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V. Glossary

Term Description

Application ESABASE application such as e.ghe "Debris" or the "Sunlight"
application.

Eclipse Eclipse is an open source community whose projects are focused
on providing an extensible development platform and application
frameworks for building software. For detailed information refer to
http://www.eclipse.org/ .

ESABASE Unix-based analysis software for various space applications. For
details refer to the ESABASE User Manudb/ .

ESABASE?2 New ESABASE version running on P®ased Windows platforms (to

be distinguished from the "old" Unix -based ESABASE).

Geometric(al) (analysis)

Analysis of a full geometric model.

Georelay

Object pointing keyword: tracking of a GEO satellite.

Non-geometric(al) (analysis)

Analysis of a plate; faster than analysing a full geometrical model.

STEP

Acronym which stands for the Standard for the Exchange of Prod-
uct model data /8/.

VI. List of Abbreviations

Abbrev iation Description

GUI Graphical User Interface

JVM Java Virtual Machine

NASA National Astronautics and Space Administration

OCAF Open CASCADE Application Framework (contains 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 th e help of the following items:

1 The Big Picture Where does ESABASE2 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

ESABASE is a software application (and framework) for space environment anal yses, which play a
vital role in spacecraft mission planning. Currently (201 3), it encompasses Debris/meteoroid /2/, At-
mosphere/ionosphere /3/, Contamination/outgassing /4/ and Sunlight /5/ analyses; with this, it co m-
plements other aspects of mission planning like thermal or power generator design.

In CCN 9, the Debris application was extended to allow the analysis of lunar missions.

The application grew from ESABASEDebris, an application for space debris and micro-meteoroid
impact and damage analysis, which in turn is based on the original ESABASE/Debrisoftware /6/
developed by different companies under ESA contract. ESABASE2dds a modern graphical user inter-
face enabling the user to interactively establish and manipulate three-dimensional spacecraft models
and to display the selected orbit. Analysis results can be displayed by means ofthe colour-coded sur-
faces of the 3D spacecraft model, and by means of various diagrams.

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/Debriand its frame-
work/user interface to the PC platform (Microsoft Windows ) and to create a modern user interface.

From the start, the software architecture has been expressively designed to accommodate further
applications: the solvers outlined in the first paragraph were added, and more modules like e.g. Ra-
diation are to foll ow.

ESABASE?2 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/JFreeChart libraries.
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This software user manual is intended to be read by persons running the program and interpreting or
using the results of ESABASE?2. It containsthe following chapters:

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

1 Chapter 2, Getting Started: How to install, start and use the software, without going into pa r-

ticular solvers (debris, atmosphere, ionosphere).

91 Chapter 3, Mission and Spacecraft Definition How to specify the basics: mission parameters
and spacecraft geometry. Can be re-used with all solvers.
Chapter 4, Solvers Pointers to the solver handbooks, e.g. Debris or Sunlight.
Chapter 5, Troubleshooting. What to do in case of errors.

1.2 Chapter Overview

il
f

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

This user manual refers to ESABASE?2 version 4 .0.0 . Other versions of ESABASE2 (and of course
the original Unix implementation of ESABASIare not covered.

1.3 Problem Reporting

ESABASEZ2 has been extensively tested. However, errors might occur at different layers of the sof-
ware (GUI, business layer, data handling). Aside from the GUI messages, the log files in the
ESABASE2o0gs directory may yield further information .

If a problem cannot be solved, you should contact the ESABASEZeam at etamax space to investi-
gate the issue in detail. Please do not hesitate to visit http://www.esabase2.net for contact informa-

ton.You will also find a problem reporting form in
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2 Getting Started  with ESABASE?2

This chapter describes how you can install and run ESABASE? 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 chap-
ter. It is divided into the following subsections:
1 /nstallation and Start. How to install ESABASEZ2 and start it; you should end with the applica-
tion on your screen.
1 Basic GUI Usage Explanation of the ESABASEZQraphical user interface concept; how to per-
form tasks that are common to all ESABASEZolvers.

2.1 Installation and Start
In this section, you will learn how to inst all and start ESABASE2:

1 Hardware Requirements Just to make sure your PC is sufficiently powerful. Especially large
geometries and many orbital points can be quite taxing.

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

1 Operating Systemn Adaptations. For older operating systems (e.g. Windows 2000), some adap-
tations are necessary in order to run ESABASE2.

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

1 Starting ESABASEZThe different ways to start the application, and details about where your

files are on the harddisk.

2.1.1 Hardware Requirements

Before installing ESABASE?2, yotshould 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 XP Windows 7
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

Nvidia Geforce 9800

Table 2.1:

Hardware Requirements
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2.1.2 Installation

To install ESABASE2unzip the ESABASE2rev.zip archive from the installation DVDto a location of your
choice. We recommend deactivating anti-virus software as its file scanning activities can considerably
slow down the unpacking process.

If you open a Windows Explorer and navigate to the ESABASE2pplication directory, the layout
shown in the following figure will be presented to you:

=) ESABASEZ_4.0.0_2011-03-02
[#-15) components

uﬂ plugins
ui'] release_dlls
=T Salver
=105 ATOMOH
: @ data

=) DEBRIS
- Master2001
#-7) Masterz005

-+ MEMRAC
H-7) Ordemz000
ui‘l streams
H-C7) temp

#-7) workspace
Figure 2-1: ESABASE2 directory tree

In the logs folder, you can find the application log files (named with appl ication start date), useful for
troubleshooting. 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 data tables. Do so at your own risk, and
always keep a backup.

Please do not touch the components, configuration, plugins, and release_dllsfolders. Only look into the
temp directory for curiosity; do not change anyth ing 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 idNindows 2000 SP4, XP SP3Vista SP1or Windows 7. With
some OS versions the fol lowing components may not be present and must then be installed manu-
ally:

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
ESABASEDase directory, as shown in the figurebelow (t hi s i s an exception
components directory” from the previous subsection) .

¥ [Z] README. bxt
| @vcredist_xaﬁ_zﬂﬂg_spz.exe

=-[7) ESABASEZ_4.0,0_2011-03-02
— [T windowsInstaller-KBS54016-v2-x56 exe

=07 components
¢ b install-supplements
HT) Java

ui‘l CpenCascade )

Elﬂ Solver
=05 ATOMOK
ui'l data
) oukput
={_) DEBRIS
-7 Master2001
#-{05) Master2005

----- ) MEMRAC

-7 Ordemz000
ui'l skreams
-7 temp

- workspace

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

Doubleclick windowsinstaller-KB884016v2-x86.exe and follow the instructions. Then repeat the same
procedure for vcredist x86 2009 sp2.exe Your system is now equipped with the newest version of cen-
tral DLLs used by ESABASE2.
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2.1.4 Upgrade

If you are a first -time user of ESABASEZ2, you can safely skip this chapter. If you are upgrading, the
following hints may be useful for you.

The new installation is in a separate directory from your old installation. It is possible to have severa |
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 workspace direc-
tory 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.

Individual projects can be imported also, by copying the project folder or files to the existing work-
space directory. After starting the application the project files should be visible.

Please note that with ESABASE?2 version 2.0.0, a new file storing format has been intraduced. 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 ESABASE?2 version4.0.0 will not be readable by
ESABASE?2 version 1.4.2lt is always possible that a file of an older version can be imported and used
in a newer version of an application but not vice versa.
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2.1.5 Start ing ESABASE2

To launch the ESABASE2pplication, double-click the file esabase2.exein the application directory.

A splash screen will appearto accompany the loading process, after which the main GU will become
visible on screen, as illustrated by the following screenshot.

& ESABASE2 s |
Fle Edi tindow  elp

4 Resetperspsctive (@~ O O~ @ - o
(EJ ESABASEZ Explorer o &

#-1= stomox_testing — — —
% comova_testing £ T aga 8 22 [(v/k (oo m« N[ AE
-1 debris_testing
=12 import_testing
| EE tesi_bas
B e 0 sty
| B D2 brem
B te_03_hubble
| B te 04_rosat
(| ROSAT
. BR Rosat
| EE teststp
-1 sunlight_testing
1= zoological_testing

=3 B cryosat_geometry = RosaT

5= Outiine

= 1 Geomhods!
(2] Configuration
& SETTINGS
=T System
- STATE_1
=-T1 ROSAT
w0 STATE1
#- 71 Transitionddapter Geomety
=1 [Eentaibiody
| B STATE_1
1 [ Companmenti(+)
| (B} CompartmentBI()
-1 XRTFront
-7 wFC
#-T Solaturay
-7 StarTracker
18] KR Cover

w18l Boam

=] Properties | (B9 Consols

Figure 2-3: ESABASE2 user interface

You will notice that the GUI consists of multiple sub-windows (called "views"). In the fi gure above, the
left column consists of an "ESABASEZExplorer" and an "Outline"; to the right , most of the place is
taken by a spacecraft geometry editor; and at the bottom, 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 ESABASE2
workflow, in the following steps:
1 GUI Overview: Explains the contents of each view within the application, and its purposes.
1 GUI Adaptation. How to customise the view arrangement to suit your informational needs.
1 Project organisatiorr. How to create and organise projects and geometry, mission and solver
files.

2.2 Basic GUI Usage

2.2.1 GUI Overview

This subsection will give you an overview of the main GUI parts, enumerated from 1 to 6 in the fo |-
lowing figure.

{3 ESABASEZ
File Edit MWindow - Help

i~ E @ @~  Resstperspecive Q- L= .
{EJ) ESABASER Explorer 57 o B Y 7O || erosar 2 =
#-{=F atomox_testing @
’ . |

#-1= debris_testing = 1 =8 b=t @ = o b \‘ ﬂ a|a . ‘ H
=11 import_testing
(5 be_01_stw

# (= bo_02_brem

#-[= tc_03_hubble
=h-= tc_04_rosat
[2] rosaT

B8 rosar

#- 1= stress_testing

5F Outline i3

= ] GeomModel
(Z] configuration
= ‘1| System
-0 STATE_L
= T RosaT
£ STATE_L
1 Infa
| TransitionAdapter
=T [
*Lo STATE_L
1 Infa = Properties 52 T o=
+- T CompartmentA(+) Property Walue
=T ComparkmentBi-¥) biect ID 5
T\ #RTFront Dbjec

T\ wrc Object title CentralBody

mn Solarfrray
:\ StarTracker vl S

Geometry

IR =S AR

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).
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 functionalities.

I The editor area contains an editor for a file (her e, a geometry editor on a ROSATspacecraft
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 Outline 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 applications)
and a "Window" menu, which allows you to customize the GUI both through Perspective settings and
the Preferences. Please see Annex B for déails, and the following figure for overview.
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{2 FSABASE?
File Edit ‘Window - Help

05|~ Q- Reset perspective Q- %o

Figure 2-5:  Menubar and Toolbar

The toolbar contains "New", "Save / Save All' and "Run" buttons. The "New" (project, geometry, mi s-
sion, etc.) entry is explained in section 2.2.3 "Project Organisation"; the "Run" entries apply to the
different Solvers (e.g. Debris, Sunlight, Atmosphere) and are explained in the respective solver hand-
books.

If you hopelessly disarranged the application window, you can press the "Reset Perspective" button as
a last resort. It will restore the standard GUI settings.

The "Next / Prev Change" and "Back" buttons are shortcuts to menu entries. They will be removed in
future versions 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 th e active editor. Please see chapter3 "Mission and
Spacecraft" definition, for details.

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.

{EJ ESABASEZ Explarer £7 =0 B= oyt 53 =5 El Properties &2 ¥ =0
@ | B <.}==’=> = = (] GeomModsl ~ Froperty Value
= atomox_testing (2 Canfiguration Rotation {0.0, 0.0, 0.0}
1= debris_testing =W System RDtat?Dn flags {0, 0,0}
1= import_testing & STATE_L Rotatlor! flags for T n.a.
= b ol _aty =M ROSAT Translation {-0,7050000334857032
= kc_02_brem 0 STATE_L 3 Vector ¢ M
(= tc_03_hubble Ll nfo Vector 5 n.a.
B ke 04 rosat T Transitionadapter Yector & mn.a.
@ ROSAT 2-T antraIBody
& rosar =4 STATE_L
1= stress_testing [:’I ;;:;;es
Z1 POINT
] 1nfo

T CompartmentA{+1) [v] [< ] i [>]
. " PP

Figure 2-6:  Explorer, Outline, Properties view

The Explorer shows the workspace with projects, directories and files; the O utline shows the tree
structure of an open file; and the Properties view shows detailed data entries of one specific node.

In the above example, a ROSAT geometry is shown (see EKplorer). This in turn consists of a tree with
a System and a main body "ROSAT", which has a "CentralBody" with a "STATE_1", describing an
"Axis" (see Outline). To see exactly how the axis is specified, refer to the Properties 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 ESABASE?2 applicaion window. If you
are already familiar with GUI handling of multi -window applications, 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 has a tab with its name, and additional buttons, as shown in the following figure.

= ouine
= ] GeomModel ﬁ
] Configuration
= _-1|| Swskem
L STATE A

=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 maximise it. You can also
maximise a view by double clicking its name tab (left) . By double clicking the tab of an already maxi-
mised view, the size is normalised.

You can also grab the tab and move the view around, and snap it into different positions 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 Perspective" in the menubar.
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2.2.3 Project Organisation
In order to work with ESABASEZ2, you will work with i nput and output files. Both are organised in pr o-
jects. This subsection deals with the following cases:

1 Creating a project

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

1 Moving files around

2.2.3.1 Creating a Project

The first thing to do after starting ESABASE2 s to create a new project (which will contain S/C geom e-
try, 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 following figure will open.

& New Project

Select a wizard —

Wizards;
kvpe Filker bexk
= zeneral

[=-[== Esabasez
=) FSABASEZ Praject

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

On this first page, you can select the type of project; choose "ESABASE?2 Project” (in future versions
of ESABASEZ2, other kinds of project may be possible). Then, click next This will lead to the second
wizard page, illustrated in the following figure:
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{Z New ESABASE2 Project

New ESABASE2 Project
Creake an emply ESABASEZ project,

Project name: | l|al=t= g ) =105

Iz default location

l Einish ” Cancel

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

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

"Finish" button.
When looking at the ESABASE2 Explorer (topleft in the window), you will see that the project has

been created with three default files, shown in the following figure:

{E2) ESABASEZ Explarer ) =8
@ BE ¥
cubesat_project
W debris
m geametry
o 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.
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2.2.3.2 Creating Input Files

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

{2 FSABASE?
#IEY Edit  Window - Help

AR S 17 Project..

Open File. ..

m Geomekry
¥ Mission

% Folder

=" Atmosphere

= Ionosphere

E Debris

Convert Line Delimiters To k| 175 Other..,

= B

Swikch Workspace L |

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 Atmosphere/lono sphere and
Debris.

For each file type, an appropriate wizard will be opened; at the minimum, it will ask you for the fil e-
name and where to save it in the project structure. Import options, if applicable, will also be pr e-
sented here; please see the respective chapters for more information.

All newly created input files are filled with default values, such that you can immediately perform a
solver run with it. This means that with the 3 default files, you could initiate a n ESABASE/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 d o so, right-
click on the project (this will open a context menu, as shown in the following figure) and create a new
folder.

{E)} ESABASEZ Explarer 5 =0 & New Folder =l
P
H= Folder —
2= w .
Create a new folder resource,
- IR = .
H as Go Into
& mi Open in Mew Window g Geametry
&P Mission Enter or select the parent folder:
|=] Copy & Folder cubesat_project
=" Atmosphere
— Delet
5= Qutline &7 X Delete =1 lonosphere 1= cubesat_project
Mawe, ., .
An autling is na W Debris
Renarme
e ] ¢ 1 Other... e issicn and spacecraft
2 Impart,..
& | Refresh
Close Project
Propetties I Finish l [ 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 chosen). Enter a file name and click "Finish".

To create subfolders, repeat the process on the desired parent folder within the ESABASE2 Explorer
(instead of on the project).

To move a file to a different fold er, close any editor operating on the file, and then grab (hold le ft
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 directory, drop the file on the project name.

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

The specifics of mission and geometry files will be explained in the next section 3; Debris and other
solver files will be 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 definitignas
well as a solver-specific input file. In this chapter, you will learn how to sp ecify mission and S/C ge-
ometry, 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 import one from
BAS or STEP files.

1 Kinematics How to supply the S/C geometry with the ability to move its parts, both by rota t-
ing and translating 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). Subsyste ms need kinematics to be able to move.

3.1 Mission

All solvers within ESABASE2 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 follow ing, you will specify a mission in the following steps:

f
f
f
f
f

1

Mission File How to create a hew mission file.

Mission Editor How to specify the orbit, timeframe, and orbital point parameters .

Mission Outline and Properties View How to specify additional parameters (for Expert users
only).

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

Import of INP files . Alternatively, you can import original ESABASE .INP files for the mission
specification.

Orbit Propagator. 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 "File A New A Mission" in the menubar. A wizard as shown in
the following figure will be opened.

L? New ESABASEZ? Mission Object ._. L@ Mew ESABASEZ Mission Object

choose how to generate file New Mission File

Please choose if you want to import: daka or stark with an empty geometry. Choose where to save the new File,

Enter or select the parent folder:

debris_testingftest_urftc_5_01

o=
= te503
=t 504
(&) Create empty file g :E‘:‘Eg
O Import INP* T
=511
(=512
= b 513
=t 514
=F import_testing
I=F stress_testing -~

Filemame: { cubesat_mission]

Figure 3-1: Mission file creation wizard

On the first wizard page, "Create empty file" is selected as d efault; just press the "Next" button. The
second page asks you for the location of the new file (in the figure above, "tc_5_01"), and a file name
(above, "cubesat_mission").

Upon pressing "Finish", a new mission file is created. It has the file ending ".mi ssion", 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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3.1.2 Mission Editor

If the mission editor is not already open, go to the ESABASE2 Explorerview and doubleclick the mis-
sion file (recognisable via the planet-plus-orbit icon). A mission editor will be opened, and the Outline
and Properties view will be updated.

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

2 el
(= ESABASE2 - O
File Edit ‘window Help

Sk Resetperspective ~ M@~ 0~ O @~ *o
(B ESABASE2 Explorer &2 O @ 1000 i3 =0

B = 5V¥5

(>
B =358
[#-[= TC_1020
= TC_1100
(= TC_1200
(= TC_1300
= TC_1310
= TC_1320
= TC_1400
[#-= TC_1600
= TC_1510
[#-(= TC_2000
(= TC_2100

~(Z] Specifications

= % 7 orbit
.A

Central body: |Eaith

Orbit Type: | GEN

Semi-major Axis: |7178.14

| Perigee Alitude: [800.000 |

Eccentricity: |U.El

Apogee Alttude: [800.000 |

Inclination: |3EI.U

RaaN: (0.0

Argument of perigee: |U.D

T e Anomaly: |U.D

Solar time: |7.D

Geographic longitude: |3.D

Time Interval or Number of Orbital Points

-
= — Mission Time
o= Outline &2 8
= B Mission Number of Orbits
o St ™
2] MissionTime
) Panabaions ErdDas B

Time Interval betwsen Orbital Poirts: | 1800.0
Number of Orbital Points : ‘338
= Properties 52 =0
Pioperty Value
< I :) Orbit Data | Wisualization | Graund Tack
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 Outline, and further
below, the "A" (semi-major axis) and other attribu tes in the "Properties” view. On the right side, the
mission editor itself is shown.

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

1 Orbit

1 Misdon Time

1 Time Interval or Number of Orbital Points

Starting with the "Orbit" section, you can choose whether the central body for the mission should be

AEartho or AMoonodo. Please note that @AMoond is onl
When c¢ ho o s i yogcaridianse beitween a predefined geostationary ("GEQ'), a predefined
sun-synchronous ("SSO') or a custom ("GEN") orbit in the first com bobox of the editor. Additionally
the two defined orbitsatthe Sun-Ear t h | i br at I'Lé"h @ o d fLR'ka2edavalable, the
orbital parameters for this orbits cannot beamodi

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

semi-major axis [km|

eccentricity ]0..1]

inclination [deg]

right ascension of the ascending node [deg]

argument of perigee [deg]

true anomaly [deg]

solar time [hours] (SSO, local solar time of ascending node)

geographic longitude [deg] (GEO)

=4 =4 -8 _8_8_a_-42_-9

Semimajor axis (A) and eccentricity (E) can alternatively be defined using apogee altitude and peri-
gee altitude (textfields to the right) . Whenever you leave ("unfocus") one of the latter text fields, A
and E will be re-calculated automatically.

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 number of
orbits. Please note that some solvers (e.g. Debris) will always use number of orbits = 1, ignoring de-
viant input; this is hardcoded into the Debris solver and cannot be changed by ESABASE2.

The last section, "Time Interval or Number of O rbital Points", is used to specify how many orbital
points you want. A higher number of orbital points will increase the accuracy 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 i n-
terval and number of orbital points are not in sync, results may vary depending 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 the orbit generator during the analy sis. This can happen because

the mission editor does not consider perturbations (see 3.1.3) which lead to acceleration or decelera-

tion of the spacecraft. Furthermore f or L1/ L2 orbits only fAinteger oo numb
cepted.

Changes on the data in the textfields of the AOrbit LC
call ed AVitah@Edviewzan d oM @r o u n d(20-view)c Ikydu entarldata outside the

specified interval an error popup window is shown. Additionally the textfield background containing

the wrong data is coloured red. The visualisation tabs are not updated with wrong data inputs.
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3.1.3 Mission Outline and Properties View
Expert users of the original ESABASE may edit further properties usingOutline and Properties view.
The following figure shows the pertinent points in the GUI.

a2y eVl
(5 ESABASE2 - OX
File Edt Window  Help
o Fleset perspective --C-@- o
(B ESARASEZ Explorer 57 = O | d# o 1000 5 =
=% 7 orbit
B = SVS [
-G TC_1000 Central badw: |Earth v‘
e 1000 Orbit Type: | BEN ~]
= TC_1010 o ;
Semimajor s [6778.17 | Peiigee Alitude: 400,030 |

(= TC_1000
(= TC_1100 Eccenticiy: [0.0
- TC_1200
(= TC_1300

Apogee flttude: [400.030 |

Inclinatior: [51.6

&= TC_1310 i Rast: [00 |

= TC 130 Saqument of periges: 110 |

(= TC_1400

= TC 1500 True Anomaly: [0.0 |

= TC_1510 Solar time: [0 |

-2 TC_2000 .

-G TC_2100 v Geographic longitude: |3.El ‘
= = Mission Time
o= Outline &2
= i Mission Number of Orbits:

-1 Ot Start Dater (20085 1 120 20 -] []

£ Missiskingg

. EndDate: (20095 6 2120 00 <[]
(0 Sheeteanths Time Interval or Number of Orbital Points
Time Interval between Orbital Points: ‘1BUU.U ‘
Number of Ortital Poirts - [3m |

| Propetties ©2 ~ =0
Propety allie B

Air drag @

Earth \ L

Moon 0 T

Solar activity 5

Solar radiation
Sun

Tesseral harmonics 3
1 > Orbit Data | Yisualization| Ground Tack

Air drag parameter

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

Select the "Perturbations” 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 parameter

1 Wibspr solar radiation pressure parameter

1 Sun flag to include the gravitational pertur bations caused by the sun

1 Moon flag to include the gravitational pertur bations caused by the moon

1 Earth flag to include the gravitational perturbations caused by the Earth

1 Kzonal number of zonal harmonics 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 Atmosphere, 1965) &
mospheric density model (O=very low so lar activity, 10=extremely high solar
activity).

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.
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2 ESABASE2
File Edit Window Help

T v Q ' Reset perspective O > =]
{EJ ESABASE2 Explorer 57 = 0| @ ss0 &3
& 350 ~

E cube_DS_SS0_ref

ﬂ cube_multiwall

g cube_singlewall

S result-2009-05-07 18.04.23
(= tc_5_02
#H-(= tc_5_03
# [t 5 04 b

< | >

5% outline £2
= @Iﬁ Mission
(1 Orbit
#- (] MissionTime
1 Perturbations
(] specifications

=1 Properties 22

Property Value

Orbit Dfta | Visualization

Figure 3-4: Mission Editor, Visualisation 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 equa torial plane is shown in faint white.
At the top of the editor, you see a toolbar 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.

Pl ease note that this view is not available when
tab.
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3.1.5 Ground Track

The " Ground Track" view is second possibilit to Vvisu
{2 ESABASE2 e -

File Edit Window Help

- Reset perspective

2 0-C-Q-

¥l TR R

(&) EsnBAsEZ Explorer 17 | =

& mission

| debris-result-2011-08-17 10.42.47 | & LEO

| & Molniva £

s B% "~
(= = Example
(#-(= ListingFiles

- 155
@ LEO
- Molniya

- a atmosphere
-7 comova
B debrisresul-2011-0817 10.42.47
- debris

geometry
- e ionosphere
@ mission

sunlight

B outine 52 l

g Mission

(2 Orbit
(7] MissionTime
(2] Perturbations
(] Output
(] Specifications
(] Step

90

Molniya

a0

70 5

60

50
40 8

30

LONGITUDE
= o

LATITUDE

® Revolution 1 Revolution 2

Orbit Data iVisuaIizakiolQ Ground Tack | )
i —

Figure 3-5:  Mission Editor, Ground track page

The "Ground TracK' tab is circled in red. In the 2D view, you see the orbit as a ground track, coloured
in green and blue. Different colours stand for differe nt revolutions as shown in the legend. In the
background you can choose between pictures of the earth or shore lines. The equator is highlighted in
light grey. Near the orbit hourly time steps are placed.

On right mouse click you can open a popup menu to change for example the title or the axis range of

the chart. Further options are the switch the legend, time steps or gridlines on or off.
On left mouse click you can zoom in the chart. To rebuild to initial view there is an option in the

popup menu.
You have alsothe optionto save t he chart as dilaformmmage in the #.
Pl ease note that this view is not available when
tab.
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3.1.6 Import of INP  Files

& New ESABASEZ2 Mission Object

Choose how to generate file
Flease choose if vou want to import data or skart with an empty geometry,
() Create empty file
(&) Impart | IHP*

qemax 1

Users of the original ESABASE can rause their mission specifications by importing .INP* files. Select
"File A New A Mission" in the menubar and the wizard shown in the following figure will appear.

& New ESABASEZ Mission Object

Select files to import

Please select a file to import using the browse button,

2 and Open Frontier Development! Software) Importable Files\INP-Files\BOKS, INPDEE

Figure 3-6:  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 p roject.

Upon pressing "Finish", the file will be created and the mission editor for it will be opened.
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3.1.7 Trajectory File
As an alternative to a mission file, it is also possible to use so-called trajectory files to define a set of
state vectors to define an orbit.

A trajectory file is an ASCII based text file with the ending trajectory . An example file is displayed
in Figure 3-7.
R A T T e
* Example trajectory file.
Head defines the coordinate system and the epoch format:
Possible origin bodies: (currently)
Earth
Origin is optional, if it is missing, Earth is assuwed to be the origin body
Possible target bodies: (currently)
Earth
Hoon

Possible coordinate system:
ECI: Earth Centered Inertial (EMEZO00)
LCI: Lunar Centered Inertial (Moon JzZ0O00) Mean pole (=),
IAD node of JZ000.0 (x) System
Possible epoch format:
MID: Modified Julian Day 1350
UTC: CCSDS ASCIT time code L: FYYYT-MM-DDThhi:rm:ss.d-»d

Body provides the state wvectors with appropriate epoch
Format: epoch X ¥ Z X dot ¥_dot Z_dot
L L e e e ]

I

Origin: Earth
Target: Earth
Coordinates: ECI

Epoch: MJD

L e e T

$$BEGIN

23345.00000000 6778, 140000000000 0.000000000000E+00 0.000000000000E+00 0.000000000000E+00 4.763311364744 6.009803255004
23345.00803472 4790.555931407092 2976.730920346020 3754. 522959103103 -5.4275505598326 3.367064285564 4.243334186176
23345.01606944 —-4.957103210008 4209.151451932076 5302.945373229048 =7.670596426697 -0.922875698557E-03 -0.0147630911598
23345.02410417 —-4796.570230341734 2974.0531411873358 3734.181735055230 -5.414156716544 -3.374132441z261 -4.271454356695
23345.032135889 —-B7E6.522140421070 -5.814993674923 -35.128124323732 0.037419553054 —4.771399704377 -6.019572793309
23345.04017361 -4749.572465879867 —2966.5370002376R5 -37853.717300211380 5.4667A5T76EE39 -3.360031452636 -4.214953005963
23345.043820333 60.790730355524 -4z09.235301403956 -5302. 686766193330 7.670112099550 0.015709646514 0.064632753908
23345.05624308 4836. 7529261932589 -2964. 606413006576 -3704.508445672707 5.374732432089 3.380857529556 4.2599068333662
23345.06427778 6778, 140000000000 0.000000000000E+00 0.000000000000E+00 0.000000000000E+00 4.763311364744 6.009803255004
$4END

Figure 3-7:  Trajectory File

You can create this file via the context menu of a project or folder within a project: New -> Other ->
File, then press fiNextd and enter a name for the file (e. g. transfer.trajectory ). Please note
that the file must have the appropriate extension, otherwise it will not be reco gnized by the Analysis
Wizard and cannot be chosen for an analysis.
It is also possible to create and edit the file w ith the text editor you prefer, to save the file to disk with
this editor, and use drag and drop to move it into the folder of your ESABASE?2 project in the
ESABASE?2 explorer.
Certain syntax must be matched in order to allow ESABASE2 to use the file for an analysis:

- Origin: The origin defines the central body from which the mission specified by the trajectory

file originates. It can be omitted, and i f you do this, therdefault v
nally. The second valid option is to define it, a
- Target: Like origin, fAEartho and fAMoonodo are viabl
this parameter has to be specified. Addi ti onally AL10 and fiL20 are avsze

note that AL10 and AL20 requires AEartho as origi
- Coordinates: It is necessary to define the coordinate system used for the supplied state ve c-
tors. AECI O and ALCIO can be chosen.
- Epoch: This option must also be specified. It defines the epoch format, and valid options are
AMIDO and AUTCO.
- For each supplied state vector, one line shall be used.
- The section in which the state vectors are defined shall be started with the $$BEGIN tag, and
should end with $$END.
- The format of t hepoclsXYaZtXedotwedotZ alots i 6. A

Please note that trajectory files can only be used for the Debris application. This mechanism does not
work for any other application. For more details on how to use the trajectory file, see /2/.
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3.1.8 Orbit Propagator
This subsection describes details of how orbital points are calculated from the mission specification. It
is particularly interesting to original ESABASE users. The subseiion is structured as follows:
1 /ntroduction to SAPRE Description of the SAPRE orbit propagator.
1 Restrictions of SAPREEXxplains limitations of SAPRE.
1 /nput Parameters for Sapre. Describes how SAPRE views the input parameters in the mission
editor.

3.1.8.1 Introd uction 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 generating this information in a sta n-
dard form, an orbit generator is pr ovided with ESABASEZ2. 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 osculating orbital elements. It is a general purpose orbit
generator, and may be used for close earth orbits, geostationary orbits, or highly eccentric orbits. It
was also extended to allow the use for lunar orbits. Facilities exist for taking into account the first few
harmonics of the earth's respec t i v e dvivitiodakfield, perturba tions due to the Sun's and
Moon's (forEarth) r e s pect i ve E a gravitydislds,(aif drag ( foi BEaotim ysing the CIRA at-
mospheric density model 1965) and solar radiation pressure (for Earth).

The input to SAPRE is the orbit specified via the mission editor. The orbital elements are specified in a
standard format, and control parameters and details of perturbing influences to be modelled ca n be
specified in the respective "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 spacecraft at specified intervals, and
also upon eclipse entry and exit. This information is read by the appli cations requiring orbital inform a-
tion. SAPRE also generates an ASCII report file which can be displayed on the result file "Listings”
page, but is also available in the "ListingFiles" 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 longterm behaviour of the orbit
itself. The restrictions on the program are discussed in greater detail in s ection 3.1.8.2 below.
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3.1.8.2 Restrictions of SAPRE

There are a number of restrictions which should be kept in mind when using the orbit generator.
SAPRE does notorrectly handle orbital inclinations approaching zero. For this reason a minimum
inclination of 1E-3 degrees is enforced on input. If the inclination falls below this value at any stage,
the program may fail. Thus an orbit exactly in the equatorial plane cannot be modelled. This is most
likely to affect a geostationary orbit, where the above restriction requires the orbit to oscillate at least
700 m from the equatorial plane.

The user may include the effects of harmonics of the earth's gravitational potential by specif ying how
many zonal and tesseral harmonics to include (see KZONAL and KTESS below). However sectoral
harmonics are not included and may not be modelled. These terms (with the symmetry of the se g-
ments of an orange) are often not important, as during one com plete orbit around the earth the e f-
fects average to zero. Thus in general only small perturbations result with period no greater than one
orbit. But for a geosynchronous orbit, which stays within a limited range of geographic longitudes, this
is not the case. In fact the first sectoral harmonic (322 and K22), corresponding to the ellipticity of the
equator, is the major perturbing influence for a geostationary satellite, producing 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 results will be a fair approximation.
There is no sectoral harmonics restriction for the lunar orbits.

SAPRE is extended to calculate state vectos for objects at Sun-Earth libration points L1/L2 based on
simplifications. This does not follow the usual propagation of SAPRE, but calculates the position vector
by trimming the Earth -Sun vector with the factor 0.01, resulting in the ca. 1.5 Mio km L1/L2 distance,
for L1 and additionally inverting the vector if L2 is calculated. The velocity vector calculation is based
on the suggestion that L1/L2 orbits are circular around Earth and have a period of one year. The state
vector is the combination of the po sition and the velocity vector.

Due to the fix definition s of the L1/L2 orbits they cannot be customised, and thus the input (orbit)
parameter of SAPRE have no influence of the L1/L2 orbit estimations.
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3.1.8.3 Input Parameters

for SAPRE

The following table provides an overview of the orbital parameters used to specify 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 apogee
= apogee radius minus the celes t i a | radiasd
Re (Earth: 6378.165 km, Moon: 1738 km).

hper real |20 altitude of perigee [km]. Note: altitude of perigee
= perigee radius minusthe c e | e st i mdiusb
Re (Earth: 6378.165 km, Moon: 1738 km).

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

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

incl real |0.001 ¢ INCL < 180 |orbital inclination [deg].

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

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

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

Table 3.1: Orbit input parameters

Please rote 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.

The parameters of the solar radiation pressure and the atmospheric drag can be modified in the r e-
AOut i
the both parameters in mind. These definitions are provided in /11/.
The solar radiation pressure parameter is defined as:

spective

Solar_ Radiation=0.45100 2 &

neo

A

where Kis the material parameter:
K= 11 gamma+ rho
K= 11 gamma

K= 2
K=1
K= 1.44

to

plate

consider the corresponding

sphere

plate with perfect specular reflection

sphere with perfect specular reflection or perfect absorption
sphere with perfect diffuse reflection

rho and gamma are the reflectivity and the transitivity of the satellite.

A[m?] is the total reflectivity area of the object, for the spherical s atellites it is the cross sectional
area. M[kq] is the mass of the satellite.

The atmospheric drag parameter is defined as:

Atmosphei_Drag=0.5Q0° @,

A

Where ¢, [-] is the drag coefficient, A[m?] is the cross sectional area of the satellite and M[kg]isth e
mass of the satellite.
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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 geometry in a CAD way, using the geometry editor. It is structured into the following subse c-

tions:

f
f
f
f
f
f

1

Geometry File How to create a new geometry.

Geometry Viewing How to navigate around the geometry editor.

Geometry Editing How to add and modify geometrical elements .

Geometry Outline and Properties View Describes the tree structure of the geometrical model
as an alternative view on the data.

Boolean Operations How to perform Boolean Operations.

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

GDML Export How to export geometry structures into GDML format.

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 geom e-
try 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 : 2 New ESABASEZ Geometry Object
Choose how to generate file New Geometry File
Please choose if you want ko import data or skart with an empty geometry. Choose where to save the new file.
= =

Enter or select the parent folder;
debris_testing/test_urftc_5_01

I

=
=t 503
(= tc_5_04
(%) Create empty file = te 5_08
O Import BAS =509
) Import STER Etcs 1o
=t 511
=t 512
(= tc 513
(= tc_5_14
1= import_testing
= stress_testing

Filename{ | cubesat_geomstry

™~

Figure 3-8:  Geometry file creation wizard

On the first wizard page, keep "Create empty file" as option and press "Next". The second page asks
for the new file's location (above: "tc_5 01") and n ame (above: "cubesat_geometry", without file
ending).

Upon pressing "Finish”, the geometry file will be created and the geometry editor opened. Geometry
files have the file ending ".geometry", which is neither shown in the ESABASE2 Explorer nor specified
by you in the wizard.
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3.2.2 Geometry Viewing

{2 ESABASE2
Fie Edt Window Help

(&) ESABASEZ Explorer 52
B+ Evample

B s

atom_testing
comova_testing
debris_testing
1= import_testing
B2 sunlight_testing
= zoological_testing

5% Outline 52

B (] GeamModel
: (] Configuration
27 Settings
71 spstem

il Reset perspective

G-Q-C-Q-

B % 7 T 0 B cubesat_geomety 3

o

-

Gieometiy

Figure 3-9:

s

989 000§

=] Propetties | {3 Console ©7

= L
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If the geometry editor is not yet open, doubleclick on a geometry file in the ESABASE2 explorer. This
will open the geometry editor, as shown in the following figure.

v(kj[ojo @ W[ A

Geometry editor, empty file

Cone

Cylinder

Disc

saom>~e/

Ellipsoid

Parabole

Fipe

Plate

Prism

Sphere

Surface

Tank

Tetrahedran

Tarus

Trapezoid

Truss

-
-
-
>

L]
q

&
&

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

ties view.

On the right side, you see a blank screen, as there are no shapes created yet. At the top of the editor

(directly under the "cubesat_geometry" tab), you see a toolbar to manipulate 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 following 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.

The following figure 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 object numbers.
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Figure 3-10: Geometry editor, first box

The box can be viewed in two different modes: Unmeshed and meshed. The unmeshed view is the

default setting when creating a new geometr y. It displays the shape as 3D object. This view is con-

venient for constructing the spacecraftds geometry, a
fast. However, to use the geometry with a solver, a mesh needs to be applied to the geometry. Mes h-

ing and its parameters are handled in another chapter, but to view the mesh, one needs to toggle the

meshed view by using the button depicted below.

Figure 3-11: Geometry button, Toolbar (right side), Mesh button
If this view is chosen for our box, the editor will display the following view:
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