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The Tactical Utilities for Rapid ANalysis of Debris on Orbit Terrestrial(Turandot) supports design of
spacecraft. This software is capable of prediction of spacecraft damage probability by collisional debris
including shielding effect of the spacecraft itself. Turandot was expanded in order to use ORDEM 3.0 as well
as MASTER-2009 and ORDEM2000 as database of debris flux. This presentation introduces overview and
feature expansion of the Turandot.
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Introduction
BUMPER Il NASA
ESABASE?2 / DEBRIS ESA
COLLO, BUFFER TSNIIMASH
MDPANTO DLR
SHIELD QinetiQ
MODAOST CAST
TURANDQOT JAXA

IADC Protection Manual(Version 7.0), IADC-04-03
https://www.nasa.gov/centers/johnson/techtransfer/technology/MSC-23774-1-bumper.html
Update of the ESA Space Debris Mitigation Handbook, ESA Contract 14471/00/D/HK
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About Turandot

» Turandot supports design of spacecraft.

 This software is capable of prediction of
spacecraft damage probability by collisional
debris including shielding effect of the
spacecraft itself.

 April, 2007~
— "Collision Probability” Analysis Tool
— "Collisional Damage” Probability Analysis Tool
— Including “"MASTER-2009"
— Detail Modifications & Validations

20161020_Debris_WS_MUSE 4
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« GUI

— Integrated Analysis Environment

Functions |

— Satellite modeling
— Grid generation

o o [

TR T S e T S W )

« GUI

Acknowledgement for Kurihara, M.
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Functions |

— Computation condition setting
— Requirement from Databases (MASTER & ORDEM)

=
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DAFTMPTurandiot15_TESTdebris 201610184debris 20161018 primdd.
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o |
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s s e
npacter
< Run setting >
MASTER SELECTOR > OMaster2005  © Master2000
‘Run identifier (used as output fle prefix): |m2009 ]
Time settng >
Begin ofanalysis time: 206 |vwy 01 |mm @ o |m
Endofanalysistime: (2016 |yyyy [0 |mm |4 |t
Refe to ORDEM. |
< Scenario setting
T——— |
< Target orbit>
‘Semimajor axs fkm]. (717600
iciy o the
[
‘Right ascension of the ascending node [deg): |
Argument of perigee [deg]. 1
[
| import peam | [ openDefeut | [ oK | [ cancel |
o | DE M TES T A0 B ey
of Detis on Ot Tenesti

This document is provided by JAXA.
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Functions Il

* MASTER-2009(MASTER-2005) & ORDEM
2.0(ORDEM2000)

fORDEM = fMASTER K if 1<K
if K <1

f ORDEM — f MASTER

F

K = ORDEM

J‘ f MASTER -dQ
4r

f flux

20161020_Debris_ WS_MUSE 7

Functions Il

« Damage Probability
— Users' Definition
— Fortran 95 like

oo

T T B
Box il im0 zi[on | [Chake [ Gtne. ) _linds ][ Dol )

,,,,,,,,
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Functions Il

| Damage Mode | Vodeler | Pcameter|
[ Inpor Gustom | Detot ] [ | [ Remove Gurve View. |

. dm 40 <Name/Sub-System Property>
File name: alos0360m | dmF%0  Cotor [

k0303 50 gm 30 & :
skt dnft || O 5% ©DP ©TC ) ADC @ Power O Prop. ©) Themal () Mission
e mamEov | User Variables for Debris= Comment Section>
ahs03 S gmFa0 || Velocity: cbiv Density: obir
2508 65, m dmF90. | Diameter. objd
k303 70 mF90_| Mass: objma
alos0% 7 m dmFOD
S aiomigon ||| kst guso | <Cakt Converson for Debrie>
(1 dsmageF90 Lalos0ZallmdmESD|| kw's>> 1000 fw's]  glem>1000 [kgim3]
(3 dbsobvermain hexe deg>>3.14/18([rad] em>>001  fm]
05 mat listesv 220001 [kg]
o dm
() SPOs.dmF90. <Fixed Variables (Constants)>
Choutout T =
+ ) Satallte | Poremeter® | _ Sslse | o
3 debris 20130119 HTV prind AL 003 enyaiing
42 BET 2| |lalos03_B0_s_dn = .false.
i (abjd.ge.AT) then
if (tetac. le.A2/deg) then
" 10503_50_n_dn = .true.
end if
<ooplease vait! ord i
>» Gonverter is finishe
>» Now Execut ing conver 1=
5 ..-plesse vait! S ' t
> Now Execut ing conver <User Defined Variables>
% ...please vait! e
55 Converter is finishe | Nowioblos ' | Voxichlos: |
|
»> €95 -o dhsolvernain_
>> €95 -0 dbsolvernain_ ;.
> 85 -0 dbsolvermain_|
> 295 -0 dbsolvernain_|
» Moy Executing conver |
» ...please wait!
> Now Executing conver|= —_—
» seeplease vait! B i | ¥
5> Converter is finishe L — e

< v | |C¥astis 2015011
I5tand by - Total Utilities for Rapid ANalysis of Debris on Orbit Terrestial

20161020_Debris_ WS_MUSE 9

Comparison with MASTER-2009©

EDCS LI PMOQ eE P

HNew Open Save PDF Import  Export Plot Reset Help  PiotHelp  About Settines  Quit

* Flux “« | | »-

Target Orbit Tnertial Volume

Spatial Density
Basic Settings |

computing |

Surtace Definitions® ]

Tareet Surface

.
function of L — -

Single Surface Flux

M A I E R_ Surtace Definitions
Switch  Orientation Angle A Prele h Designation

Surface | [earth oriented | 00 o] Leading
20090 i

esa

|

Sufaces [0 [earth oriented - |[1800 |[aa il

Sirface ¢ [T] [zarth oriented ~ | (10 |[Fam |

Suace 5 [F] [carthoriented ~|[900 |00 | i

Surface § [0 [carthoriented « |[-900) |[oa [t |

Surface 7 [ [inertially fix. ~|[00 |[oa |Isolar |

sutseed [ [nertialyfiv. -|[1000 |00 |[Sor ]

° F | u Xe S fo r 6 Surface’d  [T] [earth oriented - | 300 | |60 |irtenna |
Surface 10 [F [sunoriented - | =660 | =100 [Sensar ]

Faces of a cube MASTER 2005

2D Spectrum Definitiors ]
3D Spectrum Definitions. |
Ganstellation Traffic )

b s Flot Options
I Data Dunip

20161020_Debris_ WS_MUSE 10

This document is provided by JAXA.



TR [AR—=AFTIVT—r gy | G RHME 505

: 3
Result l j '*
MASTER-

Debrls 6.3672 6.3678 0.0%

a) 0.Tmm<d
11050><1O 1.1088 <X 10 0.3%
1.5014X10> 1.5354X10> 2.2%
b) Tcm<d
Meteor0|d 89217 X107 8.6510X107 3.1%
* Good agreement
« TURANDOT is reasonable

BLE Validation(1)

MASTER-2005©

Earth oriented attitude
2002/01/01~2002/12/31
0.001m<d<0.Tm

85 debris flux data from “expl.cpe” as
No.1001, 2001,..., 85001

— 1 debris flux from every 1000 debris flux

This document is provided by JAXA.
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e Cube, (1Tm)3
« Damaged@1cm<d

Trailing

FHIML 22T TEBR TR R JAXA-SP-16-011

BLE Validation(2)

z : outward radial

Trailing y
1m Toig : Elevation
X : projected orbital
~ velocity direction
m [ / Azimuth
Right
m Leading
20161020_Debris_ WS_MUSE 13

.
BLE Validation(3) "

e Direction vector of debris flux

cosfcos @

Vdebri =

—cosfsing

sin @

« Normal vectors of the cube surfaces

Name Nomal Vector
Leading (1,0,0)

Trailing (-1,0,0)

Left (0,1,0)

Right (0,-1,0)

Top (0,0,1

Bottom (0,0,-1)

20161020_Debris_WS_MUSE 14
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BLE Validation(4)

 Collision Probability for unit time

P

collision — Z Vdebri ’ Vn X ﬂ ux

0<Vdebri Vi

» For Damage Probabillity,
including “condition”,

Z Vdebri ' Vn X ﬂ ux

damage ~

0<Vdebri -Vn
if contidion=true

20161020_Debris_ WS_MUSE

BLE Validation(5)

507

* Result
MASTER2009 TURANDOT
+MS-Excel©
Leading 9.95E-09 9.95E-09
Trailing 121E-12 1.21E-12
Left 1 24E-09 1.24E-09
Right 5.62E-09 5.62E-09
Top 5.49E-12 5.49E-12
Bottom 3.04E-11 3.04E-11

— Good agreement

20161020_Debris_WS_MUSE

This document is provided by JAXA.
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Validation

 IADC(Inter-Agency Space Debris
Coordination Committee) Benchmark

llllll Agency Space Debris Coordination Committee
N I e T o
PROTECTION MANUAL
RoCWES N g
20161020_Debris_WS_MUSE 17

JADC Benchmark

1) Cube 2) Sphere 3) Station

4

Cross section 1Tm?2

20161020_Debris_ WS_MUSE 18
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ORDEM 3.0

Table 2-1: Feature Comparison of ORDEM 2.0 and ORDEM 3.0

Parameter ORDEM 2.0 ORDEM 3.0
Spacecraft &
Telescope/Radar Yes Yes
analysis modes
Time range 1991 to 2030 2010 to 2035
100 to 40,000 km (>10 pm)*
Altitude range with | 200 to 2000 km (>10 pm) (LEO to GTO)
mininum debris size | (LEO) 34,000 to 40,000 km (>10 cm)
(GEO)
Orbit types fgll;glrg?ig il velnotty Circular to highly elliptical
Intacts
Low-density (1.4 g/cc) fragments
Model population Medium-density (2.8 g/cc)
breakdown by type No fragments & microdebris
& material density High-density (7.9 g/ee)
fragments & microdebris
RORSAT NaK coolant droplets (0.9 g/cc)
Model cumulative 10 pm, 31.6 pm. 100 pm,
size thresholds i(l;mli)ogmun]l 1111 s 316 pm, I mm, 3.16 mm,
(fiducial points) ’ ’ lem. 3.16cm, 10cm. 31.6ecm. 1 m
Flux uncertainties No Yes
Total input file size | 13.5 MB 125 GB
Meteoroids No No**

NASA Orbital Debris Engineering Model ORDEM 3.0 - User’s Guide, NASA/TP-2014-217370, p.5

20161020_Debris_ WS_MUSE 19

Celestial Grid and Igloo

Celestial Grid
* about 1 deg? (0.3 msr)
* 41,258 cells
Igloo
* 10 deg (in azimuth)
x 10 deg (in elevation)
* 614 cells

Flux is redistributed from Igloo
to Celestial Grid according to
ratio of solid angle.

20161020_Debris_ WS_MUSE 20
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Redistributed flux
Igloo to Celestial Grid

ORDEM 3.0 "2-D Directional Flux" (DIRFLUX_SC.OUT)
B ORDEM 3.0"SIZEFLUX_SC.OUT" and
2-D Directional Flux

Ve 2t e At 1028 s At - 10050 514 e s 10 Cumulative Flux based on Celestial Grid(Calaf)

Year2014 Perigee Altiude /km = 400000 Apogee Altlude / km = 400,000 Inclination | deg = 5160

104 T

vation (deg)

ORDEM 30 —
Calaf ©

Local Eley

=
Local Azimuth (deg)

100 |-

Flux distribution based on Celestial Grid

T

4 L
; /‘\’ ©

Debris FlLx fm2iyr
e
=]
%
T

800 1075 T
900
108 I I 1l 1l "
10 104 103 102 10! 100
Diameter / m
Year:2014

Perigee Altitude / km = 400.0, Apogee Altitude / km = 400.0,
Inclination / deg = 51.60, RAAN/AoP : random

20161020_Debris_ WS_MUSE 21

GUI —for ORDEM 3.0-

r
| (2] Calaf : Turandot enharicement module for ORDEM 3.0 == [ESEEE )
run ORDEM 81| [780ke ] |
< Time setting >
Begin of analysis time: 2010 |yyyy ©1  mm 01 |dd 00 | hh
End of analysis time: 2011 |yyyy (01 |mm |01 [dd [0 |Bb
< Target orbit >
‘Semi-major axis [km]: 7069.79
Eccentricity of the orbit: 0.0002+00
Orbit inclination [deg]: 98.2000
Right ascension of the ascending node [deg]: | 000000 | [¥] Randomize
Argument of perigee [deg]: | 0.00000 | [ Randomize
# Analyze shielding Tz
- progress |++++ibetE|
= NOW 33 HeHeie
# Output shielding matrix file
| OUTEUT :: &6l mbrx.lisx
| [ 3mS4e / 4m 68] |
# Analyze debris impact iE:
- progress |+HHHbibbH] |
- HOW 3> ++ o

Project Directary : D¥Calaf¥2015-315_ 31651003

JX-PSPC-421376-0A_16_01_29_MUSE 22
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Conclusion

e General information about Turandot.

 Turandot was expanded in order to use
ORDEM 3.0.

This document is provided by JAXA.
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