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Things covered during this demo presentation

" Basics: General overview

" Basics: Spatial Density in LEO

" Basics: Lagrange flux calculation

" Basics: Flux evaluation (d > 1mm) on a SSO

" Basics: Comparison of collision probability for different size thresholds

" Advanced: Impact velocity/azimuth on defined oriented surface (2D + 3D)

" Advanced: Spatial density — declination vs. altitude (3D)
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Basics: General Overview

ESA MASTER is available as download from:

To make the MASTER installer leaner, it

contains only the reference population

(November 11, 2016 for MASTER-8).

To add additional population files,

Supported platforms are: download them here and unzip them into
« Windows <MASTER installation directory>/data/.

https://sdup.esoc.esa.int/

e Linux (32bit / 64 bit)
* macOS/OSX
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https://sdup.esoc.esa.int/

Basics: General Overview

ESA MASTER is available as download from:

https://sdup.esoc.esa.int/

Also available:
 Software User Manual

* License Agreement

— Launching ESA MASTER ...
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https://sdup.esoc.esa.int/

Basics: General Overview

MASTER - Meteoroid And Space debris Terrestrial Environment Reference Model - default <2>

BHB S Wt HO3 &P B

New Open PDF Import Export Run Replot Reset Help PlotHelp About Settings
L)
* New MASTER Logo [ @' ’
Target Orbit Inertial Volume Spatial Density
. Basic Settings
 Clean user interface
n rinter

« Left: User input
- Basic Settings

> 2D-Spectrum definitions

 Middle: Presentation of results

MASTER

 Three Scenarios
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Basics: General Overview

~— B3 default
> Elinput
« Handing of multiple projects >~ B output

-/ master.cfg

» Clean workspace environment v BB study-1

> B input

> Eloutput
! logfile

« Qutput includes raw data output

'/ master.cfg
. progress.dat
e Study-2
> B input
> BB output
! logfile
-/ master.cfg

. progress.dat

3 Elemente
5 Elemente
14 Elemente
2,0 KiB

5 Elemente
5 Elemente
14 Elemente
3.2 KiB
2,0KiB

OB

5 Elemente
5 Elemente
10 Elemente
3.2KiB
2,0KiB

OB
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Basics: General Overview

Space debris Terrestrial Environment Reference Model - default <2=

@D @ H P B

Handlng Of mUItIpIe prOJeCtS it Reset Help PlotHelp About Settings

Clean workspace environment

Output includes raw data output

Two different modes:

> Basic Mode Project Settings
fMisr.:. Settings | Processor Settings | GnuPlot Settings |
>
EXpert MOde [ | Export EPS graphs in greyscale mode

[ | Show warning messages as popups

Expert Mode

Apply Cancel
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Basics: Spatial Density in LEO
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Basics: Spatial Density in LEO

Task Obtain a 2D Spatial Density plot for LEO (200 km — 2000 km) and objects larger
then 1cm in diameter at November 1%, 2016

Steps 1) Set object size intervall in 'Basic Settings'
2) Set desired output spectrum in '2D Spectrum Definitions'
3) Click 'Run'

Result A 2D-plot showing Spatial Density vs. Altitude in LEO at November 1%, 2016 (with
and without uncertainty bars).
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Basics: Spatial Density in LEO

1) Set object size intervall in 'Basic Settings'

e T I

Target Orbit Inertial Volume Spatial Density

Basic Settings

Analysis Interval

Begin date 2016/11/01 00 | 0.01 meters

End date |2016/11/01 00 |

Comments . ' '

Run-ID Imaster | Click Ap|ply to save
[ESA-MASTER v8.0.0 | changes!

ISpatial Density in LED (d = 1cm) |

Size Interval /

Lower threshold |0.01

| kg ®Wm
Upper threshold 1100.0 | O kg ®m

NILg

O % ¢
5% %!;1 Technische
2

;—

([~
®
()]
Q

=

i@ Braunschweig  JSHNIET Institute of
Space Systems

=

SER Universitit March 21** 2019 | André Horstmann and Sebastian Hesselbach | ESA-MASTER: Hands-on E
Kl




Basics: Spatial Density in LEO

2) Set desired output spectrum in '2D Spectrum Definitions'

N

Target Orbit Inertial Volume Spatial Density

Basic Settings

2D Spectrum Definitions

2D Spectrum Definitions

Gen. Log. Auto Min. Max.

Classes
=0: Width
=0: Number

s.d. altitude [ ] [] (200 ||2000

||s0

Minimum altitude: 200 km
Maximum altitude: 2000 km
Altitude stepswidth: 50 km
Linear scale

Click 'Apply’ to save
changes!
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Basics: Spatial Density in LEO
3) Click 'Run'

————————
S Wt OO @

PDF Import Export Run\ﬂeplnt Reset Help
. 1
k
— ‘/\"\‘\’
Hlume Spatial Density |-
tings
refinitions
Classes
Min. Max. =0: Width
=0: Number
200 |lz000 |ls0 I

1L
o.w &,

O % ¢
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Basics: Spatial Density in LEO

Result: ESA-MASTER v8.0.0
: L 1.8e-06
Spatial density in LEO (200 km =
to 2000 km) for objects with 1.6e-06
diamter d > 1cm at November . 14e06 ¢
2016 (with uncertainty bars). £ 1.2:.06
z  1e06 ﬂ_
g 8e07 Lol
S fe07
[
oL 4e-07
2e-07
[:] 1 1 1 1 1 1 1 1
200 400 600 800 1000 1200 1400 1600 1800 2000
Altitude [krr]
1AM —— 1-sigma (cond.)
MTBG Total
gy Tenshe  PoevERY— i -
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Basics: Spatial Density in LEO

Result:

if you do not want to show the
uncertainty bars -
Right-click on the plot area

Technische

2 Universitit
< .
Braunschweig

Spatial Density [1/km?]

ESA-MASTER v8.0.0

1.8e-0¢
1.6e-0¢
1.4e-0¢
1.2e-0¢
1e-0f
ge-01
Ge-07
de-07
2e-07

—

Plot Options
o
- v
2 PoxEEz2gm_.o333
& 5§ 3IZZTZERM IR
PStylemr T 38 W 0FNEE 5 Z & in Comment

|2 [z o e o o o o o e e =YCTR
OYjomoooooooOOOdor |
OR~D0MO000oO0OOdOdfMro |
Of~0d0dMd000o0OOO Nk ]
O [~0000MO0D0OOOOfsRMs |

Oe[~+JOoooowoOoOCoOoOdsM |
OF Y0000 0dMooOoOoopa |

O[xj0000U0dUMUO0OndEeE |
O [~[D00oo0ocoEOoOOdMe ]
Ol ]x]O00000000®wO00dcow |
M. [x]000ooDoooodd®mOdman |
Ml [x]00000oo0odOmMdMes |
] M R 2 N2 N e N e R ra R ra i ra eal el e e e e e R
[ IUncertainty Bars

J0

- Distribution Type -
Differential
Cumulative
Reverse Cumulative
- Graphics Options -
[JLogscale X
[T Logscale ¥

ond.

| Apply H Cancel ‘

Display Plot Options
Replot

- Export Options -
Export EPS
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Basics: Spatial Density in LEO

Result: ESA-MASTER v8.0.0
Spatial density in LEO (200 km 1.26-06
to 2000 km) for objects with ﬂ
diamter d > 1cm at November 1e-00 1
2016 (without uncertainty ©L se07 |
bars). = '

=

G Ge-07 |

13

[}

@

= 4e-07 |

[

]

2e-07 |
|:| 1 | 1 | 1 | 1 |
200 400 600 800 1000 1200 1400 4600 1800 2000
Altitude [k
MAN MTBG Total
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Basics: Lagrange flux calculation
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Basics: Lagrange flux calculation

Task Obtain a 2D-Flux plot for a Lagrange point and objects larger then 1um in diameter

Steps 1) Selecting 'Target Orbit' as scenario
2) Switching from 'Earth-bound' to ‘Lagrange point'
3) Set desired output spectrum in '2D Spectrum Definitions'
4) Click 'Run'’

Result A 2D-plot showing 2D-flux vs. Diameter in a Lagrange point.
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Basics: Lagrange flux calculation

_ L 1) Switching to ‘'Target Orbit'
& - - | .

Target Orbit Inertial Volume Spatial Density

Basic Settings

Analysis Interval

Begin date |2016/11/01 00

End date |2Cl1|5.-"11.-'l:ll (W]u] 2) Selectlng 'Lagrange p0|nt'
Comments

Run-ID |master

[ESA-MASTER v8.0.0

lLagrange point calculation Click Apply to save

changes!
Selection / g

_} Earth-bound ® Lagrange point
Target Orbit Settings

| ower araument of true latit. ..
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Basics: Lagrange flux calculation

&

Target Orbit

N

Inertial Volume

/|

Spatial Density

Basic Settings

2D Spectrum Definitions

N,
3% Technische

Universitat March 21 2019 | André Horstmann and Sebastian Hesselbach | ESA-MASTER: Hands-on

2D Spectrum Definitions

Classes
Gen. Log. Auto Min. Max. =0: Width
=0: Number
[ object mass 1 [.oE1s |[tooooo.o  |[o.4 |
object diameter 1 |1.0E-6 |l100.0 ||-100 |
[ time 1 [ [tes7.0  |[2018.0 |[-z00.0 |

3)
Logarithmic scale

—» Minimum diameter: 1 um
Maximum diameter: 100 m
Diameter steps: 100 steps!

Click 'Apply’ to save
changes!
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Basics: Lagrange flux calculation

4) Click 'Run'’

H

it

o 3 é

PDF Import

Export

Run ‘R{eplut Reset Help 1

&

iertial volume

1
¥
B

Spatial Density

asic Settings

actrum Definitions

Classes

0 Min. Max. =0: Width
=0: Number
1.0E-15  |lioooooo  lloa I
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Basics: Lagrange flux calculation

Result: ESA-MASTER v8.0.0
. 1400
2D-plot showing 2D-flux vs. '
Diameter in a Lagrange point. 1200 |
)
"t 1000 |
S 800
5
¥s|
& 600
2
5 400
Lo
0
200
[:I 1 =1 L L L L 1
1e-06  1e-05 00001 0001 001 0.1 1 10 100
Object Diameter [m)]
MAMN —— -sigma (cond.)
MTBG Total
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Basics: Lagrange flux calculation

Result: ESA-MASTER v8.0.0
2D-plot showing 2D-flux vs. 100
Diameter in a Lagrange point. 1200 |

1000 |

(optional)
— Right-click on plot area
- Select 'Cumulative'

Cumulative
Reverse Cumulative

¥ Logscale X
D Logscale Y
Display Plot Options

— Right-click on plot area
— Select 'Logscale Y’

2D Flux Distribution ['Ifmzfyr]

200 Replot
0 e sans , ) Export EP5
1e-06  1e-05 0.0001 0.001 0.01 0.1 1 10 100
Cbject Diameter [m]
AN ——— ‘l-sigma (cond.)
MTBEG Tetal
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Basics: Lagrange flux calculation

Result: ESA-MASTER v8.0.0

10000

2D-plot showing 2D-flux vs. _
Diameter in a Lagrange point. 100 }
(optional) "
— Right-click on plot area
- Select 'Cumulative’

0.01
0.0001

— Right-click on plot area
— Select 'Logscale Y’

1e-06 |

2D Flux Distribution [”lfmzfyr]

1e-08 |

Done! 1e-10 - - - - - - :
1le-06 1e-05 0.0001 0.001 0.01 0.1 1 10 100
Object Diameter [m]

WAM —— l-sigma (cond.)

MTEG Total
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3 3 : Universitat arc st ndré Horstmann and Sebastian Hesselbac - : Hands-on (s
’%i{* Sl L page 24 Institute of \\\\&\W\\:

Space Systems \ '




Basics: Flux evaluation (d > 1mm) on a SSO
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Basics: Flux evaluations (d > 1mm) on a SSO

Task Obtain a 2D-Flux plot for a Sun-synchronous orbit and objects larger then 1mm in
diameter in November 2016.

Steps 1) 'Target Orbit' scenario already selected
2) Switching from 'Lagrange point' to 'Earth-bound' in Basic Settings
3) Define a SSO of your choice, e.g. Envisat Orbit
* Semi-major axis: 7136 km
« Eccentricity: 0.001
* Inclination: 98.6°
« RAAN: 110.0°
* AoP: 200.0°
4) Set desired output spectrum in '2D Spectrum Definitions'
5) Click 'Run'

Result A 2D-plot showing 2D-flux vs. Diameter on a SSO, here: on an Envisat orbit.
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Basics: Flux evaluations (d > 1mm) on a SSO

* Environment Satellite

e Launched in 2002

* 8110 kg (incl. 319 kg hydrazine)
« Average crossection: 75 m?

e Un-controlled state

« Current altitude: 765 km

« 150 years remaining lifetime
(aerodynamic decay)

» Top priority target for active
debris removal missions
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Basics: Flux evaluations (d > 1mm) on a SSO

)

Target Orbit Inertial Volume Spatial Density

Basic Settings*

Analysis Interval
Begin date
End date

Comments

Run-ID |master

|ESA-MASTER v8.0.0

[Flux (d = 1mm) on Sun-synchronous orbit (Enwisst)

Selection
® Earth-bound

Target Orbit Settings

' Lagrange point

Lower argument of true latitud... [0.0

Upper argument of true latitud... [360.0

Target orbits (Singly Averaged Elements)

Prop. Start epoch End epoch SMA ECC INC RAAN AoP

[] |eo16110100 (2016110100 ||7136 ||0.001||98.6||110.0||200.0|| + || -

| Add mission phase |

Resclution 1 ¥ear [

Cmbmllifn Nenmneblae

1) 'Target Orbit' selected

2) Switching back to
'Earth-bound'

3)

SMA / km: 7136
ECC/-:0.001

INC / °: 98.6
RAAN / °: not used

AoP /°: 200

Technische
2 Universitit

¥ Braunschweig
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Basics: Flux evaluations (d > 1mm) on a SSO

- i
@ N o ) .
Target Orbit Inertial Volume Spatial Density ) . .
— Minimum diameter: 1 mm
Basic Settings ) . )
e e Maximum diameter: 100 m
2D Spectrum Definitions > Dlametel‘ StepS: 50 StepS!
cl . .
Gen. Log. Auto Min. Max. :-O:EHFI'ﬁstSh Logarlthmlc Scale
=0: Number

[] object mass [] [1.0E15 |[1oooo0.0 0.4 |
object diameter O [LoE3 |[1oo.0 | [0 | —
] time [0 [ [957.0 |[z016.0 |[-200.0 |

¢ Technische
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Basics: Flux evaluations (d > 1mm) on a SSO

5) Click 'Run'

it o &

=W

Import

Export Run ‘R{eplut

@D @

Reset Help |

&

iertial volume

Spatial Density

asic Settings

actrum Definitions

Classes

0 Min. Max. =0: Width
=0: Number
1.0E-15  |lioooooo  lloa I

1L
0"“ &,

O % .
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2
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Basics: Flux evaluations (d > 1mm) on a SSO

Result: ESA-MASTER v8.0.0
2D-plot showing 2D-flux vs. 0003
Diameter on a SSO orbit in 00025 P
November 2016. In this =
example on an Envisat orbit. £ o002 |
S
2 00015 |
é 0.001 k1
T
S oo005 |}
0 . R~ i . .
0.001 0.07 0.1 1 10 100
Object Diameter [m]
AN —— l-sigma (cond.)
MTBG Total
ol Rty 2 ch 217 2019 | Andre i -
S5 R% Universitat | André Horstmann and Sebastian Hesselbach | ESA-MASTER: Hands-on (N
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Basics: Flux evaluations (d > 1mm) on a SSO

Result: ESA-MASTER v8.0.0
: 0.003

2D-plot showing 2D-flux vs.
Diameter on a SSO orbitin | . 1
November 2016. In this =
example on an Envisat orbit. = g0 |

) E Cumulative
(Opt|0nal) _.;3 0.0015 H Reverse Cumulative
R R/ght-c//ck on pl_ot grea G oo |  Lomarale x
- Select '‘Cumulative ERRGa o O Logscale Y

L Display Plot Options
Right-click on plot area = o000s | R
- Select 'Logscale Y’ o b Tera, — e el
0.001 0.01 0.1 1 10 100
Object Diameter [m]
AN —— -sigma (cond.)
MTEG Total
%JJY Universiti March 215 2019 | André Horst d Sebastian Hesselbach | ESA-MASTER: Hand
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Basics: Flux evaluations (d > 1mm) on a SSO

Result: ESA-MASTER v8.0.0

0.1

2D-plot showing 2D-flux vs.
Diameter on a SSO orbit in 0.01 ¢
November 2016. In this

= [
o 0.001 ¢
example on an Envisat orbit. £ Z
= 00001 }
5 j
(optional) 3 1e05}
— Right-click on plot area 2 e 06 ;_
- Select 'Cumulative’ = _
i 1e-07 E
: : g Z
— Right-click on plot area 1e-08 |
— Select 'Logscale Y’ fe0g L oo g L .
0.001 0.01 0.1 10 100
Done! Object Diameter [m]
MAMN —— -sigma (cond.)

MTBG Total
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Basics: Using MASTER to calculate flux-based

collision probablility
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Basics: Using MASTER to calculate flux-based collision probability

Task Calculate the flux-based collision probability for different size thresholds on Envisat
using the MASTER output of 2D-flux.

Steps 1) Make sure to use cumulative spectrum (flux values for d > d*)
2) Access the MASTER output datafile
3) Isolating flux values for selected diameter thresholds d*, e.g. for Imm, 5mm,
1cm, 5cm and 10cm.
4) Lookup required satellite properties
5) Making assumption that flux was constant over the mission duration(!)
6) Use flux-based collision probability formula to calculate collision probability

Result Collision probabilities for Envisat covering different threshold diameters
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Basics: Using MASTER to calculate flux-based collision probability

1) Cumulatve spectrum still selected

2) Select 'Data file' to access the
MASTER output

o -
Driver file | Data file |
5?# auitomatically generated output file of U

& |

SN R iR # # # i
iR # & # # #Ho## #
i R LS 313 #oHRE # OB
: i # # # w # #
R FEER # i i %

EZa METEODEREOID & SFPACE DEERIZ TERRESTI
(RER/EO0 18L

o H
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]
=
=
=
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Basics: Using MASTER to calculate flux-based collision probability

river file ata file
[ Driver fle | batafie | 1) Cumulatve
Title: 20 flux distribution vs. CObhject Diameter SSF)EE(:trlJrT1 S;ti”

Scale: logarithmic SeleCted

Cchject Dliameter [m]
v Data: okbject Flux [1/m~2/vr]
Discretisation: 50 classes from O.10000E-02 m to 0O.10000E+03 m, 0.10000E+00 logarithmic class width
Dliameter Expl-Fragm ¢oll-Fragm Launch/Mis NaE-Drops SRM- 2lag SRM-Dust FPalnt Flks Ejecta MLT
[m] [Lmrz/pr] _[L/maz/yr]_[L/ime2/yr] _[L/me2/yr]_[l/me2/yr] _[L/maz2/yr]_[1/me2/vr]_[1/ma2/yr]_[1/me2/vr

0.001000 | --eeeeemne o R
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3) Isolating lines for desired diameter
thresholds
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Basics: Using MASTER to calculate flux-based collision probability

Driver file | Data file |

F A A H A H

Title 2D flux distribution vas. ObJject Dlameter
Scale logarithmic .
x Data Cchject Dliameter [m] ‘
v Data: okbject Flux [1/m~2/vr] '
Discretlisatlon: 50 classes from O0.10000E-02 m to 0.10000
Diameter Expl-Fragm ¢oll-Fragm Launch/Mis HaK-Drops SRM- " Cloud 5 Han-made HMNeteorolds Streams otal
[m] [1/ma2/vr]_[1/mr2/ve] _[1/ma2/yr] _[1/ma2/yr] _[1/m~ | r]l_[1/ma2/yr]_[1/ma2/yr]_[1/ma2/yr]_ [1/m~2/yr]_[limn2/f |
|g_gglggg| ........... o R o A [ A R N PR RT3 YT o 1 A, [ .- 0. 1.3'-*13; o1
. 8] 4] 4] 4] 0 0.7742E-02 4] 0 0.7742E-02)
0.00158%5 4] Q Q Q 0 0.5124E-02 Q 0 0.5124E-02
0.001%9%5 ] 4] 4] 4] 4] 0.3707E-02 Q 4] 0.3707E-02
0.002512 0 4] 4] Q 4] 0.2419%9E-02 Q 4] 0.2419E-02
0.0032162 8] [u] 0 0 0 0.1743E-02 4] 0 0.1743E-02
0.002921 0 4] 4] Q 0 0.1277E-02 4] 0 0.1277E-03]
----------- E:F ------------------ E:r ------------------ E. ------------------ E' --------------------- g eeeeeeessssssaaes .Gl --------- 13":39‘4‘3'E"G‘3‘ ----------- G ------------------ ﬁ--> D_8943E'O3
0.0068210 0 4] 4] Q 0 0.6280E-03 4] 0 0.62G0E-03)
0.007943 ] 4] 4] 0 u] 0.4360E-03 4] 0 0.4360E-03
........... E\. .................. Ep .................. El .................. E‘ ....................................... G ......... ﬁ.:.}-}}E}E.JG-} ........... E' .................. G..> |:|_333|:|E_D3
0.0 z 0 0 0 0 0 0.24B5E-03 0 a] 0.2185E-03
n niceaa n Il n i n no1RMNTR-N2 n n no1RNTR-N3
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Basics: Using MASTER to calculate flux-based collision probability

Flux-based collision probability

P(d>d*) = 1 — exp( - F(d>d*) * A * At)

i i ,

Collision MASTER flux Mean area Applicable
probability Output (cumulative) of Envisat mission
duration

4) Satellite properties:
A=75m?2
At = 14 years (2002 - 2016)
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Basics: Using MASTER to calculate flux-based collision probability

P(d>d*) = 1 — exp( - F(d>d*) * A * At)

Diameter d* Cum. Flux
1 mm 0.1031 * 10 1/(mz2a)
5mm 0.8943 * 10° 1/(m2a)
1cm 0.3330 * 10° 1/(m2a) 75 m2 14 a
5cm 0.4693 * 10 1/(m2a)
10 cm 0.2392 * 10* 1/(m2a)

Mean area Mission duration Coll. Prob.

99.99 %
60.89 %
29.50 %
4.80 %
2.48 %
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Advanced: Impact velocity/azimuth on defined
oriented surface
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Advanced: Impact velocity/azimuth on defined oriented surface

Task Calculate the 2D-flux (d > 1cm) dependent on impact velocity and impact azimuth
on a oriented surface in LEO, facing the leading direction (in direction of motion).

Steps 1) Enabling 'Expert Mode'
2) Switch to 'Target Orbit' Mode
3) Define target orbit, e.g. ISS Orbit
4) Set diameter size interval to larger then 1cm
5) Define oriented surface
6) Set desired output spectrum in '2D Spectrum Definitions' and '3D Spectrum
Definitions'
7) Click 'Run’

Result Three plots showing (1) 2D-flux vs. impact velocity (2) 2D-flux vs. impact azimuth
and (3) 3D-flux vs. impact velocity vs. impact azimuth
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Advanced: Impact velocity/azimuth on defined oriented surface

| Environment Reference Model - default <2=

i =) ? 5 1) Enabling 'Expert Mode'

lp PlotHelp About Settings

l/l'u'lisc. Settings | Processor Settings | GnuPlot Settings |

Project Settings

[ |Export EPS graphs in greyscale mode
[ | show warning messages as popups

Expert Mode

User Information

Apply Cs Mode Change ('Basic Mode' to 'Expert Mode'):
Pressing 'Apply' will reset the current configuration to the installation default settings!

OK
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Advanced: Impact velocity/azimuth on defined oriented surface

= N

-

A

Target Orbit Inertial Volume

Spatial Density

Basic Settings#*

Analysis Interval
Begin date
End date

Comments

Run-ID |master

|ESA-MASTER vB.0.0

|surface in leading direction on ISS orbit

Selection
® Earth-bound

Target Orbit Settings

' Lagrange point

Lower argument of true latitu... |CI.CI

Upper argument of true latitu... |36D.D

Target orbits (Singly Averaged Elements)
Prop. Start epoch End epoch SMA ECC

INC RAAN AcoP

[] |2016110100 ||201611 01 00 HG?BD.O||D.D01||51.6||11CI.DH2OD.DH + H

1L
oL

2) Switch to "Target Orbit Mode'

3) Define ISS Orhbit:
SMA / km: 6780
ECC/-:0.001
INC/°:51.6

RAAN / °: not used
AoP / °: 200
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Advanced: Impact velocity/azimuth on defined oriented surface

&

Target Orbit

N

Inertial Volume

)

Spatial Density

Basic Settings

Expert Settings

Size Interval

DH/DP ratio [ -

NILg

3 > Universitit
L) .
274|245 Braunschweig
(2 'ﬂé\

sC

O % .
59,% %!;1 Technische
2

Lower threshold

Upper threshold

Damage Equations

1.0E-2 ok ® m
| \ | q

1100.0 | kg ®m
1.0

e il

4) Set simulation minumum to 1cm
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Advanced: Impact velocity/azimuth on defined oriented surface

Surface Definitions

5) Define oriented surface

Target Surface

Target type oriented surface (as defined below) -

@0" nadir frumﬂmhl - Sl Anghe &

fighe direcrion “Ampoct Azimush® 5

Angha b Flghi )
Impoct Blevation”™ || direction

PRT— [renwards space)

Surface Definitions
Switch Orientation Angle A Angle h Designation

Surfac... Earth oriented |+ ||0.0 |l0.0 | |surface-01

Earth oriented
Sun oriented

Surfac... [|
Surfac... [ | Inertially fixed
1

Ll =R

\

Select 'oriented surface'

Check only a single surface

Orientation 'Earth oriented’

—» | Orientation angles:
Azimuth: 0°
Elevation: 0°

— In direction of motion

5»}3 3% Technische
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Advanced: Impact velocity/azimuth on defined oriented surface

2D Spectrum Definitions*

2D Spactrum Dafinitions B 6a) Set desired output spectrum in
Gen. Log. Auto Min. Max. :-(éll:a\ls'llsisfh '2D SpeCtrum DeﬁnitionS'
=0: Number
[] object mass ] [L.oE1S |[Toocoo.o |[o.4 |
[] object diameter ] [LoEs |[L00.0 | [-200.0 | - disable
] time [0 [ [es7.0 |[2016.0 |[-z00.0 |
[|] objectsemim... [] [] [6500.0 | |45000.0 ||-25.0 |
[] object eccentr... ] [1.0E-4 |I1.0 |l0.1 |
[] objectinclinat... [ ] [] [0.0 |1150.0 |l1.0 |
[] objectraan ] [ |1s0.0 |[180.0 5.0 |
[] impactarg.of... [1 [] [0.0 ||360.0 ||5.0 |
[ | objectperihel... [ [] =
[] impactedipt. ... [ []
[] impactedipt. ... [ []
impact velocity [ [] [0.0 |140.0 |11.0 | - enable
impact azimut... [ | [] [180.0 |l180.0 ||5.0 | |
[] impactelevati... [ ] [] [90.0 ||190.0 ||5.0 |
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Advanced: Impact velocity/azimuth on defined oriented surface

3D Spectrum Definitions 6b) Set desired output spectrum in
3D Spectrum Definitions | '3D Spectrum Definitions'
Gen. X-Axis Y-Axis ]
[ ] |object mass w | |impact velocity
[ | |impact right ascension w | |impact declination
impact velocity w |limpact azimuth angle - enable
[ | |impact velocity w ||impact eclipt. longitude :
[ | |object semi major axis w | |object eccentricity
[ | |object semi major axis + |object inclination
[ | |object inclination w |\impact arg. of true lat.
[ | |object diameter w |limpact arg. of true lat.
[ 1 |s.d. right ascension - |[s.d. time
[ ] |s.d. declination « ||s.d. right ascension
E -{Jen(iC:ll‘th:: March 21* 2019 | André Horstmann and Sebastian Hesselbach | ESA-MASTER: Hands-on (N
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Advanced: Impact velocity/azimuth on defined oriented surface

7) Click 'Run'

S Wt O3 &

PDF Import Export Run ‘lgplnt Reset Help PlotHelp .
, i
;
Inertial Volume Spatial Density :

Basic Settings

cxpert Settings

Sources

o““”’"&-
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Advanced: Impact velocity/azimuth on defined oriented surface

ESA-MASTER v&.0.0

Result:
(1) 2D-Flux vs. impact azimuth de-07
8e-07
= 7e07 |
E
= 6e-07
=
S 5e-07 t
a
= 4e-07 t
0
O se07 |
o
o 2e07 |
ol
1e-07
0 1 - - - 1
-200 -150 -100 -50 0 20 100 120 200
Impact Azimuth [deq]
AN Tatal
MTEG
'%§$ T March 21% 2019 | André Horst d Sebastian H Ibach | ESA-MASTER: Hand
S5 R% Universitat arch 21% ndré Horstmann and Sebastian Hesselbac - : Hands-on (¥
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Advanced: Impact velocity/azimuth on defined oriented surface

ESA-MASTER v6.0.0

Result:
1.6e-06
(2) 2D-Flux vs. impact velocity 146-06 |
=
~ 1.2e-06 |
E
— 1e-06 |
-
S
E 8e-07 |
5 607 | L
>
=
m 4e-07 |}
(i
L]
2¢-07 |
[:I 1 1 L L L 1
0 5 10 15 20 25 30 35 A0
Impact Velocity [km/s]
MAN Total
MTBG
"%:%t i March 21%' 2019 | André Horst d Sebastian H Ibach | ESA-MASTER: Hand
‘%‘%!; IL?:ln|ver5|l’:at e arci ndare Aorstmann an epastian nesseibac - . Rands-on ) &\\\\\k\\\\\:
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Advanced: Impact velocity/azimuth on defined oriented surface

Result: ESA-MASTER v8.0.0

2D flux distribution vs. Impact Velocity and Impact Azimuth

(3) 3D-Flux vs. impact velocity
vs. impact azimuth Object Flux [1/m? fyr]

Impact Velocity [km/s]
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Advanced: Impact velocity/azimuth on defined oriented surface

Result: ESA-MASTER v8.0.0
2D flux distribution vs. Impact Velocity and Impact Azimuth

(3) 3D-Flux vs. impact velocity

vsS. impact azimuth Object Flux [1/m? fyr]
6e-07
— Right click on plot area 56-07
— Select 'TOp View' Ade-07 + 0 Logscale X
I Logscale ¥
3e-07 1 I Logscale Z
2e-07 L 1 3D Colored Surface
1 Top View
1e-07 ¢ Replot ?DD
0 Export EP
0 ™% g

Impact Velocity [km/s]
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Advanced: Impact velocity/azimuth on defined oriented surface

. ESA-MASTER vB.0.0
Result: 3D flux distribution vs. Impact Velocity and Impact Azimuth
2':”:' T T T T T T T GDG—D?
(3) 3D-Flux vs. impact velocity 150 - 0e07
VS. impact azimuth 100 |
-
- : 5, 4.0e-07
— Right click on plot area e X
- Select '"Top View' E 0 3.0e.07
© .50
Done! g 2.0e-07
—-100
150 1.0e-07
-200 ' ' ' ' ' ' ' 0.0e+0C
0 5 10 15 20 25 30 35 40
Impact Velocity [km/s]
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Advanced: Spatial density — declination vs. altitude
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Advanced: Spatial density — declination vs. altitude

Task Calculate the 3D-Spatial density (d > 1cm) dependent on declination and altitude in
LEO.

Steps 1) Switch back to 'Spatial Density' Mode
2) Set desired output spectrum in '3D Spectrum Definitions'
3) Click 'Run'

Result Single plot showing 3D-Spatial Density vs. declination vs. altitude
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Advanced: Spatial density — declination vs. altitude

i @“' N -

Target Orbit Inertial Volume Spatial Density

Basic Settings

Analysis Interval

Begin date |2016/11/01 00 |
End date |2016/11/01 00 |
Comments

Run-ID Imaster |

[ESA-MASTER v8.0.0 |

Spatial Density (d = 1cm): declination vs. altitude |

Size Interval
Lower threshold 10.01 | kg ®@m

Upper threshold 1100.0 | kg @ m

1L
oY -?

1) Select Spatial Density
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Advanced: Spatial density — declination vs. altitude

3D Spectrum Definitions

3D Spectrum Definitions

Gen. H-Axis Y-Axis
[ | |object mass + |[impact velocity

[ | |impact right ascension w ||impact declination

[ | |impact velocity + |[impact arg. of true lat.
[ ] |impact velocity w | |impact eclipt. longitude
[ | |object semi major axis + ||object eccentricity

[ | |object semi major axis + |object inclination

[ | |object inclination + |[impact arg. of true lat.
[ | |object diameter w ||impact arg. of true lat.
s.d. declination w ||s.d. altitude

[] |s.d. declination w [|5.d. right ascension

< 2) Set desired output
spectrum

Technische
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Advanced: Spatial density — declination vs. altitude

3) Click 'Run'’

MASTER -

S WM EOE @ E

PDF Import Export Run Vﬁeplnt Reset

N /N

Inertial Volume

Help PlotHelp

Spatial Density

Basic Settings

Expert Settings

Sources

5 Universitat
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Advanced: Spatial density — declination vs. altitude

Result:
Plot showing v o Default spectrum in
3D-Spatial 2D Spectrum
Density vs. / definitions
declination vs. =——— T T
altitude S.D. Declination [deg] vs. S.D. Altitude [km] -«
Requested 3D spectrum
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Advanced: Spatial density — declination vs. altitude

. ESA-MASTER v8.0.0
Result: 3D spatial density distribution vs. S.D. Declination and S.D. Altitude
Plot showing
3D-Spatial
Density vs. _ Spatial Density [1/km?]
. . de-06
declination vs. 25005 |
altitude 3e-06 |
25e-06 |
2e-06 | |
15e-06 | s
1e-06 | :«4’:7 A .
5e-07 | LT i '
R S.D. Aftitude [km]

S.D. Declination [deq]
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Advanced: Spatial density — declination vs. altitude

. ESA-MASTER v8.0.0
Result: 2D spatial density distribution vs. S.0. Declination and 5.0D. Altitude
Plot showing
3D-Spatial
Density vs. Spatial Density [1/km?]
) i de-06
declination vs. 3 50.06 |
altitude 3e-06 | A
2.5e-06 t 0 Logscale X
2e-06 [0 Logscale Y
N [ [ 15e-06 F I Logscale 2
nght C{ICk On_ pIO't area 1606 I 3D Colored Surface
-~ Select 'Top View ST [ Top View 00
5e-07 Repl
plot
1'30- Export EPS
- -8[:] _6 _4 2 Ijuu
0 I S.D. Altitude [km]
60 &p 7
5.D. Declination [deg]
Flt SRRl ) 015 2019 | Andre i -
33> Universitit | André Horstmann and Sebastian Hesselbach | ESA-MASTER: Hands-on (S
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Advanced: Spatial density — declination vs. altitude

ESA-MASTER v&5.0.0

Result: 2D spatial density distribution vs. S.0D. Declination and S.0. Altitude

Plot showing 2000 4.06-06
3D'Spat|a| 1800 FE | 3 5a.06
Density vs. -

) . 1600 ] 3.0e-06
declination vs. _ De-
altitude EMDD i | 7 56.06

L1200 | -

2.0e-06

— Right click on plot area 156-06

- Select 'Top View'

500 | | 1.0e-06
Done! 400 L i 5.0e-07
200 0.0e+0C

100 -80 -80 40 20 O 200 40 80 80 100
S.D. Declination [deg]
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Thank you!

MASTER

More information:
Software User Manual

Additional population data:
https://sdup.esoc.esa.int/
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