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Tactical Utilities for Rapid ANalysis of Debris on Orbit Terrestrial( TURANDOT) supports design of spacecrafts.
The software is capable of damage probability prediction of a spacecraft caused by collisional debris including
self-shielding effect of the spacecraft. Users can choose MASTER-2009 or ORDEM 3.0 as database of debris flux.
New easy-to-use graphical interface already set up with ballistic limit equations. Furthermore, TURANDOT was
improved reading functions of STEP (Standard for the Exchange of Product data) files.

Overview and features of TURANDOT are introduced in the presentation.

This document is provided by JAXA.
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Introduction

M/OD risk assessment tools

BUMPER II NASA
ESABASE2 / DEBRIS ESA
COLLO, BUFFER TSNIIMASH
MDPANTO DLR
SHIELD QinetiQ
MODAOST CAST
TURANDOT 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

About TURANDOT
« TURANDOIT supports design of spacecraft.

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

 April, 2007~
— "Collision Probability” Analysis Tool
— "Collisional Damage” Probability Analysis Tool
— Including "MASTER-2009" and "ORDEM 3.0"
— Detail Modifications & Validations

3
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What's New

» The development language is Java only.

 New features

— Choice of database of debris flux : MASTER-
2009 or ORDEM 3.0.

— A new easy-to-use graphical interface already
set up with ballistic limit equations.

* Improvement

— Reading functions of STEP (Standard for the
Exchange of Product data) files.

Overview

This document is provided by JAXA.
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Integrated Analysis Environment

* GUI

— Satellite modeling
— Grid generation
— Analysis condition setting
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TURANDOT GUI

Edit_Modeler Option
Converter | | Solver

MASTER-2009

Cfe
@ O input
Dtattce
@ (] materials
Cloutput
@ () Satellite
(3 debris 20181204 primdd

<

Exception: Array index out of range: 0|

Exception: Array index out of range: 0

>

Damage Mode Modeler Parameter

DamageMode

color setup

Add Remove Color Curve View
<Name/Sub-System Property>
Damage mode name: DanageMode cotor: [
@st. ODP OTIC OQADC O Power O Prop. () Themal () Mission
<Ballistic Limit Equation> <Symbols>
© Diametet
O single Watl
O Double Walt
<Parameters>
Critical projectile diameter - om
<Ballistic Limit Equations>
Save Cancel

fStand by - Total Utilities for Rapid ANaysis of Debris on Orbit Terrestial
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TURANDOT GUI

File Edit Modeler Of
Gonverter | | Solver MASTER-2000
] Damage Mode  Modeler Parameter
Cicte
& input Add Remove | | Golor Curve View
] Lattice —
&1 materials DamageMode | <Name/Sub-System Property>
output
@ 3 Satelite Damage mode name: DanageMode cotor: I
3 debris 20181204 primdd @5t ODP OTIC OADC O Power O Prop. O Themal O Mission
| <Ballistic Limit Equation> <Symbols>
| <Parameters>
Critical projectile diameter - =3
<Ballistic Limit Equations>
Exception: Array index out of range: 0]
Excention: Array index out of range: 0
Save | | Goncel
@ > | |lcolor setup b 1
tand by - Total Utities for Rapid ANalysis of Debris on Orbit Terrestial

TURANDOT GUIL: MASTER

Damage Mode Modeler Parameter

Converter Solver

‘TimefTarget Impactor  Input/Output  User parameter{usparatxt)

MASTER-2009 v |
MASTER-2000

ORDEM 3.0

Damage Mode Modeler Parameter
Time/Toreet Inpactor_gut/OutputUser pramster(uspaatet)

" <Time setting >

CJ output
» D Sotelite
O3 detris 20181204 primad.

Excoption: Array index out of range: 0

Excetion: Array index aut of range: 0

< 5 | vt 20rmr

tand by - Tota Utftes for Rapid ANabsis of Debis on Orbit Terestial

W¥rgut¥BoxPhis_master ip.

Begin of analysis tme: (2010 Y o mm 6w
End of analysis tme: 2019 Yy o mm e w
< Target orbit >
Sem-major axis [kam]: 679950
Eccentricity of the orbit:  0000e-00
Orbit inclinaton [deg]: 000000
Right asceasion of the ascending node [deg]: 000000
Argument of perigee [deg): 000000
Pre-Paranetric
Inpart Param | | Open Default Save || Gancel
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TURANDOT GUI : ORDEM

Damage Mode Modeler Parameter

ORDEM 3.0 ~

MASTER-2009
ORDEM 3.0

I Converter I run ORDEM 3.0 I Solver I

‘ Time/Tareet  |ser parameter{uspara txt)

[

B e ——— o
[Fle 6 Mossr Gaticn N e ———————
[ T wroroenss T soe))]
= 201020 I 5
3 o )
output Begm of analysis time: 2018 VYV o mm o 8 0 hh
Ty satelite
O3 debris 20181204 prjmad.
End of amaysis tme: 2019 v o lom e o m
<Target orbit>
Semi-major axis [kl 679380
Eccenticy of the otbic 0000e-10
Octit ncination deg]: 000000
Right ascension of the ascending node [degl: 000000 2 Randomize
Argument of perigee [deg]: 0000 [ Randomize.
excontion: Array index out of ranse: 0
excontion: Array index aut of range: 0
nport Paam | | Open Defaut Sow | [ Conc
» 5 | c¥debris_2018120Wrput¥BoxPhus master rp
tar by - Totl Uit o Rapid Aabysi of Debis on 1t Tarestil
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TURANDOT GUI

Damage Mode : Diameter

MASTER-2008 v
Wb 0iciz0c] Damage Mode  Modsler Parameter
Cicte
# QD it 484 || Remove | | Goler Gurve View
Otatice
Ol materials DamageMode. <Name/Sub-System Property>
ot amage mode name -
lg Tl Damage mode name: Danagellode color: I
3 debris 20181204 primdd © St ODP OTC O ADC O Power O Prop. O Theml O Mission
<Ballistic Limit Equation> <Symbols>
© Diameter
O Single Wall
O Double Wall
<Parameters>
Citcalprojecile diameter B

<Ballistic Limit Equation>
®L t
() Single Wall

(C) Double Wall

<Parameters=

Critical projectile diameter : cm

11
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TURANDOT GUI
Damage Mode : Single Wa

MASTER-2000

Satelite
3 debris 2018120 primdd

Damace Mode _ Modeler Parameter

Add | [ Remove | | Golr Gurve View
Osmateliode | <Name/Sub-System Property>
Damage mode name: Danazellode cotor J
@St ODP OTC OADC O Power O Prop. O Themal O Mission
<Ballistic Limit Equation> <Symbols>
(& Symbol _Description Units
@ Sogenit d.critical projectile diameter at shield failure threshold ~ cm
O Detie HB Brinell hardness of the target
<Parameters> C. speed of sound in the target ks
Target materal|a605 175 B k  damage parameter
1.8 for perforation
Beinell hardness ofth target 9500006401 2.2 for detached spall
Speed of soundin the taget 5100002400 fom's 3.0 forincipient spall
Target density 2.713008400 glem's o projectile density em?
Target thickness 1.000006400 em b target density e
'Damage parameter : Detached spall L ' thickness cm
2.000006+00 6 impact angle from target normal deg
6= 0. impact normal to target
projeciile velocity kanss

/ ;

<Ballistic Limit Equation>
(O Diameter
@

(O Double Wall

<Parameters>

Target material : AGOG1-T6

Brinell hardness of the target :
Speed of sound in the target :
Target density :

Target thickness :

Damage parameter : Detached

9.50000e+01
5.10000e+00 | km's

<Ballistic Limit Equations>

for (pyp/py) < 15

K524V cos 6/C) ‘I

Save || Gancel

2.71300e+00 g/em”3
1.00000e+00 | em

spall v

2.00000e+00

File Edit Modeler Option
Converter | | Solver

TURANDOT GUI
Damage Mode

: Single Wa

MASTER-2000

o QY input
O Lattice
&l materials

output

@ ) Satelite
3 debris 2018120 primdd

Damace Mode _ Modeler Parameter

#ad | | Remove | [ Golor Gurve View
DamsgeMode | <Name/Sub-System Property>
Damage mode name: Danagellode cotor: I
@Stz ODP OTC O ADC O Power O Prop. O Themal O Mission
<Ballistic Limit Equation> <Symbols>
QD Symbol _Description Units
L dccritical projectile diameter at shield failure threshold  cm
QDo el HB  Brinell hardness of the target
S s C. speed of sound in the target Kis
Targetmateral: A5051-T6 v k damage parameter
1.8 for perforation
Binell hardness of the target 9.50000e+01 2 for detached spall
Speed of soundin the target 5100006400 fon's 3.0 for incipient spall
Target density 2.71300e400 glem's po projectile density o
Turget thickness 1000002400 | em . tagetdensity gem®
‘Damage paramete  Detached spall - + thickness em
2.00000400 6 impactangle from target normal deg
6= 0: impact normal o target
7 < V. projectile velocity ks

@ Single Wall
(O Double Wall

<Parameters>

12

<Ballistic Limit Eqj

Target matenial : User definition

Brinell hardness of the target :
Speed of sound in the target :
Target density :

Target thickness :

Damage parameter : Detached

km/s
glem™3 Sove | | Gancel
cm
spall v
2.00000e+00

(@) Single Wall
(O Double Wall
<Parameters>
Target matenial : AG0G1-T6 b
Brinell hardness of the target : 9.50000e+01

Speed of sound in the target :
Target density :

5.10000e+00  km's
2.71300e+00 g/em”3

—

Damage parameter : Detached spall

v

2.00000e+00

This document is provided by JAXA.
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TURANDOT GUI
Damage Mode : Double Wall
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File Edit Modeler Option
Gonverter

Solver

MASTER-2000

Damace Mode  Modeler Parameter

aad | [ Remove | [ Golr Gurve View
© Crpon
Ctettce Oamateliode | <Name/Sub-System Property>
¢ Qs Tm——— it coor: I
Satlite 56 ODP OTIC OADC O Power O Prop. O Themnal O Mission
3 debis 20181204 rimdd
<Balistc Limit Equation> Symbals>
Dismeter
(© Symbol _ Deseription Units
(of 4. critical projectile diameter at shield failure threshold an
© Dk Wl o projectil density em®
SRR /. bumper density gem®
e s P o rearvall yield siress ki
iy o = S standoff distance from back of bumper o front of rear wall  cm
f bumperthickness m
Bumper density 2.718008+00 | giems e rearwall thickness m
Bumper thickness @ 6 impactangle from target normal deg
Rhacral id e 4700008401 ksi 6= 0 impact normal o target
Reaewall ickness - V. projectile velocity [
Standoffdistance V. normal component of projectle velocity = V cos§ Kanss
from back of bumper @
o frontof rearwall
—

—

T <Ballistic Limit Equation>
(O Diameter
O Single Wall
® ;)ouble Walt
<Parameters>
Bumper material : AG061-T6 o
Rear wall material : | 42024-T3 &
Bumper density 2.71300e+00  g/em”3
Bumper thickness : cm
Rear wall yield stress : 4.70000e+01 | ksi
Rear wall thickness : cm
Standoff distance
from back of bumper = cm
to front of rear wall

<Ballistic Limit Equations>
for V, > This

de = 3,918, 9,3, VOV cos 0 2/3S 3 70)1 1
for 3kmis < V, < Tkmis

de = [(1e (/40 + 1) /(1.248p,%% cos )™V x [1.75 - (Va /)]

o308 3 7013 | x (Vy /4 - 0.75)

for V, < 3kmls,

1819

do=

(o (0100 + 1) /{0 6cos 01075

for oblique impact angles over 65 degrees

e

Save | [ Gancel

TURANDOT GUI
Parameter : Time/Target

Damage Mode Modeler Parameter

Time/Target Impactor Input/Output User parameter{uspara txt)

< Time setting >

Begin of analysis time:

End of analysis time:

< Target orbit >
Semi-major axis [km]:
Eccentricity of the orbit:
Orbit inclination [deg]:
Right ascension of the ascending node [deg]:
Argument of perigee [deg]:

2018

2019

67936
0.00
0000
0000

0000

yyyy

yyyy

01 'mm 01 |dd |00

01 mm (31 dd 00

Pre-Parametric

14

15
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TURANDOT GUI
Sharing analysis conditions

Damage Mode Modeler Parameter

Time/Target Impactor Input/Output User parameter{uspara.txt)

< Time setting >

Begnofanalysisfme: 08 |yyyy 01 |mm 01 |dd o |m
End of analysis fime: 2019 |yyyy |01 |mm Edd nn

< Target orbit >

Semi-major axis [km]: 67936
Eccentricity of the orbit: 0,00
Orbit inclination [deg]: | 0.000
Right ascension of the ascending node [deg]: |0.000

Argument of perigee [deg]: | 0.000

Damage Mode Modeler Parameter

Time/Tareet User parameter(uspara txt)

< Time setting >

sencrmsssime [0 s 0 e 0 &
End of analysis time: 2019 |yyyy mm 3 dd hh

< Target orbit >
Semi-major axis [km]: 67935
Eccentricity of the orbit:  |0.00
Orbit inclination [deg]: | 0.000
Right ascension of the ascending node [deg]: 0000 Randomize
Argument of perigee [deg]: | 0.000 [ Randomize

TURANDOT GUI
Modeler

| Rot3D FitSze | Srf-lnfo DViewm | %Y | ¥z | %2 |NoScale

Damage Mode: no_dm Grid Cut

Rotation
Rot fxis: | x v|
Aneleld) |0 |
Rotate Rot All
Rot FLA | Dackine |
Translation
x[x] comp: |0
'] comp: |0
22 comp: |0
Move G Maove L

Present coordinate:

[(0.0.0)

Calc Distance:

[]Fix Scale As Was

More Rot/Trans >>

Group ~ Uneroup

Make
| Box || PGyl || P-Frst || P-Gon | Gy || GCome | Frustum || P-Pt || Gyi-Pt || Sphere || Hole |
Unit (i |_ x: (3000 |y:[4000 |2t (5000 || Make || Chne | Undo || Del |
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TURANDOT GUI
run ORDEM 3.0

Converter run ORDEM 30 Solver

W]cebris 2018120
Clcfe
(] input
(] Lattice
-] materials
(] output
(] Satellite
(3 debris_20181204 prjmdd

Damage Mode Modeler Parameter

Time/Tareet  User parameter(usparatxt)

ORDEM 3.0

< Time setting >

Begin of analysis time: 2018 |yyyy 01 |mm (01 |dd |00

< Target orbit >

End of analysis time: 2018 |yyyy (01 |mm |31 |dd 00

Semi-major axis [km]: 67936
Eccentricity of the orbit: | 0.00
Orbit inclination [deg]: 0000

ORDEM 3.0

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

analysis modes

Parameter ORDEM 2.0 ORDEM 3.0
Spacecraft &
Telescope/Radar Yes Yes

Time range

1991 to 2030

2010 to 2035

Altitude range with
minumum debris size

200 to 2000 km (>10 pm)
(LEO)

100 to 40,000 km (>10 pm)*
(LEO to GTO)

34,000 to 40,000 km (>10 cm)
(GEO)

Circular (radial velocity

breakdown by type
& material density

Orbit types ignored) Circular to highly elliptical
Intacts
Low-density (1.4 g/cc) fragments
Model population Medum-density (2.8 g/cc)

fragments & microdebris
High-density (7.9 g/cc)
fragments & microdebris

RORSAT NaK coolant droplets (0.9 g/cc)

Model cumulative
size thresholds
(fiducial points)

10 pm, 100 pm, 1 mm,
lem, 10 cm, I m

10 pm, 31.6 pm, 100 pm,
316 pm, 1 mm, 3.16 mm,
lem, 3.16cm, 10cm, 31.6cm, I m

Flux uncertainties No Yes
Total input file size 3.5MB 1.25 GB
Meteoroids No No**

NASA Orbital Debris Engineering Model ORDEM 3.0 - User's Guide, NASA/TP-2014-217370, p.5
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Igloo and Celestial Grid

Igloo
* 10 deg (in azimuth)
x 10 deg (in elevation)
* 614 cells

08 -
06 -

0.4

Celestial Grid
+ about 1 deg? (0.3 msr)
* 41,258 cells

0.2

-0.2

-0.4

-0.6

-0.8

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

20
Redistributed fl
ORDEM 3.0 "2-D Directional Flux" (DIRFLUX_SC.OUT)
ORDEM 3.0 "SIZEFLUX_SC.OUT" and
vzt e mi;‘i;'iifi?::;".”::w . Cumulative Flux based on Celestial Grid
- 104 T x T
= ORDEM 30 —
H o TURANDOT ©
3 102 . 4
5 100k
T
x
2102
0
3 E
4 8 104 |
-5
-6
. 10° |
-9
=5 108 | | | |
10° 10* 103 102 107! 100
Diameter /' m
Year:2014
Perigee Altitude / km = 400.0, Apogee Altitude / km = 400.0,
Inclination / deg = 51.60, RAAN/AoP : random
21
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Conclusion

« An overview of TURANDOT was presented.

« TURANDOIT is a user-friendly tool of M/OD
risk assessment.

This document is provided by JAXA.





