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Title: PC Version of Debris Impact Analysis Tool

Duration: 2003-01-03 — 2006-03-31
> Initial Study + CCN to include new debris models

ESA Technical Officer: Gerhard Drolshagen

« Study Team:
> Prime Contractor: eta_max space H. Sdunnus,
2o K.D. Bunte,
ot A. Langwost,
Z%X D. Gunia,
K. Ruhl

(S. Hauptmann)
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« Motivation [ |
. . . S
> Ageing Space Environment Analysis Tools . 0
— Platform dependence e
— Cumbersome user interfaces ~\.,
— Restricted data models s \33\ M
— Undefined or non-existent interfaces to external tools "'l.\ 1 A M
— Unsatisfactory pre- and post-processing capabilities =
— Serious constraints of their acceptance and availability e B I
s 2000 4 HEZ I
(ESABASE;..) (1 E—
oy @ @@ = 0011
1 T

> ESA Study

 Result

l

“Porting of the existing ESABASE/Debris Application to PC platform®
Usage of off-the-shelf (OTS) tools and Open Source software
Provision of Open Interfaces (STEP)

> ESABASEZ2 = Open Frontier framework + ESABASE/Debris solver
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ESABASEZ2 Overview
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7
File Utils

ESABASE/FRAMELCORE 5,2

-r Syztem File 3

Material File:

= Command File &

Orbit File 3

Print Step

Cancel I
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ESABASE2 Concept
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User Input Acquisition Application of Models

» Satellite Model e “General Services”

» Geometry * Orbit Propagation
» Kinematics * Meshing
* Pointing » Ray Tracing
» Mission | * Physical Model(s)
* Orbit » Debris & Meteoroids
e Duration

» Radiation

 Manoeuvres
» Solver Parameters
* Debris
* Other

Analysis of Results

* Results Visualisation
» 2D Charts
« 3D Chart
« Mapping to geometry
* File viewing

» Post-Processing

» Report Generation
» Export to office tools

ESA/ESTEC Contract 16852/02/NL/JA PC Version of Debris Impact Analysis Tool
Final Presentation, 15 March 2006, ESTEC, Noordwijk, The Netherlands

page 8



A ESABASE2 Components
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- GUI - Eclipse (CPL) "i*";;*j; =

> full availability to the features of the Java Standard Widget Toolkit (SWT) .
— Window management
— File handling

> Offers a “Plugin Model”

* Model Builder/Viewer - Open Cascade (GPL like license)
> Open Source CAD library
> available on PC and other platforms (Windows, Linux, Solaris)
> Interfaces: STEP (AP 203 and 214;[209]), IGES and others

----------------------

- Visualisation > VisAD (LGPL) |
» Java component library for interactive and collaborative visualisation and = '+~ =
analysis of numerical data e 3 3 |

* Reporting > JFreeReport (LGPL)
> JFreeReport is used to display formatted data tables and analysis reports| '
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Handling

Editor Are

a

» Dedicated editors
for specific purposes

eta_max space

Project Explorer

« List of currently
open projects

« List of available
project files,
organised in project

directories

Outline

 Structured, generic
visualisation of
selected data file

Property Editor

» Generic editing of
data model content
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: PC ESABASE

File Edit  window

[ i - 15 -

& Esabase Explorer 52 I

R 2 |

K

==+ Examples
] ATv@station_apz14CD
W debris
B geomstry
NA by Kugel_apz14CD
<. mir -
o mission
"2
B3
B e o opienome =
e I
=T System -
B STATE_L
C1 Info
BT OBJECT_1
- T\ OBJECT 2
B
E

v
Bl
Bl i
3
B
BT\ OBECT_S
- T\ OBJECT_10 [
= Properties 52 » =08
Propert: | value
Absoluts ID OBJECT_0/OBIECT 4
i 4
Label OBJECT_4
OBJECTTITLE CYLINDER
TOF _Label I su.8s3,85tec. Bsabase2

A~

o “loagnoed 8|lge |5k

< | |

W deb

Mod

e
Analysis T)pe: |debris analysis =

Debris Modl: [HasAge +| Edt
Gruen 7] [Edi
I~ streams Edit

Ray Tracing

« Geometry editing
* Input acquisition
* Results visualisation

|

Lower particle | 0.0010 |
Upper particls [ 10000.0 [em]

Fin, crater [0.0010 [em]

Min, eject | 0.0010 [cm]

Primary | 100 Secondary |0

Damage Model

Failure Equation

" Single Wall: |Thick Plate | Edit
€ muliwall  [EsaDouble x| Edit

@ Use geometry

Secondary |0

Damage Equation

© Crater Size: |Thick Plate |  Edit
© dlearHole: [VMaiden x| Edit
" Advanced Hole: minum = | Edit

@ Use Geometry | Adv, Hole

Debris [ Ground Test | Non Geometric Analysis |

Geometry |
QROSMKI (|
o loagnoad g|ler bk 0w

¥ mission 23 I (=]
Orhit
orbit Type: [EN -
Semi-maor fods: [6778.07 | [km]  Periges Altiuds: [400.1700000000001 | [ksn]
Eceertricity: [0.0 [ Apogee Atiude; [400.1700000000001 | k]

Indnation: [516 | [ced]

Right Ascension: [356.68 | [deg]
Arqument of periges: [00  [deq]
True Anamaly: lIJIJ— [dea]

Mission Time

Start Date: |2004-3 -21 ab 12:0 h -1 s Iz‘
EndDate: |2005-3 -21 &b 12:0 h -1 s lz‘

Orbital Points

Time Inkerval: | 1800.0 [sec]

Mumber of Points: I 1.0

Geometry |

Orbit Data [ Visualization |

Bt | AD@ ¥ £ @ L0 || Bosto. | @hese .| Eesb. | oo | Dcocs

| Bverkn... | Byiera...| Soute.. | Byae-.. |[uReces. Yercie..| [QEEG E 14s2
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Debris Models

NASA 90
NASA 96
MASTER 2001
ORDEM 2000

Secondary Ejecta

yes

Design Equations

Meteoroid Models

Sporadics

Grin
Cour-Palais
Divine-Staubach

Single Wall
Multiple Wall

Commonly used
equations are selectable
Generic equations with
user-editable parameters
are available.

Streams

Jenniskens

Advanced
(directional effects
of the sporadic

Apex Enhancement
a, (3 separation
Interstellar Sources

Damage Equations

component)
Velocity | HRMP (also altitude
Distribution dependant)
Kessler

Craterisation
Clear Hole
Advanced Hole

Commonly used
equations are selectable
Generic equations with
user-editable parameters
are available.
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Hands-on Presentation

ESA/ESTEC Contract 16852/02/NL/JA PC Version of Debris Impact Analysis Tool
Final Presentation, 15 March 2006, ESTEC, Noordwijk, The Netherlands page 12



A Overview GUI
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#= Esabase 2005 - Mission Editor - Eclipse Platform o] x|
File Edit Mavigate Search Project Window Help
= - T Tool Bar

B || 25! Mavigatar * X # Mission Editor X

| EE [5][ 1] [als]slelsla]e] (3] Y o/

o2 <D AEREE|EEEEEEEREE
] .project P

ﬁ atyw.geomekry
£a5 inkelsat,geometry
4 LEC mission

[@& standard.analysis
@ standard.debris

Explorer View | Custom Editor

EE o ! X

=] Mission

Starttime Orhit Data | Yisualization
Endtime
Perturbations [=] Properties = v X Ei_?EWUV Log % / Q> £
Cukput Propetty | Yalue | ! | Message | Flug-in | Dake |
Specifications A a000.0
D ARGPER 49.0
Step E 0,05

. . IMCL 55.0

Outline View o> Error View
RAAN 90.0

Sl TTRA =
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£= Esabase 2005 - Mission Editor - Eclipse Platform
File Edit Mavigate Search Project Window Help

=lol x|

| 2]l -

-

|7 |85

— || List of available
data files,
organised in
project
directories

Project Explorer |

Outline
Structured,
generic
visualisation
of selected
data file

Editor area
Displays the appropriate editor for the opened file

OrDIE TIaES [VIsOanZarion |

Property Explorer |

Console

Generic editing
of data
model content

Display of analyser output
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e

« Graphical

| = 5 7 7B Eresut-1003.2005.. | ESresub-10.03.2006... | M sprerez 57 | BN fresub10.03.200.. | ESresub-10.0352005.. | EMcone |77 =

T 2 oo @les sko o als/l A

geometry-builder

. .
» Possible import- :
B
o
f N Y BOx
Orl I la S . BOXSOLARll Choose shape Size' Meshing Position & Attitude Kinematic Pointing Debris

kg Cone

: New Sphere I

SPHERE SIZE

:sulk-10,03,2006 15.27.20

K';.é debris.std Object Name: | OBIECT_L
B8 oG
B2 result-10.03.2006 15.15.52 State Mame: | STATE_L of like parent e
[ result-10.03,2006 15.16.31
— AP203 .-
S resul-10.03.2006 15.46.44
= resul-10.03.2006 15.58.47 ™ Truncated
[ resul-10.03.2006 17.33.32
-_ ER§ SPHEREL
B

SPHERE2 i #

pi: |00
> BAS Fre
pa: [0

* Predefined sample . -
angiet: [00 [ded]

shapes (e.g. box, " T
sphere, cone,...)

- D dism: [10000 o]
 Hierarchical

I Ellipsaid base I Segment

relationship o

thick: [o.0 [mm]
= | =
[ Properties 73 | Error [og] ]

between the - '
Ahsolube 10 OBJECT_ O
D 1

. Label System
O e ‘ : S CBIECTTITLE Title
TOF_Label ID eu.

&sa,estec esabase2005. occ.jni, TDF_Label@14ffi1a
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A Mission Editor

el X
eta_max space Richard-Wagner-Str. 1, 38106 Braunschweig Fe £ Hovguo Sendh P Bin Wndon e =
- ."_ — 57 0| @ [ Emannan, | Emenogs., @ |Eoeeose, | Smenome.  @ce | 20
* Input via classical orbital e e e 52

P—— T PR— T

7y

elements or apogee /

perigee
* |nput of no. orbital points e
or time between the | | e
Orbit visualisation i e v e e e e
including orbital point E—
visualisation '

»

eyt worksgacr PVELAL mission

* Pre-defined Sun-
synchronous and
geostationary orbits

=) Perturbaturn
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=lalx]
. g Fle Edt Navigste Search Project Run ‘window Hel
» Possibility to select I o jas 14 5
e 8RN
H P Esabase Explorer I8 =0 | | & a1 ‘ [E result-10.03.2006. ‘ [ resut-10.03.2006... |E*SPHEREz |E ***** It-10.03.200. .. ‘ [ result-10.03.2006. \g@na ‘ S =
between different | e
intelsat
debris/meteoroid models ¢ e it L
24 Meteorcid Model; [2ruen = EI 1in, crater diameter: [ 0,000 [em]
a n d d iffe re nt g ——— ﬂl Min, eject fragments: [0.0000  [cm]
. . Hayiliacing O =
damage/failure equations o [ =
DamageMouel
» Ground-test option to el ] e
Sl LR ) o
H H S sererel - € Wi wall: o =] (et ke
verify damage/failure i= = B
. € Use Usersubroutine Paint ﬂaZes {historic population only) 1=
eq u atl O n S Cutoff angle: 90,0 nlyy
Bowne | =@ " Znsmt,—j
H H - ':"35"”; iin for constent densey [ofema] [27
« Non-geometrical analysis | i T
for all debris/meteoroid
models available
Debris | Ground Test | Hon Geometric Analysis|
. s . = Properties 53 |EerrLug| ]
* Possibility to implement a - '
user defined damage-
equation
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' ESABASEZ - result-10.03.2006 15.27.20 - =8l =]
ile  Edi avigate Search  Project un indow  Hell
« 3-Dcolouroverlay  ©m*™orirmnis
On the geometw l_;:h:es;:me pxd :'S WY *debris std Tl T E recut-10.03.2006... R #spHeRe2 = #resuit-10.03.200... E result-10.03. 2006, ., B8 cone 7% =0
. o = ‘e 0080 §|n v |ols |l
for different types =n
& sty
of results (e.g. flux, £ e
. . e
impact velocity, - E.
— Cone
. W debris.std
B oame
impact angle,...) e
- result-10.03.2006 15.46.44
« Alegend assigns e s 1
SPHEREL
element colours to =
result values -
T et
« Possibility to S
. B s
display
. #- (2] arbitalpoint_3
coordinates and > Doty

Cg |
-] ORBITALARCRES
-] MISSIONRES

pointing

[ Propet

Property

rtiss 22 | Error Log

Mokes | Skatus | Listings | 30 Resulks | 2D Results

Value

information
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» Different possibilities
to visualise results

« 2-D Charts
* Reports

» Export options for
graphs and 3-D
images

Richard-Wagner-Str. 1, 38106 Braunschweig

| ESABASEZ - result-10.03.2006 15.27.20 -

File Edit Mavigste Search Project Run Window Help
[ Jo- Q-]+ |te-
Hled D

=lalxi

® Esabase Bxglorer 33 | =8
=

A E= result-10,03.2006. ..

‘E *SPHERE2 ‘ F= *result-10,03.200...

‘ [ result-10,03,2006...

|g Cone | 3 =8

Show Report

1 intelsat
£ 2 PME
(= debris
(= geometry
£ (= mission
- (= StartingProject
(= test2
@& Al

NASA96 flux vs. azimuth angle

BOX
. B BoxsoLAR1L
LB Cone 80

- W debris,std
B OGIVE B
[ result-10,03,2006 15.15.52
[ result-10,03,2006 15,16.31
ult-10,03,2006 15.27.20
ult-10,03,2006 15.45,44

ult-10,03,2006 15,58,47
[ result-10.03,2006 17.33.32

SPHERE1
SPHEREZ

Flux [1/m*2/yr]

0 outline 32 =0
B3 resboc

“ (07 Execution
(2] Reparts 0
(2 TABDATA

4// L] \—

= cHaRTS
SETTINGS
-] arbitalpoint_1
-] orbitalpaint_2
-] orbitalpoint_3
(] orbitalpoint_4
[#-(_] orbitalpoint_S

Azimuth angle [deg]

—Chart 1

[#-(] ORBITALARCRES

=) ssionmes Hotes | Status | Listings | 30 Results |20 Resuls

=l Properties 3 IErmr an|

Propett:

| value
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laix]

« 2-D Charts available
for the result of each
single element (vs.

® Essbase Explorer 53 | = O || B *result-10.03,2006 154544 33 | O || wdebrisstd | Al B resut-10.03.2006.., 52 | B %spHerez | - a

Result Log

Deb Met ¥

=

B (= StartingProject
b KETol ERE e R R R T
=

- test?

2
H : el * ESABASEZ/Debris, rel. 1.1.0 ESTEC/eta_max ¢
orpbital points o .
BOKSOLARL1 3 :
L ® Debris/Meteoroid Flux and Damage Analy:
. . . 4 debris.std :
* Listing-files for 4 .
[ result-10.03.2006 15.15.52 . .
I resul-10.03,2006 15.16.31 % Current run : Debris only, geometrical snalysis
B result-10.03.200 15.27.20 o Date LEHAR, OF
H [ result-10.03.2008 15.96.44 e R TE
> r I i st TR TR R AR AR TR EN AT AN AR AN TR RO AR TR
B result-10.03. .58,
[ result-10.03.200 17.33.32
|G sprEREL GEOMETRY FILE : C:\ Programe’
H . aSFHEREZ
> Inematlc DEB/MET INFUT FILE: C:Y\ Prograrame’ ¢
ORBITAL FILE : C:\Prag

H H broit Data / $SAPRE Sectionm
> epris/imeteorol T =5 wission year shave 1900, 104
T - “oram———— start wonth of mission, 3
. gebment_lzu;l start day of mission, z1
ﬂux anal Sis 23 clement_i21 T o e i
@l clement 122 start minutes of mission, a
& slement 123 start seconds of mission, o
Gl element 124 altitude of apoges (km), .400E+03
& slement_125 altitude of perigee (lm), .400E+03
® eSu S Or eaC 0 element_128 spacecrafts inclination, 51.600 degrees
& slement 127 nunber of orhits, . 100E+01
. . L3 sfoment 123 time step [secs), . 130E+04
Gl element 129 rigth ascension, 358.023 degrees
Or I a pol n Or a n (0 element_130 argument of perigee, 90.000 degrees
J %E‘E'"e”tfm_l true anomaly, 90.000 degrees
(] element_132
(] element_t33

.
tission / Analysis Section
Or I a arC al l Or e (0 element_134 Mission duration: 1 yrs; O months; O days; O hours;

(] element_135

[=N-1

f= =)

- F10.7 flux at YERR-1, 0.700E40z * E-22 W/M2/Hz
. . & element 136 Bnalysis Mode : GEOM Geometric
Gl element 137 Particle minimum Diameter : 0.100E-02 cm
I I IISSIOn 0 element_138 Particle maximum Dismeter : 0.100E+05 cm

@ eloent 1) Minimum Crater Diameter : 0.100E-0Z cm

] element_140

(] element_141 4] | _'—1
(7] element_142
] element_143 Hotes | Status |Listings | 3D Results | 2D Resuls | L% Hiotes | Status | Listings |30 Results |20 Resules |
(] element_144 ———

a 7 7 =
w2 AlAmARE ]4; - ‘_ Properties 2 | ErrorLog| = ] ‘
Ld T [ | =]
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Summary & Conclusions
Outlook & Future Perspectives
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A Maintenance and Distribution
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*  Distribution
> Copies of the software are available from 01-04-2006
> Interest may be expressed via lists circulated at FP or via website
> Initial distribution by CD (code plus documents), updates via web orCD
> New releases plus release notes will be regularly (every 3 months) issued on the web

* Licensing
> Source code of shell (Open Frontier) is distributed under ESA Open Source License
> Source code of debris module only on request, object code will be distributed
> Maintenance and support contracts are offered by eta_max space

> Class A contracts: Main contractors,
— Automatic updates
— Priority user support at reasonable best effort level
— Yearly Fee: 5K/yr

> Class B contracts: SME’s and Space Agencies
— Automatic updates
— User support at reasonable best effort level
— Yearly Fee: 2.5 Klyr

> Class C contracts: students, universities, research Labs, private persons
— Basic support, no automatic updates
— Forinternal use only, tool not to be used for work for customers which themselves would require a license
— Publication of results only upon acceptance
— Nofee

> Specific customer requests will be handled on a case-by-case base.
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— Summary and Conclusions
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« The Debris module of the former ESABASE application has been integrated
into Open Frontier, an up-to-date PC-based platform based on Open
Source components.

« ESABASEZ2
> is available for PC platforms,

> provides an ergonomic framework for
— user input acquisition,
— post processing,
— result visualisation,
> offers considerable performance enhancements, mainly due to a revised ray
tracing algorithm,
> offers an interface to external CAD tools via STEP (STEP SPE in preparation),
» contains new debris modules (e.g. ORDEM 2K),

> will be distributed and maintained by eta_max space from 01-04-2006 onwards.
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— Outlook and Future Perspectives
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« ESABASEZ2

> Implementation of other, ‘classic’ ESABASE components
— Atomic oxygen
— Radiation

> Further enhancement of the Debris application
— Vulnerability of internal components
— New models (e.g. MASTER 2005)

> Further enhancement of platform
— Optimisation module

* Open Frontier Platform

> May serve as platform also for other solvers, e.g.
— Radiation
— Thermal

> Offers particular advantages due to the fact that different solvers may work on
exactly the same geometry
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