using the CIRA atmospheric density model 1965) and
solar radiation pressure.

The input to SAPRE is the orbit specified via the mission editor. The orbital elements are
specified in a sta ndard format, and control parameters and details of perturbing infl u-
ences to be modelled cab be specified in the re spective "Outline" window (see  Figure
3-3). The output is saved for each orbital point in the result file and gives the position
and velocity of the spac ecraft at specified intervals, and also upon eclipse entry and exit.
This information is read by the applications requiring orbital information. SAPRE also
generates an ASCII report file which can be displayed on the r  esult file "Lis tings" page,
but is also available in the "Listin gFiles" directory of the active ESABASE?2 project.

It should be noted that SAPRE is intended for the generation of positions over a fairly
small number of orbits for use in ESABASE analyses. It is not suitable for analysing the
long -term behaviour of the orbit itself. The restri  ctions on the program are discussed in
greater detail in section 3.1.6.2 below.
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3.1.6.2 Restrictions of SAPRE

There are a number of restrictions which should be kept in mind when using the orbit
generator. SAPRE does not correctly handle orbital inclinations approaching zero. For
this reason a minimum inclination of 1E -3 degrees is enforced on in put. If the inclin a-
tion falls below this value at any stage, the program may fail. Thus an orbit exactly in

the equ atorial plane can not be modelled. This is most likely to affect a geostationary
orbit, where the above restriction requires the orbit to osc illate at least 700 m from the
equatorial plane.

The user may include the effects of harmonics of the earth's gravitational potential by
specifying how many zonal and tesseral harmonics to include (see KZONAL and KTESS
below). However sectoral harmonics ar e not i ncluded and may not be modelled. These
terms (with the symmetry of the segments of an orange) are often not important, as
during one complete orbit around the earth the effects average to zero. Thus in ge neral
only small perturbations result with pe  riod no greater than one orbit. But for a geosy  n-
chronous orbit, which stays within a limited range of geographic longitudes, this is not

the case. In fact the first sectoral harmonic (J22 and K22), corresponding to the ellipti c-
ity of the equator, is the ma jor perturbing influence for a geostationary satellite, pr o-
ducing an oscillation about two stable points in the equatorial plane with a period
greater than 780 days. SAPRE entirely neglects this effect. However for runs of no more
than a few days, the resu Its will be a fair approximation.
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3.1.6.3 Input Parameters for SAPRE

The following table provides an overview of the orbital parameters used to spec ify the
orbit of the spacecraft, as seen by the SAPRE orbit propagator.

Parameter |Type |Range Description

hapo real |20 altitude of apogee [km]. Note: altitude of
\'kjb™" 8 \Vkjb™" m\ _dp
radius Re (6378.165 km).

hper real |2 0 altitude of perigee [km]. Note: altitude of
Kk mdb™" 8 k> mdb™ " m\ _
radius Re (6378.165 km).

A real |>6378.165 semi-major axis [km].

E real [02e>1 eccentricity ]0..1 ].

incl real |0.001 ¢ INCL < orbital inclination [deq].

180

raan real |0 ¢ RAAN <360 |right ascension of the ascending node
[deq].

argper real |0 ¢ argper <360 |argument of perigee [deg]

tran o real |0 ¢ trano < 360 true anomaly at the mission start epoch
[deg]

Table 3.1: Orbit input parameters

Please note that the specification of the perigee and apogee altitudes , or alternatively
of the semi -major axis and the eccentricity , can be used. The input of any of the values
results in a re -calculation of the other values. If the resulting orbit is not valid (e.g. due

to a perigee altitude below the Earth's surface), the respective input field will be
marked in red.
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3.2 Geometry

A spacecraft geometry model is prerequisite for a full analysis. This section describes
how you can build a geom etry in a CAD way, using the geometry editor. It is structured
into the following subsections:

1 Geometry File: How to crea te a new geometry.

1 Geometry Viewing : How to navigate around the geometry editor.
1 Geometry Editing : How to add and modify geometrical elements
1

Geometry Outline and Properties View . Describes the tree structure of the ge o-
metrical model as an a Iternative view on the data.

1 STEP and BAS Filelmport : How to import files from other CAD programs and
from the original ESABASE.

We start with the geometry file creation.
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3.2.1 Geometry File

A default geometry file has been created together with the project. If you want to add
further geometry files, choose "File A New A Geometry" from the menubar; a wizard

as shown in the following figure will open.

{2 New ESABASEZ? Geometry Object

Choose how to generate file
Flease choose if you want ko import data or start with an empty geometry.,
(%) Create empty file
() Impott BAS
() Import STER

New Geometry File

{2 New ESABASEZ Geometry Object

Chaoose where to save the new file,

Enker or select the parent Falder;

debris_testing/test_urftc_S5_01

= o

Ly —
= e 503
(= tc_5_n4
= tc 506
(= tc_5_09
(=t 510
= e 511
(=t 512
=t 5_13
=t _5_14
1=F impart_testing
=F stress_testing

Filenamed | cubesat_geometry

1= |
2]
o

Figure 3-6: Geometry file creation wizard

On the first wizard page, ke ep "Create empty file" as option and press "Next". The se  c¢-
ond page asks for the new file's location (above: "tc_ 5 01") and name (above: "cub e-

sat_geometry", without file ending).

Upon pressing "Finish", the geometry file will be created and the geometry edi tor
opened. Geometry files have the file ending ".geometry", which is neither shown in the
ESABASE?2 Explorer nor specified by you in the wizard.
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If the geometry editor is not yet open, doubleclick on a geometry file in the ESABASE2
explor er. This will open the geometry editor, as shown in the following figure.

3.2.2 Geometry Viewing

{3 ESABASE2 - ox
File Edit Window Help

[ @ - Reset perspective Q M ’9‘\,—'
t@ ESABASEZ Explorer g cubesat_geometry

=
> e oo B & 2L Bk gleo H
-1 import_testing ~
== stress_testing Antenna

(= ListingFiles
+-l=+ kc_01_rings
(2 ke_0Z_10000
+-l=+ tc_03_cryosat
= L= kc_04_sum
g cubesat_geometry

5= outline
=[] GeomModel
(1 Configuration

Ellipscid
=% STATE_L

] ais
=] POINT
() POINTINGDIRECTION
(] POINTINGDIRECTIONE

Ogive
Parabole

=} Properties Fipe

P t Yal
roperty 'alue B Plate

Sphere

Tank

Geametry

Figure 3-7:  Geometry editor, empty file

In the left column, you see the opened geometry file in the ESABASE?2 Explorer, the tree
structure of the geometr y in the Outline (with "System" marked) and the selected
node's attributes in the Properties view.

On the right side, you see a blank screen, ast here are no shapes created yet. At the top
of the editor (directly under the "cubesat_  geometry" tab), you see a toolbar to manip  u-
late the geometry.

This subsection's goal is to explain how to view a geometry, not how to edit one (this is
the subject of the follo wing subsection). However in order to have something to view,
press the button indicated by the red circle in the figure above; this will provide you
with a palette of available shapes.

Select the "Box", and in the wizard that opens, just press "Finish". This will produce a
box with some sensible default values.
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The follow ing figu re shows the newly created box in the 3D view, and on the right side
a colour scale, which matches colours on the surfaces of the cube to element numbers
(in this case, a box surface has only one el ement, but curved surfaces may have many).

'@ ESABASE2 =
File Edit Window - Help
H-E@® o- Reset perspective Q- =
@ ESABASEZ Explarer g *cubesat_geometry
9% s o088 8& BL vk oo N A
#- 1= import_testing ad

= l=F stress_testing
= ListingFiles
#-[= tc_D1_rings
(= tc_02_10000
# [ tc_03_cryosat
= bo_04_sum
g cubesat_geometry

5% outline
=T System R
=60 STATE_1
J Axis
=[] POINT
(1 POINTINGDIRECTION
J POINTINGDIRECTIONE
=T Box —

£ >
B Properties

Froperty Walue
ji] 1
OBJECTTITLE BOX

Geometry

Figure 3-8: Geometry editor, first box

Consider now the toolbar, particularly the left part: It concerns manipulation of the
viewing pe rspective. Please refer to the following figure:

S *"lap D60 &L Bk

Different view angles Zoom Selection

Panning Rotation

Figure 3-9: Geometry editor, Toolbar (left side)

The first two buttons reset the view 2 the left one tries to fit the geometry to the wi n-
dow, showing as much as possible, while the right one takes a wider perspective, being
some distan ce away.

The next seven buttons allow viewing the model from canonical perspectives:

1 front, top, left view
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1 back, right, bottom view

1 axo ("all axis 45°") view

The following four buttons  are useful for more interaction than just pressing a button 2
each tog gle button activates a particular interaction mode:

i Zoom area mode 3 allows to select a rectangular region with the
~ mouse that should be zoomed

1 Normal zoom mode 42 zoom in and out by dra gging the mouse

1 Pan mode move the view by dragging it with the mous e

I Rotate mode t} rotate the object with the mouse

With the first zoom toggle button  ( s ), the zoom area mode is activated. Leftclick and
hold the mouse in the geometry area and drag a rectangle, then release the mouse bu t-
ton. The selected area is now the new viewing perspective.

The second zoom toggle button ( > ) works differently: While this mode is a ctive, you
can hold the left mouse button and move the mouse to the left or to the right. Left
means further away, right means closing in.

Using the third tog gle button (), you can pan the perspective. Hold the left mouse
button and move the pe rspective with the mouse, then release the mouse button.

The fourth button ( 1} ) is used for rotation. With in this mode, hold the left mouse bu t-
ton and move the mouse curs or to gradually change the rotational viewing angle.

The last button on the left side of the toolbar ( t‘) is the "Select mode". Being in this
mode allows you to click on a shape, which will then be highlighted.

With this, you know how to view a geometry from all sides, and we now come to the
CAD editing capabilities of the Geometry Editor.
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3.2.3 Geometry Edit ing

Every geometry consists of a tree structure:  Starting with the "System" node, you define
a central body, and all other pertinent shapes as children of t he central body node (or
further down the tree structure ).

To create the first (and central body) shape, press the "Add object” ( A ) button in the

geometry editor toolbar , and choose the des ired shape. The following shape types are
possible:

1 Basic Shapes Geometrical primitives which could appear in any CAD program:
Box, Cone, Cylinder, Ellipsoid, Ogive, Paraboloid, and Sphere.

1 2D-component Shapes Geometries defined partly as a two -dimensional bla nket:
Disk, Plate, Surface, and Prism.

1 Spacecraft Shapes Unusual shapes that aid in the const ruction of spacecraft: A n-
tenna, Beam, Pipe, Tank, and Truss.

A full description of all shapes can be found in "  Annex A: Geometry Shapes'. In this
section, f or the purpose of explaining the geometr vy editor workflow, we will compose a
simple example satellite , as shown in the following figure.

& ESABASE2 - OR
File Edit Window - Help

C-EH® Q- Reset perspective Q- (o]
@ESABASEZ Explorer &% =0 g*tuhesat_ﬂﬁ_[npy i3 =0
=& v
2 lp 0008888 2L %k O ole Al
Q cubesat_01_box il

g cubssat_0Z_cone

ﬂ cubesat_03_parabole
g cubesat_04_cylinder
g cubesat_05_solar_box —
g cubesat_06_copy —=non
W cubesat_debris
@ cubesat_mission

Element Mumber

—1600
0F outline 53 =8 !
4 STATE_L ~ —1400
=T Box
#-£ STATE_L
Camro
- T) CoNE
-1\ PARABOLE
- T) CYLINDER
# 71 CYLINDER

—1200

—1000

= con
—&00
E Properties 2 ¥ =0
Property Value —400
j 1
OBJECTTITLE BOX

GEometry

Figure 3-10: Geometry editor, example satellite
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The satellite above is a fictional Cubesat derivative , consisting of:

a box as central body

a cone as front shield

a parabole as earth -facing antenna
two cylinders as solar panel joints
two flat boxes as solar panels

= =4 -4 -—a A

Re-visit the " Add Object" (‘ ) button and choose "B ox" (‘ *). A wizard to d efine
the shape will o pen. Each shape has its own wizard page; other pages are shared
among the shapes.

Alternatively, i f you already created the box in the previous chapter, select the box in
the 3D view (left click while being in selection mode), and then open the context men u
(right click), choosing "Modify A Size".

The fo llowing wizard pages are available:

1 Size This page defines both shape size and point of origin, and is unique for
each shape.

1  Meshing: Every shape is divided into surfaces (flat or curved), which in turna re
meshed into elements (always flat, triangle or quad). This page determines
meshing detail and active sides.

1 Position and Attitude : Allows translating and rotating the shape in its own local
coordinate system.

Kinematic : Defines joints that allow child e lements to move. See subsection 3.3.
Pointing : Defines shape pointing (e.g. solar panel to sun). See subsection 3.4.

Material . Defines the material properties of the shapes surfaces. Only used in
some solvers.

Some solvers (e.g. Debris, COMOVA) may introduce additional pages to  fulfil their sp e-
cial geometry model requirements. These pages will be  explained in the respective
solver chapters.
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3.2.3.1 Box: Size Page

The "Add Box" command will result in the wi

@ Shape Wizard

Size

Object Name:  OBJECT_L
Stabe Wame:  STATE_1

size: | 1000.0

[ thick:

Origin: | corner poink

dx

Size Meshing Position & Attitude Kinematic Pointing Debris Material

o like parent

dy
1000.0

L]

[v] Cavity: | closed bax [v]

1000.0 [m]

zard shown in the following figure.

Iiw

dz

Next = | [_Fmsh | [ cancel

Figure 3-11: Geometry editor, Box wizard , Sze page

In the upper section, you can see object name and state name. Usually, you can leave
them as is (future versions o f ESABASE2 may support multiple states per object).

The box definition itself is quite straightforward. Choose a size in XYZ dimensions, and
then specify whether the point of origin is the front lower right corner point or the
tre of the box (we recomme nd the former).

cen-

All parameters of the box are described in " Annex A: Geometry Shapes'. For our pu r-
poses, set 100 mm as side length and press "Next".

If you enter invalid values, the appropriate fields will become red. Please note that for
some more complex shapes, certain errors can only be detected after you press "Finish"
(these are errors related to surface gener ation and meshing, which is only done once
for performance reasons).

In that case, a popup dialog will inform you, an  d you have to revisit the wizard in order

to correct the values.
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3.2.3.2 Box: Meshing Page

The following figure shows the meshing page , which has the same structure for all
shapes, but differing default parameters.

(=] Shape Wizard

Meshing @

Box Size Meshing Position & Attitude Kinematic Pointing Debris Comova Material

Subdivison of the shape’s boundary surface into node areas ...

nar |1

b 1 Zmesh
neeo| 1 / R S S —
Number of elements on ...
aaxisi |1 =
]
braxist | 1 = I
c-axisi |1 X
Ray Tracing
Reay tracing weighting factar: | 1.0
X mesh
Active Side
Side: | default || D
default

both

Colour: E] positive

negative
none

[ <Back || o> |[ _Fnsh || cancel |

Figure 3-12: Geometry editor, Box wizard, Meshing page

On the meshing page, you can fine -tune the subdivision of surfaces of the object (which
may be curved) into meshed elements (which are planar triangles or quads). The normal
case is to accept the defaults.

Along any axis, y ou can modify the number of subdivisions per surface (resulting in di s-
tinct "node areas") , and further the number of elements per subdivision . Multiple a xis
definitions are co mbined (see figure above) : Setting a value to 4 on one axis results in
slices on a surface; setting 4 on a second axis results in quad div ision.

If you just want to finetune the meshing, use the second block ("Number of elements").
However if you use a solver that supports surface nodes (e.g. Sunlight  /5/), you can also
use the first block ("Subdivision into node areas").

A word on the nomenclature: If you take a surface and e.g. divide it into two (na = 2),
there are now 2 node areas. If only one side of the surface is act ive (see below), there
are 2 surface nodes; if both sides are active, there are 4 surface nodes. You can think of
surface nodes as being "the active sides of node areas".
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Further down the meshing page (and shown in the figure below), the "Active Side" se t-
ting determines which sides of the shape's surfaces are affected by the solvers (mostly
via raytracing).

Ray Tracing
Ray tracing weighting Factor: | 1.0

Active Side
Side: | default V
bath
Colour: E] positive

Figure 3-13: Geometry editor, Box wizard, Meshing page , Raytracing and sides

For volume shapes, there are outer (positive) and inner (negative) sides; for surfacic
shapes (e.g. plate), one side is usually declared positive, the other one negative. In the
meshing page, the following a ctive sides choices are possible:

9 positive/negative: only the outer/i nner (or front/back) side of a shape is affected.
1 both/none: both or no sides are affected.

9 default: Depends on the shape. For volume shapes, the default is "positive", as
the inner side (e.g. of a box) is supposed to be never reached by raytracing. For
surfacic shapes, the default is "both".

In addition, you can define a ray tracing weighting factor; it defaults to 1.0 and sets
how many rays are emitted from the surfaces (e.g. setting it to 2.0 means that the su r-
faces of this shape emit twice as many rays as any other shape in the geometry).

Please note that solvers may or may not respect the ray tracing weighting factor.

Finally, you can choose the color of the shape. The default is to color it according to
object number, but you can override it with a fi xed color here.

Close the Box wizard now by pressing "Finish”, as we will  now continue with a cone as
a child to the box.
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3.2.3.3 Cone: Position and Attitude Page

Each shape has its local coordinate system, which is initially set to (0, 0, 0) within its pa  r-
ent's local coordinate system. The Position and Attitude page allows you to arrange a
shape within the coordinate system.

Normally, you define the shape size without regard to placing it (although for some
shapes, this would be poss ible). You then move the shape along the XYZ axis of its local
coordinate system ("translation”) and rotate it by specifying angles and axis priorities
("rot ation").

To further our example satellite, mark the box in the 3D view by leftclicking it, then
rightclick to open the context m  enu and choose "Coordinate Systems A global coord i-
nate system". This will show the global coordinate sy stem.

Rightclick the box again and choose "Add Child A Cone" from the context menu. On
the wizards size page, give the cone pl = (0, 0, 0) and p2 = (0, 3 0, 0), complement it
with diam1 = 80 and press "Finish" to preview the result.

The following figure shows thatt he cone is somewhat misplaced, especially if seen from
the front view ( l , circled in red ):

(& ESABASE2
File Edit Window - Help

= @ A Reset perspective @ A ’t,—'
EF—;}# ESABASEZ Explorer ﬂ cubesat_geometry

=k p"ﬁlﬁ?@@@}) 5k @ oe @ AW
#- =" import_testing -~
= stress_testing Element Number
(= ListingFiles
(= tc_01_tings
B[ be_02_10000 —300
®- [ tc_03_cryosat
== te_04_sum
g cubesat_geometry

5% outline
= (] GeomModel
[ Configuration
=MW System
w40 STATE_L
=T B
H40 STATE_L
CamFo
T ConE

] Properties

Property Value
i) 2
OBJECTTITLE COMNE

Geomekry

Figure 3-14: Geometry editor, default Cone
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To remedy the situation, leftclick the cone  to select it , and then choose "Modify A Pos-
tion and Attitude" from the context menu . This will directly jump to the Position and
Attitude page in the Cone wizard, as s hown in the follo wing figure.

& Shape Wizard @

Position & Attitude

Size Meshing Position & Attitude Kinematic Pointing Debris Material

trax tray traz

translation: | 140,0 50.0 50.0 [mm]

rotation type: | angles w order: wz ~
angle 1 angle 2 angle 3
rokation: | 0.0 0.0 2700 [deq]

<gack [ mes [ fnsh | [ Cancel

Figure 3-15: Geometry editor, Cone wizard, Position and Attitude page

In the first row, translate the shape by (14 0, 50, 50) mm. Because X is the velocity dire c-
tion o f the satellite as indicated by the front viewing perspecti ve, this will move the
cone to 4 cm before the front plate and  centre itin Y and Z direction.

In the rotation section below, keep "angles" and a XYZ rotation order, then choose a n-
gle 3 (z angle) = 270°. Click "Finish" to view the results, as shown above in the "b efore"
and "after" screen shots.
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We skip the Kinematic and Pointing pages (see subsections 3.3 and 3.4) and concern
ourselves with material properties, which always apply to surfaces, not to bodies (i.e. no
bodies "filled with aluminium" here).

3.2.3.4 Cone: Material Page

For our cone, choose "Modify A Size". Although size pages differ from shape to shape,
all will contain a "Thic kness" parameter of so me kind. Choose thickness = 3mm. T hen
go to the "Materials" page  at the top of the wizard , as shown in the following fi gure:

& Shape Wizard

Size Meshing Position & Attitude Kinematic Pointing Debris Material

Figure 3-16: Geometry editor, Wizard header

Click on the blue "Ma terial" link. The resulting material page will in turn look like the
following illustration.

& Shape Wizard =
Material @
Size Meshing Position & Attitude Kinematic Pointing Debris Material
Swtaces ()
@ Al surfaces [v] [Propagate
O Individually

(O Rreplace
Materials

Materials used in il Materials available in library
AL
Aluminiumosynitrid
Alurninrn
KAPL
KAPZ
KAPY

Shiowe material attributes

Figure 3-17: Geometry editor, Material page

In the upper section, you can choose to apply materials either to all surfaces or ind i-
vidually per surface.
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In the lower section, you see areas for the materials used in the geometry file (left) and
the available materials in the ESABASE? library (right) . You can use the pre -defined m a-
terials or add new ones.

The distin ction between materials in file vs. library is made so you can sendag eometry
file to a colle ague, who may not have the same material library as you.

To apply a material to all surfaces of the cone, select "Aluminium” in the section to the

right and then press the "transfer left" button (  [=]). This will transfer the material to the
section to the left ("Materials used in File"). To remove it again, leftclick the mat erial in
the section to the left, and press the "transfer right" button ( [2)).

Now that a mater ial is available in the geometry file, you can choose it in the co m-
boboxes of the upper section. Set "Aluminium" for all surfaces.

The "Propagate" checkbox would allow you to propagate changes to all child shapes
upon pressing "Finish" ( there is no further automatic propagation for new children)
Leave it unchecked for now.

If you are curious about the material properties, click the "Show material attributes"
button. In a third section below, all material parameters of the currently selected mat e-
rial will be shown.

Not all properties are relevant for all solvers. To see  only specific material properties ,
choose a "Filter", as shown in the fo llowing figure:

Mame | KAPX Filker | {alsalyers
Omega | 1.0
Speco | 1.0
Accoma | 0.0 Reacta | 3.0
Figure 3-18: Geometry editor, Material properties
A filter will highlight all relevant parameters for a specific solver, and gray out all ot hers

(see geometry section s in the solver handbooks for solver specific material properties)
Normally, the filter is set to sho wing "All".

You can add further mat erials to the local library (and then copy that material into the
geometry file) by s electing an existing material in  the library and pressing the "Dupl i-
cate" button. In the duplicated material, the material properties fields will be edi  table.
When you are done, press the "Apply changes" button. To delete the material, use the

"D elete" button.
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The following subsections are examples, but not full specifications of kinematics and
pointing. For a full descri ption of both functionalities, please see sections 3.3 and 3.4.

3.2.3.5 Antenna dish: Global Kinematics and Pointing

To extend our example satellite, we will add  a parabole ("antenna dish") , which shall
always point to earth. We start with the antenna dish  (instead of the solar panels) be-
cause it will force the satellite system to r otate, and system point ing must always be
defined before secondary (local) pointing

Select the main body box in the 3D view and open the context menu to choose first
"Coordinate S ystems A global and local coordinate systems". You will now see thel  ocal
coordinate system for each shape; this will be useful below.

Again, select the main body box and choose "Add Child A Parabole" from the co ntext
menu. Set p1 = (0, 0, 0), p2 = (0, 0, 20), diam = 80 and thickness = 2 mm . Then translate
it by (50, 50, 0) and rotate it by (180, 0, 0) . The result is shown in the fo llowing figure.

'@ ESABASE2 =
File Edit Window - Help
[ g Q- Reset perspective Q- L]
E;.@ ESABASEZ Explarer g cubesat_geometry_stepd
_ =% L T agooEd & Bpe ik @ 7 H A Id
(= te_DZ_10000 -

# [ bc_03_cryosat

= L= be_04_sum
W cubesat_debris —1200
Q cubesat_geometry_stepl
Q cubesat_geometry_step? —1100
ﬂ cubesat_geometry_stepd .
@ cubesat_mission —1000

Element Number

—900
5 outline \|
(] Configuration -~ —&00
=-T System )
-4 STATE_1
=T B
4 L STATE_L
o i —500
=T cone
= T PARRECLE

—600

- | —400
= Properties —300
Froperty Walue

jin} 3
OBJECTTITLE PARABOLE

—100

Geometry

Figure 3-19: Geometry editor, example satellite with antenn  a dish at bottom

On the figure, the z axis of the parabole points "down" , the x axis points into velocity
direction and the y axis to the right side of the satellite. With this in mind, select the
parabole and choose "Modify A Pointing" from the context menu.
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The following figure shows the Pointing page for the parabole.

& Shape Wizard =

Pointing @

Size Meshing Position & Attitude Kinematic Pointing Debris Material

Inherit parent values

V% vy vz pdir

vecl: [ 0.0 0.0 m EARTH v

[Cirverse
[#]track

[ <Back || mext> ][ Enish ][ cancal

Figure 3-20: Geometry editor, Pointing page (antenna dish)

Set VEC = (0, 0, 1) and pdir = EARTH. Also, activate the "Inherit from pa  rent" checkbox;
this will allow the parabole to force the parent body to rotate, if possible (more on that
in a minute) .

In ESABASE?2, all shapes posessing pointing must also have kinematics. Although we do
not wish to move the parabole (the satellite shou Id move instead), it has to have at
least minimal kinematic freedoms.

Kinematic operates on the concept of an axis around which to move (specified by a ve Cc-
tor). Perpendicular to this axis, a second vector ind icates where the 0° position is (i.e.
the "natur al” rotation angle). Then, a minimum and maximum angle is specified.

Up to 3 kinematic axes can be defined, although in our example, we will use only one.
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The Kinematic page of the parabole wizard is shown in the following figure.

2 Shape Wizard

Kinematic

Size Meshing Position & Attitude Kinematic Pointing Debris Material

Translational Degrees of Freedom: [mm]
x ¥ z trin tmax
1|00 0.0 0.0 0.0 0.0

Rotational Deqgrees of Freedom: [deg]
x ¥ z rminfrmax
10,0 [1.0] 0.0 0.1 rmax
0.0 0.0 1.0 0.0 rmin
z |00 0.0 0.0 0.0 tmax
0.0 0.0 0.0 0.0 rmin
3 tmax

tmin

[ =<Back || mext> ][ Enish ][ cancal

Figure 3-21: Geometry editor, Kinematic page (antenna dish)

We ignore t he top section (translation al kinematics; see section 3.3 for more) and go to
the bottom section (rot ational kinematics) , which has three 2-line specifications: The
first line for the axis vector, the second line for the 0° vector, and to the right the
maximum and minimum a ngle (rmax/rmin).

Since having a pointing requires us to have at least minimal kinematics, set the first lin e
to (0, 1, 0), the second line to (0, 0, 1), and rmax =0 .1 and rmin =0 . Then press "Finish".

The pointing and kinematics on the parabole are now configured to allow forcing the
parent body to move. Ho wever, the parent body has to accept this: Therefore , we will
edit the global system pointing.

Go to the Outline . You will see a node "System" here; rightclick it and choose "Modify
Object”". A wizard will a ppear 2 and unlike the standard geometry wizard , the System
node wizard shows only pages for " Size", " Position and Attitude ", and " Pointing ".
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Go to the Pointing page, which looks like portrayed by the fo Ilowing figure.
Pointing @
[Ospin

vy vz pdir
vEC (10 00 00 veLocry [

VECE: | 0.0 0.0 o] NONE [v]

[inverse

track

Figure 3-22: Geometry editor, Pointing page (System node)

On this page, velocity ("f orward") and earth ("down") vectors are set by default. Since

the parabole takes over the earth pointing, deactivate it here by setting VECB= (0, 0, 0)
and pdir = NONE. If you were not to do so, the parabole and the system pointing would
come into co nflict.

Click "Finish", and t he global pointing is adjusted, complementing the local pointing
performed on the parabole.

On a final note, please remember that system pointing must always come before seco n-
dary (local) pointing! Otherwise, the local |y pointed sh apes will be rotated before the
system, leading to strange geometries at the orbital points in a solver result file.
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In the previous subsection, we performed global pointing for the antenna dish. Now we
will concen trate on purely local pointing, i.e. the satellite orientation is fixed when seen
from the local shape. A satellite panel is a good candidate for local pointing.

3.2.3.6 Solar panel: Local Kinematics & Pointing

Select the main body box in the 3D view and open the context menu to choose "Add
child A Cylinder". On the size page, set pl = (0, 0, 0), p2 = (0, 30, 0) and diam = 20 mm.
On the position and attitude page, set translation = (50, 100, 50). This will centre the

cylinder on the left side of the sate llite (when looking from the back).

This cylinder is the mov ing part within the solar panel, so we specify  Kinematics and
Pointing on this shape . The following figure shows the Kinematics page in the wi zard.

2 Shape Wizard

Kinematic

Size Meshing Position & Attitude Kinematic Pointing Debris Material

Transiationsl Degrees of Freedom: [mm]
x ¥ z trnin trnax
1|00 0.0 0.0 0.0 0.0

Rotational Degrees of Freedom: [deg]
® ¥ z Frinfrmax
1 00 1.0 0.0 360.0 rmax

1.0 0.0 0.0 0.0 rmin

2 0o 0.0 0.0 0.0 rma
0.0 0.0 0.0 0.0 rrin
3 rmax

rmin

< Back, Mext > L Einish ] Cancel

Figure 3-23: Geometry editor, Kinematic page (solar panel)

As we can see in the local coordinate system of the cylinder, we want to rotate around
the y axis. Therefore, in the first line of the rotation section of the Kinematics page, set
the r otation vector to (0, 1, 0), rmax = 360° and rmin=0° .

In the second line, to define where exactly 0° is , choose (1, 0, 0), which is the vector
along the x axis , pointing into the velocity direction.
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Having specified the kinematic s, we go to the P ointing page to specify the vector that
should point to the sun , using the freedoms afforded by the kinematics. The Pointing
page is illustrated in the fo llowing figure.

& Shape Wizard

Pointing @

Size Meshing Position & Attitude Kinematic Pointing Debris Material

[Jinherit parent values

WECL: 0.0 0.0 ET [v]

WECEZ: |00 0o 00 HOME v

track

= Back, [Mext > i Einish i Cancel

Figure 3-24: Geometry editor, Pointing page (solar panel)

Following the 0° kinematic vector spe cified above , choose the x-axis to point to the sun;
set VECL1 = (1, 0, 0) and pdir = SUN. Then "Finish" the wi zard.

To complete the solar panel, select the cy linder and choose "Add Child A Box" from the
context menu. Set the size to (20, 100, 400) and tran slate it by (-10, 30, -200). The latter
will move the box to the end of the cylinder in y direction and centre it x and z wise.

Please note that the front flat side of the box points along the x axis of the cylinder,
and therefore matches our pointing dir  ection.

For better result accuracy, go to the Meshing page of the solar panel box. There, set
number of elements for b -axis = 4 and c-axis = 16. Select the solar panel box again in
the 3D view to see the new meshing .
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Now r epeat the process on the right side of the satellite. You might consider using the

Copy & Paste functions in the Outline, explained in subsection  3.2.4. The result should
be similar to the figure below.

2 ESABASE2 - OR
File Edit Window - Help
(g (3 h Reset perspective @ hd L)
@ ESABASEZ Explarer g cubesat_DE_copy
0 &
= 2 " ad8088 68 3L 9 kD gla B Al

g cubesat_01_box ad

ﬂ cubesat_02_cone Element Mumber

ﬂ cubesat_03_parabole

5% outline
=[] GeomModel
[~ Configuration
=T System
# 40 STATE_L
=T Box
#-() Materials

B Properties

ﬂ cubesat_04_cylinder
Q cubesat_05_solar_box
ﬂ cubssat_06_copy

W cubesat_debris

@ cubesat_mission

—1600

—1400

—1200

—1000

Froperty Walue
Figure 3-25: Geometry editor, example satellite with two solar panels
Please note that i n the geometry editor, neither kinematics nor pointing is visualised in

the 3D view . Only in the different solvers' result editor s you can see the different co n-
figuration s per orbital point. As an example, the following figure shows the orbital
points of an ESABASE2/Debris run, using MASTER 2001 on a sun synchronous orbit.

Figure 3-26: Orbital point configurations, ex ample satellite

Read on to the next section to learn how to give shapes more intuitive names.

etamax space GmbH . Richard -Wagner -Strae 1 . 38106 Braunschweig

Page 59 / 159



qemax 1

3.2.4 Geometry Outline and Properties View

In the Outline view, you can see the tree structure of the satellite geometry created in
the previous subsections. This O utline is good for several things:

1 Shape Naming: Allows you to rename shapes such as "BOX" to "Central body" or
"Solar panel (left)".

1 Copy & Paste How to duplicate parts of the geometry model.

1 Shape Information : See the exact contents of each shape, down to surface and
meshed element level.

1  Shape Editing : How to edit geometr Yy values in the Property editor with the help
of the Outline.

1 Enclosures A typical case for editing values in the property editor. Enclosures are
advanced functionality that is notint  egrated into the Geometry editor.

3.2.4.1 Shape Naming

In the last subsection, you have defined a spacecraft geometry, represented as a 3D
model. The shapes are ordered hierarchically, depending on the shape you performed
"Add Child" upon. To see this hierarchy, consider the outline on the left side of the fo |-
lowing figure

& ESABASE2
File Edit Window - Help
[ o~ Reset perspective o~ *a
@ESABASEZ Explorer 2 =0 gcubesat_%_:upy = =0
it
= o apgeoad & wo [(wk(os B Al
g cubesat_02_cone -~
g cubesat_03_parabole Element Murmber
B cubesat 04 cvlinder i
o7 Outing =0 o
—2000
= ] GeomModel -~
(] Configuration
=T System —1600
#-%0 STATE_L
=T gox —1400

#-L STATE_L

—1200

- T) CYLIMDER:

E Properties 2 ~ =0
Property Walue
jin] z

OBJECTTITLE COMNE
Geometry

Figure 3-27: Geometry editor, Outline, Cone selected
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From the "GeomModel" root  node, you see the "System" node (where you specified
the system pointing in chapter 3.2.3.5), and further below a hierarchy of BOX, then
CONE, PARABOLE, CYLINDER and further shapes.

When you select "CONE" with a leftclick, the cone in the 3D area is highlighted, so you
know which node b elongs to which shape. However, a name like "CONE" is not really
intuitive 2 to change that, rightclick in the node in the Outline and choose "Rename”.

The following figure shows the resulting Rename dialog, where you can edit e.g. "Front
shield" as a more appropriate name.

{2 ESABASE2 i)l
File Edit ‘Window - Help
- Q- Resel perspective Q- h=1
@ESABASEZ Explorer 57 =8 gcubasat_Ds_capy b1 =8
=G T
T L ropgoeacd s 2L vk (oo R A
g cubesat_02_cone A
g cubesat_03_parabale Element Mumber
B cubesat 04 cvlinder i
OF Cutline =0
=[] GeomModel ~ .
2] Configuration 2 Rename "CONE"
=T Syskem
60 STATE_L Please enter the new name.
=T Box
#-4 STATE_L
1 mFo
i _1@ Add child shape
2 TUPORE ey object
T Ll i ance !
— _ | PRemove
— Rename
=l Properties ©2 Refresh
Property val  Copy
i} 2

OBJECTTITLE CONE

Geometry

Figure 3-28: Geometry editor, Outline, Cone renaming

Continue in this manner and rename the "BOX" to "Central body", the "PA RABOLE" to
"Earth antenna”, the cylinders to "Solar panel ( left)" and "Solar panel (right)", and the
cylinders' children "BOX" to "Panel".

Besides "Rename", other operations are available:

1 "Add child shape" is the same as choosing "Add child A Shape" in the 3D view,
when rightclicking a shape to invoke its contex t menu.

"Remove" is the same as the "Remove" in the 3D view context menu of a shape.

"Modify object" is the same as "Modify A Size" in the 3D view context menu of
a shape, leading to the first page of the shape wizard.

1 "Refresh"” refreshes the Outline struc ture. In rare cases (usually involving the i m-

port of non -standard geometry files), this might be come necessary after modif  y-
ing a shape.

1 "Copy" & Paste is the subject of the next subsubsection.
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The figure below shows the Outline with renamed shape nodes

menu used to invo ke the commands described above (right) .

(left) , and the context

|E|; i e ﬁ = E O— . ii =] E
= (1 GeomModel -4 STATE_1 |
(2] Canfiguratian =T\ Central body
=T System w4 STATE 1
40 STATEL O NFO
E'i-‘l Central body - T\ Front shield
';? STATE_L ®- T\ Earth antenna
|:| INFO i—"l, Solar panel {left)
F‘l Front shield = :
#- T\ Earth antenna b0 sT .ﬁ.dd.chﬂd s.hape
F‘l Solar panel (left) ----- Cam Madify object
EBNY 5clar panel (right) &7 pa 'T'
@40 STATE_L & (2] Materisls e
_____ ] NFo EeFresh
& T Panel £l Properties 52 F‘:Eti
=] Materials
Property Walue
j (] [a]

Figure 3-29: Geometry editor, Outline, node renaming

With the shapes now properly named, 3D view and Outline together r epresent a space-

craft geometry more intu itively than the 3D model alone can do
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The major reason to become familiar with the Outline is the Copy & Paste function. It is
performed on the tree (instead of the 3D model) because positioning of s hapes within
the tree hierarchy can become a major issue if not properly observed.

3.2.4.2 Copy & Paste

To copy a shape for later pasting, go the Outline and rightclick a shape name (e.qg.
"BOX" or "Solar Panel") to open the context menu. Then, choose copy.

Both copy and paste actions are shown in the following figure.

EE Cutline
= ] GeomModel
[ Configuration
= _-1| Sysbem
£ sTATE 1
= _-1| Cenkral body
& STATE_L
1 INFD
T\ Front shield

_-1| Earth antenna

@ T\ g

_-1| Solar par
(] Materials

E Properties 2

Property Yalue
D 4

add child shape
Madify objeck
Remove

Rename
Refresh

5= outline 5 =0
= 2] GeomMadel
[ Configuration

= _-1| Syskem
L STATEL
=T
& add child shape
Cl Madify object
-1|| = Remove
-1| E Renarme
mls Refresh
T Copv
] Materials
£ Properties 53 ¥~ =0
Property Walue

i 1

Figure 3-30: Geometry editor, Outline, Copy & Paste

On the left screenshot, the "Paste" menu entry is still disabled, because no shape has
been copied intot he buffer ("clipboard") yet. The shape is directly selected and copied.

On the right screenshot, the context menu has been opened on the parent element (the
"Central body"). This is because the pasted object will be inserted as a child shape (  ana-
logous to "Add child shape™) . If you were to perform the paste directly on the copied

node, the pasted solar panel would appear as a child of the original solar panel, not as
a sibling.

After a paste operation, the 3D view will not show any differences; the reason i s that
the pasted shape overlays the original one. Rightclick the new shape and choose "Mod i-
fy object” from the context menu. Then, go to the "Position and Attitude" page to

translate and rotate the new shape (see 3.2.3.3).
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3.2.4.3 Shape Information

Our view of the Outline has been quite shallow yet. Expanding the tree nodes and at
the same time looking at the Properties view can show you much about the internal
data structures of a geometry file, as shown in the follo  wing figure.

B Outline =0 5= outline 5 =0
= ] GeomMadel ] GeomMadel
[ Configuration [ Configuration
= _-1| System = _-1| Swstem
b STATE_L f STATEL
= _-1| Central body =] _-1| Cenkral body
L sTATE 1 {1 STATE L
[ INFD o MFD
_-1|| Front shield _-1|| Front shield
T\ Earth anterna T\ Earth arkenna
) solar panel {left) T solar panel {left)
=T Solar panel {right) =T sclar panel {right)
L STATE] L sTATE
1 INFO 1 INFo
i =M
[ Materials =4 STATE_L

=] SURFACES

[ surface_1

] surface_z

] surface_3

[ surface_4

] surface 5

=] surface_ g

=] Elements

1 element_1
] element_z
] element_3
] element_4

1 Mdnm
3 sSHAPE
] w1
1 PoINT
1 NFo
] Materials
< | 2]
Figure 3-31: Geometry editor, Outline, expanded
The tree on the right is an expanded version of the tree on the left.
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As the panel is a flat box, you can see its 6 surfaces; and below the last surface, its
meshed elements (4 el ements per surfac e). These are the elements whose coordinates
will be used in D ebris and other analyses.

When looking at the Properties view at the same time, you can see the data values for
each node in the Outline, e.g. the elemen t area and the normal vector for a meshed

element, as shown on the left in the following figure.

B Outline =0 5= outline 5 =0
[ surface_3 A =] surface_& A
] surface_4 =] Elements
] surface 5 (] element_1
=] surface_& [ element_z
=[] Elements _ [ element_3
] clement 1 ] element_4
] element_2 | (1 Mdrm
1 element_3 3
[ element_4 [ ] axis ™
A 2] <] 2
El Properties &2 ¥ =0 =l Properties &2 = =0
Property YWalue Property Yalue [l
ELEMAREA, 4,99000995 274 7004E-4 BOX_DX 0.02
ELEMMORMAL 0.0, 0.0, 1.0} BOX_DY 01
BOX_DZ 0.4

ROX THICK [N}

Figure 3-32: Geometry editor, Outline and Properties view

Other nodes are accessible in the same way. T he right side of the figure above shows
the "SHAPE" node in the Outline; the corresponding properties view shows for the
panel: the x, y, z size and the box thickness.

The attributes you see here will appear familiar: These are the ones that you already
edited in the Shape W izard on the size page (see 3.2.3.1).

Please note that the amount of nodes and attributes you see in the Outline and Prope r-
ties view depend on the user level setting made in the preferences (in the menubar,
choose "Window A Preferences, then adjust "user mode").

The default setting is "Normal”, where not all information is displayed. With the "E X-
pert" setting, you can see more nodes and attributes. Finally, the "Developer" setting
(may not be available in som e versions) shows everything, but enables you to crash the

application in creative ways, if you change data values (see next subsection)  wrongly .
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3.2.4.4 Shape Editing

Outline and Properties view not only enable you to see that data within a spacecraft
geometry, b ut also give you the opportunity to edit attributes directly. Leftclick on a
value in the Properties view to activate editing , as shown in the following figure.

0= outline 52 =0 0= outling 57 =8
=] surface_& [A] =] surface_& [A]
=[] Elements =] Elements
] element_1 [C] element_1
] element_z [ element_z
1 element_3 [ element_3
] element_s [C] element_4
1 Mdnm lgl [ Ndnm lgl
3 SHAPE 3 SHAPE
[ AuxIs v] [ AnIs v]
[« | i [ &) | i [2]
= Froperties ¥ =0 EPrnperties £ ¥ =0
Property Walue . Property Yalue .
BOX DX | 0.02 | 2 BOX_DX .02 L
BOX_DY b | BOX_DY 0.1
BOX_DZ 0.4 BOX_DZ 0.4
BOX THICK [ H]] [V] BOX THICK .0 [V‘]

Figure 3-33: Geometry editor, Outline and  Properties view , editing

On the left side, you see a red circle for the "BOX_DX" attribute. After the leftclick, the
right side screenshot shows a text field for the value. You can enter any value here and
press Return on the keyboard to make the change  effective.

Please note that not all values may be editable; for some attributes (e.g. calculated
ones), this has been turned off since it would never make sense to edit them
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Shapes can be grouped into so called "Enclosures”. Each enclosure g roup has a numer i-
ANg d_ #," - . %" \'i _ nj5hcan dpdrdtegod the\ eactbguiesr # ~ ) b)

3.2.4.5 Enclosures

You can define enclosures only by using the properties e ditor, as shown in the figure
below (and described in the pre vious subsection (3.2.4.4)).

5= outline 57 — O || ] Properties 7 ~ =0
=[] GeomModel Property Walue
] Configuration fbsalute ID OBJECT_OJOBIECT _1JINFO
COLOUR [0, 0, 0}
[:l SETTINGS COLOUR2 2
= _-1| Syskem [ z
&1 STATE_L @cms )
(] INFO T iichare
= ﬂl Central body INHERIT u
M| INHERITPC false
Label INFO
CRMNAME Marme
Fronk shield RATLENS Lo
j'l Earth antenna STATLE .
SUESYS ]

) Solar panel (left) TAKEFATHERIN false
T\ salar panel (right] LPDATE 0

(] Materials

Figure 3-34: Geometry editor, Outline and Properties view,  Enclosure definition

By default, all shapes belong to enclosure 1. To change the id, select the shape in the
Outline, navigate to the "Info" node, and @ in the Properties view 2 edit the value of
"ENCLOS".

Applications that do not know what enclosures are will ignore this parameter.

Please note that the "Info" node (and the "ENCLOS" param  eter) will only be visible to
you in the Expert mode (to select Normal or Expert mode, in the menu bar, choose
"Window A Preferences A ESABASE2").
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3.2.5 STEP and BAS-ile Import

The ESABASE application offers two different possibilities to import geometries:

1 STEPFIle Import . The STEP file format is an industry standard for exchanging d a-
ta in files /7/. For ESABASE2, relevant formats are STEP AP214 and AP-203.

1 BAS File Import: Used by the original ESABASE, many spacecraft geometries de-
fined in the BAS format can be re-used in ESABASE2

3.2.5.1 STEP File Import

As of ESABASR version 2.0.0, the STEP AP214 protocol is supported, but not AP -203
(STEPSPE)yet. Also, please note that the size and form of imported STEP shapes cannot
be changed within the geometry editor; the reason is that STEP shapes translatetoa n
element mesh but not necessarily t o attributes needed by the shape wizard.

To import a STEP geometry, create a new geometry file by using the menubar; choose
"File A New A Geometry" . The resulting wizard is shown in the following figure.

2 New ESABASEZ Geometry Object = (] Z, & New ESABASEZ Geometry Object

Choose how to generate file Select files to import

Please choose F you want to import data or start with an empty geometry, Flease select a file to import using the browse button,

velopmentiSoftwareiImportable Files\STEP-Files\warkingl ATW@Station_APZ214C0,stp

() Creats empty file
O Import BAS
@ Import STEP

Figure 3-35: Geometry file creation wizard, STEP variant

On the first page, choose "Import STEP" in place of the standard "Create empty file".
Then, on the next page, choose the input STEP file. The third page will ask you for a
directory location, the same as for empty new g eometries.
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-214 file.

The following figure shows an ATV model imported from a STEP AP

3 ESABASE2
File Edit Window - Help

g o - Reset perspective Q- L

(B ESABASEZ Explorer 52 = O || B8 aTvmstation_&p214C0 5

2270t A I oEa R 9o

@ cubesat_mission s
=I-[= tc_D5_step_impart

g ATY@Skation_APZ14CD

B satelit_spz14c

5 h||ae W Al

B asttczis
-
0F outline 53 =8
= T ATv@station »~
+-5 STATE_L
= T Fee_t
=T Aty
#- T\ schield 2_1
#-T71 schield 2_2
- e - v
= Properties 2 =0
Froperty Value
Object ID z

Ohbject Litle: Title

GEometry

Figure 3-36: Geometry editor, imported STEP ATV model

Per default, the meshing will be coarse in order to be able to import large geometries

within an acceptable time. To refine the meshing, rightclick on the shape in the
and choose "Modify A Meshing". The following wizard page willa ppear.

& Shape Wizard E

Meshing

Size Meshing Position & Attitude Kinematic Pointing Debris Material
©bjects fram STEP imports are meshed with MetGen,

Metzen meshing parameters:

Calculate element edge length automatically: /

Maxdmurn nurmber of elements: 166

Minirurn edge length:

Maximum edge length:

=
o

o

) =
Min, number of elements on curved surfaces: 2 -

Min, number of elements on edges: 1

iarading: 0.3

H.mesh

l < Back. ” [ext = JL Einish Jl Cancel

Figure 3-37: Geometry editor, STEP import, Meshing adjustments

3D view
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Netgen meshing follows parameters different from ESABASE2 meshing as explaine d in
section 3.2.3.2. You can choose between two basic modes: One based on maximum
numbers of elements, and one based on edge length specifications (change the top
checkbox to activate the appropriate fields). For a full discus sion of the available p a-
rameters, refer to the Netgen user manual  /9/.

The figure below shows the imported ATV model with a finer meshed front section.
Note the increased number of elements, as visible on the  colour scale to the right: over
1900 elements, as opposed to the over 900 previously.

3 ESABASE2
File Edit Window - Help

o~ B & o - Reset perspective Q- *5
(B ESABASEZ Explorer 2 = O | B #aTv@station_aPz14cD ==

1%l s gagaoaa e ao w(klae B Al

@ cubesat_mission s
=I-[= tc_D5_step_impart

g ATY@Skation_APZ14CD

B satalit_spz14c

- PP

5% outline 52 =8
=T aTu@station ~
- STATE_L

=T FGB_1

w1 ATy 1
T\ schield 2_1
#-TT\ schield 2_2
- .-

= Properties 2 =0

Froperty Walue
Object ID z
Object Litle: Title

GEometry

Figure 3-38: Geometry editor, imported STEP ATV model, remeshed

Occasionally, a STEP file is structured in a way that does not allow  Netgen to automat i-
cally figure out a good way to mesh it. In this case, you will be presented with a di alog
which lists a Il shapes, which currently cannot be meshed.

For each shape, you can then modify the meshing parameters in order to allow the i m-
port to be completed .
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The following figure shows the meshing intervention dialog.

{2 Some objects could not be meshed. = M The following objects could not be meshed: = @

€ Some STEP objects could not be meshed with the standard parameters. Object ID Object tithe
\,_“/ TF you want to remesh the objects now with different parameters, press OBJECT OfOBIECT 1JOBIECT 1 1
"Yes",

A list with the unmeshed objects will appear. An object can be double clicked
to
open a meshing wizard,

IF you want ko mesh the shapes later, yvou will Find the unmeshed shapes in
the

outline, Unmeshed objects are presented by a crossed icon, Choose "Modify"
in the context menu on the object to change the meshing parameters,

‘Would vou like to try to mesh the objects now?

Figure 3-39: Geometry editor, STEP import, Meshing intervention dialog

When pressing the "Yes" button, the table on the right will appear, with one object per
line. The title is taken from the STEP file. Double click the line, and the Meshing page of
the Shape wizard will appear .

It is the same meshing page as above (see Figure 3-37), only that this tim e you do not
use it for finer meshing, but to make meshing work at all.

In case this was not possible, close the table window for the non  -meshed objects, and
consider the outline of the imported geometry, as shown in the picture below.

& ESABASE2
File Edit ‘Wwindow - Help
- Q- Reset perspective Q- L]
{EJ} ESNBASEZ Explarer 7 = 0 || B aTv@station_pPzi4coz 51 =0
=& -
= llp *aneeedd® g, s5iklose R Al
skep_import ~

N ATV@Station_APZ14CD
[€] aTv@station_apzi14cD
&R aTv@station_AP214CD2 —500

Element Murber

B rosar

B satelit_npz14co

B i .
EE Outline &2 =0

= T\ ATv@Station ~

1% FaB_1

- T schield 2.1

- T schield 22 w
= Properties 12 B3 =0
Property walue -~

= Info
derived  False
editsble  true ||| Geometry

stress_kestingftc_05_step_import

Figure 3-40: Geometry editor, imported STEP ATV model, missing body

The missing body is clearly marked in the Outline; this is helpful in cases where a non -
existing shape is not quite as obvious as above.
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Finally, please note that o nly geometrical and topological STEP entities as well as a s-
sembly structures are imported into the geometry file. This means that you must re -
specify the following information:

1 Kinematics (see 3.2.3.5)
i Pointing (see 3.2.3.6)

Both can be done by using the ESABASE?2 shape wizard.

Date: 2009-12-11 ESABASE2 Framework
Revision 1.2 Software User Manual
State: Final Reference: R077-230rep_01_02_Software_User_Manual_Framework.doc

Page 72 / 159 etamax space GmbH . Richard -Wagner -Strae 1 . 38106 Braunschweig



3.2.5.2 BAS File Import

Users of the original ESABASE can re-use their geometry BAS files in ESABASE2 using
the BAS import. In the menubar, choose "File A New A Geometry" and consider the
wizard shown in the following figure.

{2 New ESABASEZ2 Geometry Object X {Z New ESABASE2 Geometry Object

Choose how to generate file Select files to import
Flease choose if you want ko impart data or stark with an empby geometry, Please select a fils bo import using the browse button,

open Frontier Development)|SoftwarelImportable Files\BAS-Filesiworking\ROSAT BAS

() Create empty file
(%) Import BAS
) Import STEP

Figure 3-41: Geometry file creation wizard, BAS variant

As with STEP, only the pure geometry is imported (excluding kinematics and pointing,

as this was specified in CMD files). Also, please note that certain constructs are not su  p-
ported (see section 5.4.1); and that the file nhame of the BAS file may not exceed 12+3
characters.

BAS shapes can be edited normally in the Geometry editor; they are the same as shapes
created with the shape wizard. Notable exceptions are facets which are not based on
points (i.e. circle, line , polynom ); only points are supported by the shape wizard in the
geometry editor. Meshing, however, wo rks on all imported shapes.
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The figure below shows a ROSAT imported via BAS file.

3 ESABASE2
File Edit Window - Help

= Q @ Reset perspective Q < =
(B ESABASEZ Explorer 52 = O || Rosat &3 =0
= & T
> lo " ageosd & 2o |k (el R Al
@ cubesat_mission s

=l tc_0S_step_import
B ATv@station_AP214CD

B rozar
R satelit_apz14cn
B ast-tez14 v
0T outine 50 =0
e} CentralBody il
=T #RTFront
w40 STATE 1
7 Info

T\ OBIECT_1_3_1
T\ OBIECT_1 3.2
= . :

I

= Properties 2 =0

Froperty Value
Object ID 5
Ohbject Litle: CentralBody

GEometry

Figure 3-42: Geometry editor, imported ROSAT .BAS

A sensible way to convert BAS files is to import them, check the exist ence of all shapes
(COPY statements will be translated into duplicated objects in the ESABASE2geometry
file ), and re -apply kinematics and pointing .

Please note that for some complex BAS geometries, some open issues exist (refere to
section 5.4.1 for more details).
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Kinematics was briefly discussed in tutorial style in section 3.2.3.5 and 3.2.3.6. This sec-
tion discusses kinematics in more detail.

3.3 Kinematics

In a spacecraft geometry, t he "system" is represented by the central body of the ge o-
metric model (typically the spacecraft's platform), which carries all other bodies (solar
panels, antennas, rotors, etc.). The pointing of the system is directly specified on the
"System" node of the ge ometric model .

The system is modelled in three steps:

1 Establishment of the geometric objects considering the intended model hierarchy
via the geometry wizards (pages "Size", "Meshing", "Position & Attitude", "D e-
bris")

1 Definition of the system's pointing via the O utline (right -click on "System", select
"Modify object" from the context menu, go to the "Pointing" page and specify the
required pointing d irections)

1 Definition of the pointing behaviour of oth er parts of the system via the O utline or
via the 3D editor (right -click on the object to be pointed, select "Modify object"
from the context menu, go to the "Kinematic" page and specify the required d e-
grees of freedom/rotation axis/axes and their restrictions, go to the "Pointing"
page and sp ecify the intended pointing direction).

Note that all child objects of an articulated object will be oriented like their parent ob-
ject, unless a different poin ting is specified for parts of the geometry sub  -tree or single
objects which themselves have no child objects.

This section is structured into the following subsections:

1 Bodies. Explains how shapes are connected to each other.

1 Degrees of Freedom : Discusses the maximum allowed movement for bodies.
1 Central Body: How kinematics applies to the central b  ody.
1

Articulated Bodies : How kinematics applies to non -central bodies.
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3.3.1 Bodies

Each body (except the central body) is attached to another body a the so-called parent
body. A body can only be attached to one parent body but a parent body can have
more than one body attached to it.

All bodies are connected to the central body 2 either attached directly, or linked
through other bodies. Therefore the orbital position of the whole system is given when

the orbital position of the central body is specified. Each b ody is attached to its parent
body through a hinge with 0, 1 or 2 rotational degrees of freedom that are used by the
pointing facility to orientate the body in the manner required.

For the central body, the body reference frame is the same as the system re ference
frame. The orbital position of the system is the position of the origin of the central
body reference frame.

The body reference frame of an articulated body is the object reference frame of the
first object of that body, i.e. of the one for which t he kinematic and pointing is spec i-
fied.

3.3.2 Degrees of Freedom

The central body has 3 degrees of freedom. When one pointing vector (and direction) is
specified for the central body, then the central body has one degree of freedom r e-
maining, namely rotation ab out that pointing vector. Specifying one additional poin t-
ing vector fully determines the orientation of the central body in space.

An articulated body may have 0, 1 or 2 rotational degrees of freedom (DoF), for exa m-
ple:
Degrees of Freedom |Properties /Example
(DoF)
0 no relative motion, i.e. rigidly co n-
nected

1 solar array, radiator

2 antenna
Table 3.2: Examples for Degree of Freedom specifications
If satisfaction of the pointing requirements for a body wou Id require an angular pos i-

tion outside the allowed range, the body is rotated to the closest limit and remains
there until a position within the allowed range is r equired.
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