
 

© et amax space GmbH

 

 

 

 

ESABASE2 - Debris 

Software User Manual  
 

 

 

Contract No: 16852/02/NL/JA

Title: PC Version of DEBRIS Impact Analysis Tool

ESA Technical Officer: G. Drolshagen , J. Sørensen

Prime Contractor: etama x space GmbH

Authors: K.Ruhl, K.Bunte

Date: 2009-09-28

Reference: R077-232rep_01_00_Software_User_Manual_Solver_Debris.doc

Revision: 1.0

Status: Final draft

Confident iality:

etamax space GmbH 

Richard-Wagner -Str. 1 

D-38106 Braunschweig  

Germany 

 

Tel.:  +49 (0)531.3802.404 

Fax:  +49 (0)531.3802.401 

email:  esabase2@etamax.de 

http://www.etamax.de  

http://www.etamax.de/


 

 

Date: 2009-09-28 ESABASE2 - Debris

Revision 1.0 Software User Manual

State: Final draft Reference: R077-232rep_01_00_Software_User_Manual_Solver_Debris.doc

Page 2 / 55 etamax space GmbH . Richard -Wagner -Straße 1 . 38106 Braunschweig 
 

Table of Contents  

Document Information  

I. Release Note  

II. Revision History  

III. Distribution List  

IV. List of References  

V. Glossary  

VI. List of Abbreviations  

VII. List of Figures  

1 Introduction  

2 Debris Solver  

2.1 Debris Geometry  

2.2 Debris Input  

2.2.1 Debris Main Tab  

2.2.2 Debris Ground Test Tab  

2.2.3 Debris Non -Geometric Analysis Tab  

2.3 Debris Analysis  

2.3.1 Geometric Debris Analysis  

2.3.2 Non-geometric Debris Analysis  

2.4 Debris Results  

2.4.1 3D Results  

2.4.2 2D Results  

2.4.3 Listings  

2.4.4 Notes  

 



 

ESABASE2 - Debris Date:       2009-09-28

Software User Manual Revision: 1.0

Reference: R077-232rep_01_00_Software_User_Manual_Solver_Debris.doc State: Final draft

etamax space GmbH . Richard -Wagner -Straße 1 . 38106 Braunschweig Page 3 / 55 

Document Information  

I. Release Note 

Name Function Date Signature

Established by: K.Ruhl Technical Project 

Manager

2009-09-28

Released by: K.D. Bunte Project Manager 2009-09-29  

 

II. Revision History  

Version Date Initials Changed Reason for Revision

0.1 2009-08-03 KR All Split from common ESABASE2 handbook.

0.2 2009-09-22 KR Debris Solver Improved model selection description.

0.9 2009-09-25 KB All Review for Final draft

1.0 2009-09-28 KR All Update after review

 

 

III. Distribution List  

Institution Name Remarks

ESTEC Gerhard  Drolshagen

ESTEC John Sørensen

diverse n/a ESABASE2  licensees 

 



 

 

Date: 2009-09-28 ESABASE2 - Debris

Revision 1.0 Software User Manual

State: Final draft Reference: R077-232rep_01_00_Software_User_Manual_Solver_Debris.doc

Page 4 / 55 etamax space GmbH . Richard -Wagner -Straße 1 . 38106 Braunschweig 
 

IV. List of References 

/1/ K. Ruhl, K.D. Bunte, ESABASE2/Framework software user manual, R077 -230rep, 

ESA/ESTEC Contract 16852/02/NL/JA "PC Version of DEBRIS Impact Analysis 

Tool" , etamax space, 2009 

/2/ A. Gäde, K.D. Bunte, ESABASE2/Debris Technical Description, ESA/ESTEC Contract 

16852/02/NL/JA "PC Version of DEBRIS Impact Analysis Tool" , etamax space, July 

2009 

/3/ ESABASE2 homepage, http://www.esabase2.net/   

/4/ ESABASE User Manual, ESABASE/GEN-UM-070, Issue 1, Mathematics & Software 

Division, ESTEC, March 1994 

/5/ Giunta, I.; Lemcke, C.; Roussel, J.F.; COMOVA 1.1, Technical Description, ESTEC 

Contract No. 12867/98/NL/PA, HTS AG and ONERA, March, 2002 

/6/ Giunta, I.; Lemcke, C.; Roussel, J.F.; COMOVA 1.1.10, Software User Manual, 

ESTEC Contract No. 12867/98/NL/PA, HTS AG and ONERA, October, 2006 

/7/ Borde, J., Sabbathier, G. de, Development of an Improved Atomic Oxygen Anal y-

sis Tool, Software User Manual, S413/NT/19.94, Issue 2, ESTEC Contract 

9558/91/NL/JG, Matra Marconi Space, Toulo use, France, May 1994 

/8/ ESABASE/Sunlight Application Manual, ESABASE/SUN -UM-072, Issue 2, Rel. 2.1, 

ESTEC, Mathematics & Software Division, Noordwijk, The Netherlands, Septe m-

ber 1994 

/9/ Bendisch, J., K.D. Bunte, S. Hauptmann, H. Krag, R. Walker, P. Wegener, and C. 

Wiedemann; Upgrade of the ESA M ASTER Space Debris and Meteoroid Envi-

ronment Model - Final Report, ESA/ESOC Contract 14710/00/D/HK, Sep 2002 

/10/ Bunte, K.D., ESABASE/Debris, Release 3 - Technical Description, ESA/ESTEC Con-

tract 15206/01/NL/ND "Upgrade of ESABASE/Debris", etamax space, Sep 20 02 

/11/ Bunte , K.D, ESABASE/Debris, Release 3 ª Software User Manual , R033_r020, 

ESA/ESTEC Contract 15206/01/NL/ND, etamax space, Sep 2002 

/12/ Cour-Palais, B.G., Meteoroid Environment Model 1969, NASA SP -8013, NASA JSC, 

Houston TX, 1969  

/13/ Divine, N., Five Populations  of Interplanetary Meteoroids, Journal of Geophysical 

Re-search, Vol. 98, No. E9, pp. 17029 ª 17048; September 25, 1993  

/14/ Grün, E., H.A. Zook, H. Fechtig, R.H. Giese, Collisional Balance of the Meteoritic 

Complex, Icarus 62, pp 244 -277, 1985 

/15/ Liou, J.-C., M.J. Matney, P.D. Anz -Meador, D. Kessler, M. Jansen, J.R. Theall; The 

New NASA Orbital Debris Engineering Model ORDEM2000; NASA/TP -2002-

210780, NASA, May 2002 

http://www.esabase2.net/


 

ESABASE2 - Debris Date:       2009-09-28

Software User Manual Revision: 1.0

Reference: R077-232rep_01_00_Software_User_Manual_Solver_Debris.doc State: Final draft

etamax space GmbH . Richard -Wagner -Straße 1 . 38106 Braunschweig Page 5 / 55 

/16/ Kessler, D.J., R.C. Reynolds, P.D. Anz-Meador; Orbital Debris Environment for 

Spacecraft Designed to  Operate in Low Earth Orbit; NASA/TM -100471, NASA, 

1989 

/17/ Kessler, D.J., J. Zhang, M.J. Matney, P. Eichler, R.C. Reynolds; A Computer -based 

Orbital Debris Environment Model for Spacecraft Design and Observations in 

Low Earth Orbit; NASA/TM -104825, NASA, 1996 

/18/ Staubach, P., Numerische Modellierung von Mikrometeoriden und ihre Bede u-

tung für interplanetare Raumsonden und geozentrische Satelliten, Theses at the 

University of Heidelberg, April 1996  

/19/ S. Stabroth, P. Wegener,  H. Klinkrad, MASTER 2005, Software User Ma nual, 

M05/MAS-SUM, 2006. 

/20/ McNamara, H., et al. METEOROID ENGINEERING MODEL (MEM): A meteoroid 

model for the inner solar system  

/21/ PROTECTION MANUAL, Version 3.3, Inter-Agency Space Debris Coordination 

Committee, IADC -04-03, Revision April 04, 2004  

/22/ SWENET, ESA's Space Weather European Network,  since 2004, 

http://www.esa -spaceweather.net/swenet/   

 

http://www.esa-spaceweather.net/swenet/


 

 

Date: 2009-09-28 ESABASE2 - Debris

Revision 1.0 Software User Manual

State: Final draft Reference: R077-232rep_01_00_Software_User_Manual_Solver_Debris.doc

Page 6 / 55 etamax space GmbH . Richard -Wagner -Straße 1 . 38106 Braunschweig 
 

V. Glossary 

Term Description

Ballistic limit The minimum particle diameter which is able to pen e-

trate a given wall configuration .

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 /4/.

ESABASE/Debris ESABASE framework and the debris and meteoroid flux 

and damage anal ysis application.

ESABASE2 New ESABASE version running on PC-based Windows 

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

Geometric(al) (anal ysis) Flux and damage analysis of a full  three -dimensional 

geometric model.

Georelay Object pointing keyword: tracking of a GEO satellite.

Ground test Evaluation of the results of a selected damage  or failure  
equation.

MASTER 2001 ESA's Meteoroid and Space Debris Terrestrial Enviro n-

ment Reference Model. For details refer to the MASTER 

Upgrade Final Report  /5/. ESABASE2/Debris uses the 
MASTER 2001 Standard application.

MASTER 2005 ESA's successor to MASTER 2001; now defined as standard 
application for space debris risk analyses.

NASA90 Simple analytical space debris engineering model esta b-

lished by NASA /16/.

NASA96 / ORDEM96 NASA's space debris engineering model. Successor of 

NASA90 and pr edecessor of ORDEM2000. For details refer 
to the ORDEM96 documentation  /17/.

non -geometric(al) (anal ysis) Flux and damage analysis of a plate, which can be spec i-

fied as a ra ndomly tum bling plate or an oriented plate.

ORDEM2000 NASA's latest space debris enginee ring model. For details 
refer to the ORDEM2000 documentation  /15/.

STEP Acronym which stands for the Sta ndard for the Exchange 

of Pro duct model data.  

 

 

http://www.eclipse.org/


 

ESABASE2 - Debris Date:       2009-09-28

Software User Manual Revision: 1.0

Reference: R077-232rep_01_00_Software_User_Manual_Solver_Debris.doc State: Final draft

etamax space GmbH . Richard -Wagner -Straße 1 . 38106 Braunschweig Page 7 / 55 

VI. List of Abbreviations  

Abbrevi ation Description

GUI Graphical User Interface

JVM Java Virtual Machine

MASTER Meteoroid and Space debris Terrestrial Environment Reference 

(Model)

MLI Multi -layer insulatio n

NASA National Astronautics and Space A dministration

OCAF Open CASCADE Application Framework (co ntains the ESABASE2 data 

model)

ORDEM Orbital Debris Engineering Model

RTP Randomly Tumbling Plate  
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1 Introduction  

ESABASE2 is a software application (and framework) for space environment analyses, 

which play a vital role in spacecraft mission planning. Currently (2009), it encompasses 

Debris/mete oroid /1/, Atmosphere/ionosphere /7/, Contamination/outgassing /5/, /6/ and 

Sunlight /8/ analyses; with this, it complements other as pects of mission planning like 

thermal or power generator d esign. 

The application grew from ESABASE2 /Debris, an application  for space debris and micro -

meteoroid impact and damage analy sis, which in turn is based on the original 

ESABASE/Debris software /4/ develop ed by different companies under ESA contract. 

ESABASE2 adds a modern graphical user interface enabling the user to interactively e s-

tablish and manipulate three -dimensional spacecraft models an d to display the s elected 

orbit. A nalysis 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/Debris and its framework/user interface to the PC platform (Microsoft Wi n-

dows) and to create a modern user interface.  

 

From the start, the software architect ure has been expressively designed to accomm o-

date further applications: the solvers outlined in the first paragraph were added, and 

more modules like e.g. Radiation are to follow.  

ESABASE2 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 libra ries. 

 

This user manual is the Debris handbook . It complements the Framework user ma nual 

/1/, which explains the common functionality of all solvers (e.g. Debris, Sunlight, Atmo s-

phere/Ionosphere, or COMOVA).  
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2 Debris Solver 

After we have specified mission and spacecraft geometry  /1/, the next step is to perform 

space environment analyses with these. One of the available solvers, ESABASE2/Debris, 

performs d ebris and meteoroid  analyses within the framework.  

Four space debris models (NASA90 /16/, ORDEM2000 /15/, MASTER 2001 /11/ and 

MASTER 2005 /19/) as well as three  meteor oid models (Grün /14/, Divine -Staubach /13/, 

/18/, and MEM  /20/) are currently available for  flux and damage analysis.  

For detailed information on the technical background of the space debris and micro -

meteoroid simulation, please refer to the ESABASE2/Debris technical description  /2/. 

 

This debris solver chapter is structured as follows:  

¶ Debris Geometry : Explains debris -specific additions to a S/C geometry.  

¶ Debris Input : Describes the input parameters for Debris and meteoroid  analyses. 

¶ Debris Analysis: How to perform an analysis.  

¶ Debris Results: How to interpret the analysis results.  

 

 

2.1 Debris Geometry  

The geometry editor defines a spacecraft geometry for all solvers available within the 

ESABASE2 framework /1/, including Debris . Solver-specific geometry parameters are de-

fined using special pages in the shape wizard.  

A dedicated Debris page is shown for each shape , allowing you to define the shielding 

configuration  of  any shape (both primary and secondary shielding ). Classic surface ma-

terial properties as defined by the Material page are not interpreted by the Debris solv-

er. 

Please note that the Debris  page is only  available if  ESABASE2/Debris is part of your i n-

stallation (it is also possible to have only ESABASE2/Atmosphere, for example, depen d-

ing on your license) . 
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To see the Debris page, o pen a geometry file, select a shape, then rightclick it and 

choose "Modify Ą Debris" . A wizard page as shown in the figure below will be opened.  

 

Figure 2.1: Geometry editor, Debris  page 

 

On this page, you can define shielding and material parameters that go beyond the M a-

terial page of the shape wizard.  

 

The simplest option is to check the "Inherit parent values" checkbox, which takes over 

all Debris related values from the parent s hape. This is possible for all shapes except the 

central body.  

Below, the shield type can be chosen: Singlewall, multiwall ( specified through double 

wall parameters /21/) or u ser subroutine (only for expert users with Fortran  and/or C++  

experience , see 2.2.1.5). Depending on single/multiwall choice, some fields are enabled 

or disabled.  

In the screenshot above, you see "Singlewall" chosen, and thus material density an d 

thickness of only one shield pla te enabled. If you select "Multiwall" instead, you need 

to specify material density and thickness for the second shield plate  jm ¤]\^f-pk r\gg², 

as well as the spacing b etween both plates.  
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The figure below illustrates the parameters from the Wizard.  

Figure 2.2: Debris shielding parameters  

 

A particle hits the first shield wall, and the effect depends  ª besides the impact velocity, 

the impact angle and particle properties such as its diameter and material density ª on 

the material density and thickness of the wall. The particle is either stopped, or pen e-

trates the wall; it can remain whole or be scattered into smaller pieces due to the i m-

pact. If it penetrates, it travels the spacing between the walls; the same 

stop/penetration/scatter happens with the second wall. Depending on the r emaining 

energy, the particle causes (a) a crater on or (b) a penetration of the device behind the 

wall.  

In a single -wall scenario, the second wall does not exist, and the likeli hood of a crater or 

penetration is consi derably increased.  

A failure equation determines whether a particle penetrates the wall configuration. A 

damage equation determines the size of the crater or hole (depending on no penetr a-

tion/penetration) on the firs t wall (shield).  

More information can be found in the ESABASE2/Debris technical description /2/ and in 

the IADC Protection Manual /21/. 

 

This concludes the Debris specific additions to the geometry file.  
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2.2 Debris Input  

Complementing the Debris parameters bound to the geometry (see previous section), 

the global Debris/ Meteoroid  input parameters  are all specified in the Debris input ed i-

tor. This editor is d ivided into three tabs: 

¶ Debris Main Tab: Specif ies the parameters for the ge ometrical analysis . 

¶ Ground Test  Tab: An efficient  way to test damage equations . 

¶ Non-Geometric Analysis  Tab: Allows a fast guess for the expected flux va lues on 

a specific orbit.  

 

 

2.2.1 Debris Main Tab 

The main tab of the Debris inpu t editor contains four major blocks for specifying ge o-

metrical analysis input p arameters:  

¶ Model selection : Allows you to choose among debris and meteoroid  models, and 

to edit dedicated model parameters.  

¶ Size boundaries : Limits on the type of debris or meteoroid s to be considered in 

the analysis.  

¶ Ray tracing : Defines the accuracy of ray tracing results.  

¶ Damage Model : Defines failure and damage equations for the Debris analysis.  

¶ User Subroutine : How to define your own damage equation in a Fo rtran library.  
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The figure below shows the ESABASE2/Debris main tab  within the Debris input editor.  

 

Figure 2.3: Debris input editor, main tab  

 

At the bottom of the editor, you can see the "Debris", "Ground Test" and "Non -

Geometric Analysis" tabs. This subsection is concerned with the main "Debris" tab.  

In the following, the four sections of the main tab will be explained.  
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2.2.1.1 Model selection  

Your first decision is which debris and meteoroid  models you want to use. The follo w-

ing figure shows the model selection block within the D ebris main tab.  

 

Figure 2.4: Debris input editor, main tab, Model Selection  

 

As a starting point to the Debris analysis, you have the choice between d ebris or met e-

oro id analyses, or both (see first combo -box: "Analysis Type). Depending on your choice, 

the "Debris Model" or " Meteoroid  Model" c oboboxes will be enabled or disabled.  

ESABASE2/Debris provides four Debris models (MASTER 2001, MASTER 2005, ORDEM 

2000, NASA90) and three mete oroid models (Grün, Divine -Staubach, MEM). Most of the 

models accept detailed input parameters: Press the "Edit" button to the right of the 

model combo -boxes. 

Additional  parameters (Stream s, Alpha/Beta Separation, and Apex Enh ancement)  are 

shown below; they are valid only for some models . Details are given in the sections 

2.2.1.1.8, 2.2.1.1.9 and 2.2.1.1.10. 

 

In the following, the available m odels will be described together with their associated 

parameters. This description is necessarily short; a full description can be found in the 

ESABASE2/Debris Technical Description /2/. 
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2.2.1.1.1 Debris model : MASTER 2001 

MASTER 2001 /11/ is the 2001 version of  ESA"n h`o`jmjd_ \i_ nk\^` _`]mdn m`a`m`i^`

model ; it is the forerunner of MASTER 2005 (see next sub subsection). When  you click on 

the "Edit" button, a dialog with MASTER 2001 input parame ters will ope n, as shown in 

the following fi gure.  

 

Figure 2.5: Debris input editor, main tab, Model Selection, MASTER 2001  

 

Apart from the assumed debris density (default: 2.8  g/cm3 as material mix average ), the 

MASTER 2001 model is based on numerical modelling of various population sources , 

which can be included or e xcluded from an analysis.  

¶ Launch and mission related objects:  payloads and satellites, upper stages, su p-

port structures . These are mostly larger, trackabl e objects.  

o Note that the W estford needles experiment  is included as subpopulation  

and cannot be turned off with this flag.  

¶ Fragments (collision and explosion) before reference epoch  (2001-05-01): These 

are known fragment pop ulations.  

¶ NaK droplet releases : coolant droplets released from  Russian RORSAT satellites. 

¶ SRM (solid rocket motor) firing waste products:  

o slag produced in the final firing phase, mostly >  1 mm 

o Alumini um oxid e (Al 203) dust  
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¶ Paint flakes are generated by  surface degradation effects  (mostly sunlight and 

thermal cycling)  

¶ Ejecta are small fragments of the S/C created by the impact of debris or meteo r-

oids. 

¶ Collision (but not explosion) fragments after reference epoch; covers assumed 

collision rate of satellites with other bodies in the future.  

¶ Explosion (but not collision) after reference epoch; covers assumed explosion rate 

of satellites in the f uture.  

 

In the context of the MASTER  2001 model, "reference epoch" or "historic" means dates 

until 200 1-05-01. The "f uture" are dates from 200 1-05-01; note that from there, objects 

< 1 mm are not considered (this also means that paint flakes, ejecta and dust are not 

available, because they are always <  1 mm).  

 

As an example of the effect of the various factors, the figure below shows the cumul a-

tive cross-sectional  debris flux from di f ferent sources on an ISS-like orbit.  

Figure 2.6: Cumulative flux vs. particle diameter for an ISS -like orbit (MASTER 2001)  

 

MASTER 2001 provides realistic yearly population snapshots for the past and the future. 

The flux  calculation is based on the analytic evaluation of the distributions of the size 

and the orbital elements of the particle population (MASTER 2001 Standard applic a-

tion).  

The model considers the population asym metry induced by the asymmetric distribution  

of the particle orbits a rgument of perigee.  



  

ESABASE2 - Debris Date:       2009-09-28

Software User Manual Revision: 1.0

Reference: R077-232rep_01_00_Software_User_Manual_Solver_Debris.doc State: Final draft

etamax space GmbH . Richard -Wagner -Straße 1 . 38106 Braunschweig Page 19 / 55 

 

 

MASTER 2001 covers the entire  altitude  range from LEO to GEO (150 km to 37000 km). 

Within the given altitude range there are no restrictions concern ing the target orb it, so 

that highly eccentric orbits such as GTO can be analysed. 

The MASTER population snapshots are available from year 1980 to 2020. Consequently, 

historic missions (e.g. LDEF) and future missions can be analysed using realistic popul a-

tion sna pshots. 

 

For the future evolution of the space debris environment the following assumptions 

have been a pplied:  

¶ continuation of space activity (launches, explosions, solid rocket motor fi rings) at 

the same rate as in the recent past,  

¶ no new satellite constellations de ployed,  

¶ no implementation of debris mitigation measures.  

 

This corresponds to the MASTER 2001 future refe rence scenario. 
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2.2.1.1.2 Debris model: MASTER 2005 

MASTER 2005 /19/ is @N<"n h`o`jmjd_ \i_ nk\^` debris reference model , and the  succes-

sor of MASTER 2001 (see previous subsubsection). When  you click on the "Edit" button, 

a dialog with MASTER 2005 input parameters will open, as show in the follo wing figure.  

 

Figure 2.7: Debris input  editor, main tab, Model Selection, MASTER 2005  

 

The MASTER 2005 options are similar to the MASTER 2001 options  (see previous subsub-

section). The following differences have to be noted:  

¶ Collision and explosion fragments cover both historic and future popu lations, 

not only future populations as in MASTER 2001.  

o This also explains wh y the "Fragments (historic)" option has vanished in 

comparison  to MASTER 2001. 

 

Like MASTER 2001, MASTER 2005 covers altitudes from 150 km to 37000 km . The "f u-

ture" is from 2005 -05-01 and in the future ; objects <  1 mm are not considered.  
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2.2.1.1.3 Debris model : NASA90 

NASA90 /16/ is an analytical  debris model  developed by NASA, which provides a simple 

and very fast debris flux calculation, but does not fully ref lect the current know ledge of 

the Earth's debris environment, in particular the existence of a large number of particles 

on eccentric o rbits . 

Upon clicking the "Edit" ( ) button, the NASA90 input parame ters dialog is opened, 

as shown in the scree nshot belo w. 

 

Figure 2.8: Debris input editor, main tab, Model Selection, NASA90  

 

As with all debris models, the average density of the debris material can be specified.  

The debris mass (P) and fragments number  (Q) annual growth  rates are specified as pe r-

centage, where 1 = 100%  growth . It is recommended to use the default values . 

Solar flux is used to specify the solar activity; appropriate values for the mission dur a-

tion can e.g. be retrieved using the publicly ava ilable SWENET database /22/. 

At the bottom, you see the debris velocity range , namely t he minimum and max imum 

debris impact velocity to be con sidered. The default is from 0 to  20 km/s. 

 

Please note that the NASA90 model is r estricted to orbital altitudes below 1000km . 
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2.2.1.1.4 Debris model : ORDEM 2000 

ORDEM2000 /15/ is a debris model developed by NASA; it is the successor of NASA96, 

which in turn fo llowed NASA90.  The model describes the orbital debris enviro nment in 

the low earth orbit region b etween 200  km and 2000  km altitude.  

The only user -editable input parameter is the assumed debris material density (default: 

2.8 g/cm3), as shown in the figure below.  

 

Figure 2.9: Debris input editor, main tab, model selection, ORDEM 2000  

 

ORDEM 2000 is appropriate for engineering  solutions requiring knowledge and est i-

mates of the orbital debris environment (debris spatial density, flux, etc.).  The model 

includes a large  set of observational data (both in -situ and ground -based), covering the 

object size range from 10  µm to 10 m.  

The analytical technique uses a maximum likelihood estimator to convert observations 

into debris population probability distrib ution func tions; t hese functions then form the 

basis of the debris populations. A finite element model processes the debris populations 

to form the debris env ironment.  
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2.2.1.1.5 Meteoroid  model: Grün 

Gruen /14/ is an interplanetary flux model for sporadic meteoroid  environment . When 

you press the "Edi t" button, a dialog with the Grue n input parameters  shown in the 

fi gure be low apppears.  

 

Figure 2.10: Debris input editor, main tab, Model Se lection, Grün  

 

On top, you see the meteoroid density option. Below, choose between this  constant 

meteoroid de nsity  and alternatively the NASA90 density distrib ution model  (the latter 

choice will ignore your meteoroid  density specification above) . 

The next  two lines are concerned with the m eteoroid velocity distribution option : 

¶ Constant meteoroid velocity; f or this option, the default value is 17 km/s.  

¶ The NASA90 velocity distribution.  In most cases, this  delivers the best results, and 

is thus the reco mmend ed option for the industrial user.  

¶ The Taylor HRMP velocity distribution. This model is the most complex o ption.  

 

The last two lines handle the meteoroid velocity range , namely the minimum and 

maximum meteoroid velocity to be considered. The default is 11 km/s and 72 km/s.  
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2.2.1.1.6 Meteoroid  model : Divine -Staubach 

Divine -Staubach /13/ /18/ is a meteoroid model  which is  also part of the MASTER 2005 

model . When you press the "Edit" button, a dial og shows the the D ivine-Staubach input 

parameters depicted in the screenshot below.  

 

Figure 2.11: Debris input editor, main tab, Model Selection, Divine -Staubach 

 

The only parameter is the material densit y of meteoroid s. It is assumed to be co nstant.  

 

Divine -Staubach is based on the size and orbital element distributions of five meteoroid 

subpopulations, and thus provides directional information in the same way as the 

MASTER 2005 debris model. 

Please note: Since the Divine -Staubach meteoroid  model is implemented in the MASTER 

Standard application, one MASTER 2005  run covers both debris and meteoroid flux d e-

term ination if the corresponding switches are set.  
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2.2.1.1.7 Meteoroid  model: MEM  

MEM /20/ is a meteoroid  model developed by the University of Western Ontario , Can-

ada. Upon pressing "Edit", a dialog with the MEM input parameters opens, as shown in 

the figure below.  

 

Figure 2.12: Debris input editor, main tab, Model Selection, MEM  

 

MEM has no options by itself, using a constant meteoroid  density of 1  g/cm3. The option 

available here is used to convert mass to diameter  for damage computation . We pr o-

pose to always use 1 g/cm3. 

Please note that the default 2.5 g/cm3 is fitting only for the other meteroid mod els ª all 

models use the same parameter within the data model; this is the reason that the d e-

fault in the GUI cannot be 1 g/cm3. 

 

MEM is a parametric model of the spatial distribution of  sporadic meteoroids . The pr i-

mary source is short -period come ts with aphelia less than 7 AU. The model also c onsid-

ers the contribution s from long -period comets to the sporadic meteor complex , and i n-

cludes the effects of the gravitational shielding and f ocussing of the planets.  
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2.2.1.1.8 Jenniskens Stream Model  

The above meteoroid  models are describing the background meteoroid flux; the Je n-

niskens stream model adds annual meteoroid  streams (e.g. the Perseids). The streams 

model can be used with or without another met eoroid model.  

When pressing the "Edit" button, the dialog for the Jenniskens Stream Model input 

parameters appears, as shown in the figure below.  

 

Figure 2.13: Debris input editor, main tab, Model Selectio n, Streams 

 

The streams and possible interstellar sources are defined in a n external input file, with a 

default jen .str  being provided  by ESABASE2. File locations are always relative to the 

ESABASE2 installation path.  

Meteoroid particles with less mass th an the lower cut -off mass are not considered in the 

analysis. 

 

The Jenniskens stream model is based on observation data gathered over a 10 year p e-

riod, and can be applied to flux and damage analysis. It  also includes directional info r-

mation on the streams.  

Please note that for long mission durations , the directional effect is smeared out, and 

does not give any additional information than the Grün sporadic o ption. The stream 

option is best suited for the investigation of missions below 10 days where high stream 

activities are expected.  
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2.2.1.1.9 Alpha -Beta Separation  

As an improvement to the Grün meteoroid  model, the Alpha -Beta Separation divides  

the meteoroids in a lpha particles (following the Grün sporadic omni -directional flux 

model) and smaller beta particles ste mming from the sun.  

When you press "Edit", the Alpha -Beta Separation op tions shown in the screenshot b e-

low appear in a dialog.  

 

Figure 2.14: Debris input editor, main tab, Model Selection, Alpha -Beta Separation  

 

The velocity distribution of the beta  particles  can be modified by specifying two par a-

meters  (for more details, see /10/): 

¶ V0: cross-over velocity ; default: 20.0 km/s  

¶ Gamma (exponent ); default: 0.18  

 

The Alpha -Beta Separation obtains improved directional information  by attempting to 

split off  the beta  meteoroids, which are driven away from the Sun into hyperbolic orbits 

by radiation pres sure, from the alpha  meteoroi ds. 

An apex enhancement of the alpha  met eoroids and interstellar streams (see next sub-

subsection) may introduce further directional inform ation.  

 

We do not recommend  using other values than the default values for this model, unless 

you have in-depth know ledge in astrophysics.  
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2.2.1.1.10 Apex Enhancement  

As a modification to the Grün model, the Apex Enhancement describes the meteoroid  

flux e nhancement caused by the earth's motion on  its orbi t around the sun  (similar to 

the enhanced flux a spacecraft experiences in velocity direction).  

If you press "Edit", a  dialog shows the Apex Enhancement input parameters shown in 

the fi gure below.  

 

Figure 2.15: Debris input editor, main tab, Model Selection, Apex Enhancement  

 

Two param eters can be used to describe the ra tio of flux and velocities between apex 

("front") and antapex ("back") directions (see /10/ for more details):  

¶ RF: antapex to apex flux ratio ; default: 2.0  

¶ Dv: velocity ratio ; default: 0.36 

 

As with Alpha -Beta Separation, we do not recommend using other values than the d e-

fault values for this model, unless you have in-depth knowledge  in astrophysics . 
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2.2.1.2 Size Boundaries 

The figure below shows the Size Boundaries section of the main tab in t he Debris input 

editor.  In this section, you specify limits on the type of Debris or Meteoroid s to be used 

in the analysis.  

 

Figure 2.16: Debris input editor, main tab, Size Boundaries  

 

At the top, t he mi nimum and maximum particle size limits can be input as mass [g] or 

diame ter [cm]. The conversion between mass and diameter assumes spherical particles.  

At the bottom , the minimum crater diameter and ejecta fragment size are defined in 

[cm]. Below these siz e limits, crater or ejecta fragment are not further considered in the 

analysis. 
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2.2.1.3 Ray Tracing 

Ray tracing is the primary technique in ESABASE2 to determine whether Debris or Me-

teoroid s hit the spacecraft geometry at a specific orbital point. Below, you can see a 

screenshot of the Ray Tracing section in the main tab.  

 

Figure 2.17: Debris input editor, main tab, Ray Tracing 

 

The "Primary rays" parameter governs the number of primary rays to be fired per el e-

ment. For ESABASE geometric models, at least 250 rays per element are recommended, 

for non -geometric analyses 1000 rays.  

In the middle, the "Secondary rays"  parameter specifies the number of secondary rays 

to be fired from each i mpact point. Due to the high computational effort caused by this 

option it is recommended to cho ose fairly low values (< 100). 

<ijoc`m jkodji oj m`_p^` ^jhkpo\odji odh` dn oj nk`^dat \ ¤N`^ji_\mt m\t ephk² rcd^c

causes the program to skip the respective number of secondary rays.  
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2.2.1.4 Damage Model  

There are two types of damage equations used during the analysis:  

¶ The ballistic limit equations, which deliver the limit impactor diameter above 

which a structural failure of the analysed surface occurs. This limit diameter is 

used to compute the probability of a failure using the chosen flux models.  

¶ The damage size equations, which compute the crater diameter of semi -infinite 

targets and the hole size of thin targets. Again, the flux models are then used to 

compute the total cratered or perforated  area of the surface.  

 

The figure below shows the damage parameters in the main tab.  

 

Figure 2.18: Debris input editor, main tab, Damage Model  

 

The following convention is used in the software: for single  wall surfaces, the single 

wall ballistic limit equation is used for the failure assessment, the crater size equ ation 

for the damage assessment (cratered area); for multiple wall surfaces, the mu ltiple wall 

ballistic limit equation is used for the failure assessment, the clear hole equation for the 

damage assessment. 

The damage equations of the ESABASE2/Debris analysis tool are defined in a parametric 

form, with edi table parameters (constants and exponents).  

 

For a detailed description of the user input of the damage equations , please refer to  

/10/. Up to seven entities can be defined: the damage equation preferences, the si ngle 

wall ballistic limit equation, the multiple wall ballistic limit equation, the crater size 

equation, t he parametric clear hole equation, the advanced hole equation and the user 

subroutine parameters.  
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2.2.1.5 User Subroutine  

For expert  users of the original ESABASE, the possibility to use your  own damage equ a-

tion subroutine is pr ovided. This option requires the av ailability of a FORTRAN or C/C++ 

compiler and linker.  

You need to rebuild the E2_UserSubroutine.dll  (Dynamic Linked Library) l ocated in the 

release_dlls  directory of the installation, as shown in the fi gure below.  

 

Figure 2.19: Finding the User subroutine  DLL 

 

ESABASE2 2.0.0 uses the Compaq Visual Fortran 6 compiler. It is highly advisable to use 

the same compiler.  Also, w hile it is  possible to use other languages (e.g. C++) to pr o-

duce the subroutine DLL, compiler issues fr equently occur.  

Please note: When writing your own user subroutine  in Fortran , take care to initialise all 

variables; otherwise, results can be erratic.  

As a starting point, look at the Fortran file "user_dam.f" in the Debris plugin direc tory  

(plugins \ eu.esa.estec.esabase2005.debris_2.0.0 \ user_subroutine ). In case of persisting 

issues, please contact the ESABASE2 development team using the email address pr o-

vided on the we bsite /3/. 

 

To apply the subroutine to t he entire model, choose "User Subroutine" as damage eq u-

ation  in the Debris input editor , as described above (subsection 2.2.1.4). To apply it only 

to parts of the S/C geometry, go to the geometry editor, modify a shape  via wiza rd, and 

on the Debris page, choose "User Subro utine" as shield type (see also section 2.1). 
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2.2.2 Debris Ground Test  Tab 

At the bottom of the Debris input editor, the second tab leads to the "Ground Test" 

page, which is depicted in the figure below.  

 

Figure 2.20: Debris input editor, Ground Test tab  

 

The ground test option enables you  to run the damage equations on their own, ou tside 

of the ESABASE2/Debris analysis; its purpose is t o test and preview the results of the 

damage equations . 

 

The following sections are available:  

¶ Ground Test : Choose damage type (ballistic limit or crater size) and shielding 

type (single wall or multi wall) . 

¶ Shielding Parameters : Choose shield thickness an d density  (and spacing in case of 

double walls) . 

¶ Failure and Damage Equation : Choose the exact damage equation. Depends on 

the "Ground Test" choice made above.  

¶ Input Parameters : Impact angle, density , velocity  and diameter  can be specified  

either as single  values or as arrays of values.  Each variable has three parameters: 

the minimum value, the maximum value and the number of steps. For single 
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shots, only the minimum param eter is used. For tabled data, when the variable is 

used as x-axis or y-curve paramete r, all three parameters are used.  

¶ Visualisation : Choose the axis on the result graph.  

 

Unlike the normal Debris analyses, the ground test can be performed directly within the 

Debris input editor; for this purpose, press the "Run" button. Afterwards, the "G raph" 

and "Table" buttons at the bottom right are e nabled, leading to the popup windows 

illustrated in the screenshot below.  

 

Figure 2.21: Debris input editor, Ground Test tab, Run  

 

Graph and table show  the same results.  

 


