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é cnes Introduction (1/2)

CNES Safety concerns
Risk management for launches from Guiana Space Center
Random or controlled re entry of LEO spacecraft

State advisor for space safety (French space act June 2008)
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é cnes Introduction (2/2)

ELECTRA Objectives

To develop a unique Method and a Software to estimate the risks
of fragment fall back (launch and reentry)

CNES Know-How

* Ariane launchers Hazards analysis
- Space Mechanic
- Satellites operation

* Risks Analysis
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Ccnes Method (1/2)

Loop on all the trajectory’s segments

Loop on possible failure
scenarios for each segment

Loop on debris generated
for each scenario
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Ccnes Method (2/2)

ELECTRA® : 2 complementary estimations
= Probability Pc of incurring at least one victim
= Expected value Ec
A

Ee(i, ) = P(0, XN <2

where:

P (I ! J ) Probability that fragment i will fall inside cell j,

N J Number of inhabitants in cell j,considered as being uniformly distributed,
A

Sj Surface area of cell j.

Impacted surface area assigned to fragment i (casualty area)

The pair {Pc(21), Ec} enables better characterisation of the risk
incurred, particularly for heavily populated zones.
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écnes Models (1/6)

Three types of space activities for which the ELECTRA©®
method characterises risks :

=  Launch :'Risk during Launch’ module

..j.:'x

l-entry' module

= Controlled Re-entry : ‘Controll¢

I ™

4

' module
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écnes Models (2/6)

Factors taken intfo account in the COLLECTIVE RISK inherent in a
spacecraft flying over a populated area (launch phase, controlled re-entry,
random re-entry) .

Trajectories are simulated with dispersions

Fragmentation point
Failure or premature stop

Possible debris impacts
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écnes Models (3/6)

"Impact risk”

= 1 - FRAGMENTATION (1/2)
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écnes Models (4/6)

"Impact risk” = 1 - FRAGMENTATION (2/2)

» Input data
* Great impact on risk results
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Mass of objects
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écnes Models (5/6)

"Impact risk”
= 3 - Consideration of population density

= 2 - Calculating the re-entry trajectory GPW - V3 - 0.25°

N Débris retombant au sol
- sphére de rayon Ri

\

AHAH;
4 [5Y g po= @0+ R
2 i T T GERT e TR
Ac = 2(0,6 +4/5, ) = Z T —+.— LG
i=tous les fragments i=tous les fragments 2 T Etre humain

- largeur d’épaule di, = 0.564 m
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é cnes Models

"Casualty risk”

(6/6)

For this, the following points must be defined:

W

ELECTRA Launch and Re-entry Safety Analysis Tool

The intrinsic danger rating

of the fragment upon impact. | --

Seulls e létalité dans ELECTRA

———r———F ety vedrre AFF 3 - PV

The protection afforded by dwelling structures.
The percentage of protected and unprotected

people according to their locat

ion in The world.
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Ccnes Methodology for use (1/2)

=A+B+C

R ELECTRA LAUNCHER

A — R (2’ )'Risk during Launch ' Module
B — R Fallback of Stages

C — R 'Random Fallback Risk 'mod ule

C=(1-u)xR(A)

X
+ /u R 'Random Fallback Risk ' mod ule

'Controlled Fallback Risk ' Module

in the event that deorbiting the upper stage is part of the mission.
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écnes Methodology for use (2/2)

Controlled re-entry
of a space craft

|
I |
4 Y ™
Controlled Re-entry module Random Re-entry module
Nominal Non-nominal Non occurrence of failure of Lasf
Re-entry re-entry deorbitation boost leading to a ref
Last deorbitation boost | antry after several orbits
failure or underboost
. J
N\ J

To evaluate the risk of the controlled re-entry of a satellite, we used:

RELECTRA SAT A+C  where

C=uR

'Random Fallback Risk' module

A=(1- )R ()

Controlled Re-entry Risk' module

With:
*u as probability of a random re-entry
‘A as unreliability of the last deorbitation boost
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écnes Software's Conception (1/4)

The computation module:
ELECTRA®

RISQUE AU LANCEMENT Conf.: ELC_L_performances_10sim= Fopulation : POF_025_2000_glpn0agis_asc Trajectaire lanceur : Y100PHONDTROT _ags
Type de lanceur @ ariane_ASECA Pasdetir: lat0.09 lon-0.92 alt 47,76 azimut de tir © 90.00 - HO-®xs20611.000-1.40s
simulation  cond.inftiales | fragmentation | population | wéhicule | défiabilicé | modéles | intégration | config. des sorties | paraliélisation |

PARAMETRACE [ES CONDITIONS INITIALES charger onglet .

Norm du fichier de trajectoire du lanceur WT00PHONDTROT_a&s

coord, du pas de Tk ;

Date de lancement 07/06/2006 00hO0MO0s000 cal
P silis anabyuin © £_ATV_dagratie
Map Took: » Dispersion sur la trajectoire ;
Layers Managemant -

Type de dispersion 4 sucune - Fichier de natrice
=i Base Lnynes.
S World base
1|- e Mombre de tranches d'interpolation 0

Impacts Management

m——— The viewer module:

Synthesis

e ORESTE®

Shaw graphi
Risks sum

Top-LeR corner

Lat Em.“m:u’?m
wp  ww i

Calculate

~1BE7461, 1484141
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écnes Software's Conception (2/4)
= ELECTRA®

inblazquez Mode:analvse Language:en

 Display — |

CONTEOLLED ENTEY Layout: ELC_C_ATY_noeminal® Fopulation: FOF_025_2005_alp0Sag1s_asc

sitnulation ] initial canditions  fragmentation ] population ] vehicle ] behavior ] manaeuyres ] patterhs ] integration ] autput layout ] parallelization ]

FRAGMENTATION BARAWMETERS

1stfragmentation altitude

Dispersioh & Uniform - - Gaussian

Maxirmal fragmentation altitude |?5.uuuuuuuuuuuuu ki

Kinimal fragmentation altitude | 45.0000000000000 km

Lists number 1

Current list number |1— 1 | 1
List 1

Frobability | 1.00000000000000

List file narne |DEE_3,40,300

li
l%



écnes Software’'s Conception (3/4)

= PSIMU® : Trajectory extrapolator

PSIMUO® is one of the basic tools used for Flight Dynamics
studies and operations in CNES.

orbit  Mehicle characteristics ]m:titude | separations | Propulsion | Integration | Models | outputs | Ewents |

Simulate any kind of
° ° YEHICLE CHARACTERISTICS:
TraJecTorles around a p | anet vehicle shape: - sphere - plate # cylinder - parallepipede

° ° ° Ared Wrbx axis [16.0700000000000 maz
(ConS|der‘|ng aTT'TUde and Transverse area: ['35.7600000000000 maz
Solar panels area wrtx axis | 33.7200000000000 th Ao

manoeuvres) Solar panels area wrt y axis | 0.00000000000000 th Ao
Solar panelsarea wrtz axis | 0,00000000000000 Ao

From ver‘y high a'TitUdes (even i [12450.0000000000 s
in case Of eccen"'r'iCi"'y gr‘ea"'er‘ Solar radiation pressuve BEH ¢Default waiues)
than one) as well as for re- o o N

Multiplicative coefficient: [ 1.00000000000000

[ ] [ J
entry frajectories up to zero st s
Drag coefficient valus | 240000000000000

me."er Of alti*Ude. Lift coefficient value: | v.ooooooo0000000
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écnes Software’'s Conception (4/4)
= ORESTEO© : ELECTRA®'s viewer

To help at the decision and to

provide the elements needed to
minimise risks.

Avoiding big cities —

Special focus on the

possible stops that high the
risk
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écnes Conclusions and Prospects

>Calibration of Risk estimations

>Objectives and method Unification
between launch and re-entry
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