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Methods to contain critical elements shall be investigated, assessed, traded-off and
a prototype of the containment method(s) will be developed and tested.
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D4C " Design for Containment*

TaSk 1 Containment :

+ Make multiple non-demising objects impact as a single

STATUS : Litterature (Previous Activities) abgect,
Initial ESA CDF Micra D4D Webcast (2014)
APPROACH & SOLUTION :

D4D S/C TAS activity (2014-2016) => RWA & Tank
D4D S/C Airbus activity (2014-2016)) => S2 MSI optical bench =
ALTRAN BB proposal : Demise / Survive Block (2015) => (Not selected)

D4D S/C OHB Activity => Containment tether (2017) => presented ESOC (2017)

D4D OP/L (TAS) : Carbonsat

D4D OP/L (Belstead/FGS) :

SECRET activity (Beck, Schleutker, Caiazzo, & Soares, 2019):

OUTCOMES & RESULTS :

RD [1] N. Eggen, T. Soares, L. Innocenti: Containment methods for the atmospheric re-entry of
satellites, First International Orbital Debris Conference (2019).

Link at: https://www.researchgate.net/publication/337898815_Containment_methods_for _the atmospheric_reentry of satellites

RD [2] D. Riley, |. Pontijas Fuentes, J. Meyer, G. Proffe, T. Lips: Design for Demise: Systems-level

techniques to reduce re-entry casualty risk, 7th European Conference on Space Debris (2017).
Link at: https://www.researchgate.net/publication/293824337_DESIGN_FOR_DEMISE_TECHNIQUES TO REDUCE_RE-ENTRY_CASUALTY_RISK

RD [3] J. Beck, I. Holbrough, J. Merrifield, S. Bainbridge, P. Doel: Demisability of Optical Payloads,

ESA Clean Space Industrial Days (2017). Link at:
https://indico.esa.int/event/181/contributions/1420/attachments/1329/1554/2017_CSID_Beck_BRL_DemisabilityOfOpticalPayloads.pdf

RD [4] European Space Agency, ESA DIVE - DIVE - Design for Demise Verification Guidelines for
Analysing and Testing the Demise of Man Made Space Objects During Re-entry, Issue 1 Revision 0, 2019.

)
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D4C " Design for Containment*
TaSk 1 Separated parts

STATUS :
ALTRAN activities (2012-2018)
-> e.NOVA Aerospace (2019-)

Tank reference area: 0.37m?
RW reference area: 0.1m?# (x4)
DCA=1.45+(4x0.8)=4.65m?

APPROACH & SOLUTION : 100% of DCA
CLEANSAT Technological Building Block :

DEMISE/SURVIVE BLOCK (Not Selected)

Reaction Wheels DEMISE: (ALTRAN BB11)

OUTCOMES & RESULTS :

DCA potentially reduced up to >50% (TBC)

Reaction wheels

ThaIesAIér?a

T A Spgce

Contnement DOX

Structural protective frame
Reference area: 0.7m?
DCA=2.06m?

44% of DCA

Architectural block

1/Fs linked & protected
Reference area- 0.6m?
DCA=1.80m?

40% of DCA



D4C " Design for Containment*

Task 1
Carbon-carbon impact
STATUS :
ALTRAN Research activities (2012-2018)
-> e.NOVA Aerospace (2019-) The central cone of the Sentinel 3 satellite FEM were replaced

by a 3.1mm NB41 carbon-carbon sheet with mechanical properties :
E =200 GPa ./ Density = 1970 kg/m3 / Yield limit = 169 MPa

APPROACH & SOLUTION : Mass = same as original CFRP panels
Containement Box :

SVM Central Cone made out C/C

SYSTEM Impact Analysis /

1.89+007)

(S3 Analysis made @ iso-resistance S3 analysis) 1764007
1.64+007

1.51+007

1 1.39+007

OUTCOMES & RESULTS : Displacements under 1g Loy
‘|‘l O HZ Lateral MOdeS Disp X — HComb 1.13 um 1.34 um 7.96 um 8.89+006

- ) Disp Y - HComb -250.98 um 14.71 pm 24.63 um e i

+ 1.5 Hz Axial Mode Disp Z- HComb -13.36 um| _ -245.70 pm 1.51 um 6 504008

Disp X - C/C 1.70 pm 1.26 pm 6.88 um e

: Disp Y - C/C -190.30 um 11.1 um 25.17 pm 5894006

on MOdal AIIIHIYSIS Disp Z - C/C -10.16 pm| -183.42 um 1.41 pm 2 64+006

But More Stiffness y 8o 594005

Altran Research / AlLTRan e N@VA
o



D4C " Design for Containment*

Task 1

STATUS :
Reentry

Systems

APPROACH
TPS Evolutions

OUTCOMES
Ablative
Reusable

-> Deployable
-> Inflatable

SHUTTLE
UPGRADES
SPACE SHUTTLE -

..............................

...................

MARS

MAGELLAN

i PATHFINDER

BLUNT BoDY .

CONCEPT PAET PIONEER-VENUS GALILEO
(H. Allen)

MARS DS-2

Shuttle Ops

ol

EFT-1




D4C " Design for Containment*
Task 1

A9 ananecroup

STATUS : TPS State of the Art

APPROACH & SOLUTION :
Ablative Materials
Aerogels

#2000

THERMAL PROTECTION PRODUCT LINE

OUTCOMES & RESULTS:

NASA Legacy

Avcoat

DATA SHEET AN

External Tank Thermal Protection Systems Materials

Liguid Hydrogen Tak Dome At Struts

.m‘ Snr *B)-265 External Tank Foam Malerial
siries 24-124 Apex cibsanut 5 2
S i Trade Name | Composition
» Super-Lighwesght Abiator-561 SLA-561 A

Al Interaces/Cable Tray MA-255 2
- X6 ; i Isocyenate Palyd,
* Producs Develorment POL-1024 Flame|

Laboratony-1004 clossouts Surfactant Catalyst
» Super-Lightwsight Ablator-661 e

» Superdightweight Ablte- 551
* Product Deyelopment |sborstory-1034

Liquid Oygen Feediine
* BX-285
* Product Development
Ebckatohy IR Liguid Oxygen lca/Frost Ramps
* Product De
Leboratory- 1034
Liquid Oxygen lea/Frost Ramps * Super-Lightwaght Ablator-561

Liguid Oxygen Cable Trays.
and Fairngs
* Super-Lightweight Abiator-561

Liguid Oxygen Feediine Fairng
* Supes Lightwsight Ablator 551
* BX-265 closeout

Composite Nese Cone

Intertank Acreage
» Nosth Caroiin Foam

nsiries 24-124 Liquid Oxygen Tank Ogive/Barrel
» Nexth Carsling Foam Industiies 24-124

Tank's Thermal

matenals for

]
asmmlzaert:v:_;; els

PICA
Pyrogel® 2250

Foams FLEXIBLE INSULATION FOR HIGH TEMPERATURES

Pyroget® 2250 |5 a fiexble serogel nanaporoes: insuksbon Blanket designed for high-
tEmperature appikations incucing tmnsportation, pover generstion, thermal and fire
pretection, and tube bundies and small dameter hating

Lising partentesd nanceschnology, Pyrogel® 1350 cormisnes & =fics sermgel wih reinforsing
fitaers 1) clefiver vy lows thesmal conductivity, high tempemture resistancs, and good

feabibty in an envimnmentally safe poduct

Pymgel® 2250 provides exrslient thermal performance up to 3929 [ 2009C), while offering
rmary advantages inciuding low dusding, Figh E=nsie srergh, high compressie strength,
and Fydmsohicty.

EU - H2020

Physical Properties

ASTERM s

QL0 in (2 mm)
M, e Temp BEROF (20T}
Color Black
PROSIAL [ 107 bt (0.27 gic)
Hydophobic e

Materisf Form™ 57 i (1,448 mm] wide x 450 ft (137 m]) kg il
Lisex; Ehaan 3% pom when tested Lsing ASTM CETL
317 pei per modified ASTM DS, singie layer
specien & 1 in width

Chiodde content

NORCOAT...

Terslle Strength

ety 2 e ot v

* Fovrina his

NORCOAT®LIEGE

THERMAL PROTECTION PRODUCT LINE

[ ——— Norcout® 5000
Norcoat® 4000 Prosial® 2000
Norcast® 4011 Asterme

Cork hased abiative thermal protaetion




111 Reentry

D4C " Design for Containment S
Task 1 .

CFRP (inner body structure)
C/SiC panels (Wind Ward)

[ |

T T 5 ‘Ceramics Alumina Silica (insulatig i
Z‘ : SiC (Nose) |
E

SuperAlloys (bolts)
Ceramic (Th barrier & seals)

TAS Group Experience

3. CONCLUSIONS:

Optical Instruments

Stable Structures
TOPIC:
IXV -TPS
Post-flight

APPROACH & SOLUTION : 31";‘.\3}5.?%1‘335
Reentry Body Techniques & Technos [{§ 17-‘ - Al
Reusable TPS : C/C, SiC etc...

OUTCOMES & RESULTS:

Expert, IXV Legacy -> Space Rider
IXV

ESA, prime Thales EXPERT
Alenia Space, launched
11.02.2015, successfully
recovered

ESA, prime Thales
Alenia space, spacecraft
* completed in 2013,
launch on hold

Figure 1-8 TAS successful experience in re-entry containment vehicle



D4C " Design for Containment*
Task 1

STATUS :
Reentry Kits / Deployable Shield / F-TPS

-
NASA

APPROACH & SOLUTION :
IAD: Inflatable Aerothermal Decelerator
DAD: Deployable Aerothermal Decelerator

SR-1 Features
- 0.7m deployed diameter
- 8ribs, 70 deg symmetric shape
- 4 layer carbon fabric system
- Unguided, ballistic entry
- Sounding rocket payload
125 km apogee (Mach 3 peak)
Negligible aerothermal heating

OUTCOMES & RESULTS :
NASA Legacy:
EU H2020 initiative (EFESTO)

recovery

ADEPT SR-1 & Lifting Nano ADEPT

- Simple, dual spring deployment system -
- Freefall, ground impact, on-board data -

JOHNS HOPKINS

AFPLIED PHYSICS LABONATORY

LNA Features
1.0m+ deployed diameter
12 ribs, 70 deg asymmetric shape with trim tab
6 layer carbon fabric system
L/D =0.19 (AoA = 11 deg), Guided hypersonic flight
LEO Secondary payload (ULA Centaur ABC)

7.6 km/s entry from LEQ (Mach 27 peak)
- Aerothermal heating (>100 W/cm?, 3.5 ki/em?)
Electro-mechanical deployment system
Parachute terminal descent, air-snatch recovery

thout ADEPT Project Approval

4
Reentry
1. TOPIC: Inflatable Decelerator (IRDT)
Inflatable Reentry Descent Technologyy
1. STATUS: OSMART OPERATIONAL
LOFTID SYSTEM
HIAD: Hypersonic Inflatable Aerodynamic Decelerator fe)
SIAD: supersonic Inflatable Aerodynamic Decelerator ﬁ
IRVE -3&4: inflatable Reentry Vehicle Experiment HEART
3m / 10 foot Inflatable Heat Shield IRVE-3 .' DEMO FLIGHT
LSDS: Low Density Supersonic Decelerator [ ] .0. ‘
Inflatable heat shield M<3,5 IRVE-1 IRVE-2 EFESTD'IODO“' ) 3
Supersonic parachute 30,5m : fighlg @ H|A2-2 K
THOR: Terrestrial HIAD Orbital Reent o SCALED SYSTEM
s dameter IRDT:2 ® o i —
HEART‘ (not recovered) L] HIAD "
. SIRVE =) *" EFESTO ﬁ
3. CONCLUSIONS: SPEM ) ATDTools - e
0 o
iRr2 RTOS® o/AD/DAD TESTHO
2 @HYPMOCES t
e ®IRENA T
STEPS2
1
2000 2002 2003 2004 2014 2017 2020 year

E.NOVN



11

D4C " Design for Containment
Task 1

STATUS :
Reentry Kit / Deployable Shield

APPROACH & SOLUTION :
IAD: Inflatable Aerothermal Decelerator
DAD: Deployable Aerothermal Decelerator

OUTCOMES & RESULTS :

werrw high=tempe rature L oampeides oom

€NOVN

a) NASA inflatable heat shield surviging Mach 20 b) deployable containment heat shield proposed

j "emperature above 537°C. by E.NOVA
ThaIesAIen” a «%ﬁ{,'Tzfﬁ.ifﬂfJi.ffffz,%f’.iiﬁ:f

A —— pace Figure 1-9: Example of “full” containment solutions



D4C " Design for Containment*
Task 1

STATUS:

APPROACH & SOLUTION :
Wire Link &
Net Cage

OUTCOMES & RESULTS :

Figure 1-10 tethered feet on carbonsat solution proposed by deimos to reduce number of falling
distinct narts [one instead of 3)

STANFORD

AN -
Figure 1-13 Tungsten rope delivered by Stanford Figure 1-11 Thin wire made in molybdenum alloys by Figure 1-12 View of molybdenum mesh to encapsulate
Plansee together not demisable elements

TD,?,Lejf‘%';ch €.NeVN



D4C

Design for Containment
Task 1

STATUS :
SMA (Shape Memory Alloys)

APPROACH & SOLUTION :

SPRING

Auto-Thermo activated Mechanisms

—>Need TPS (Max OPS T" TBC)

OUTCOMES & RESULTS:
D4C Techniques/Technos

“Magic Spring” => Reduce DCA

NIMesis

Mass (Kg) 1 1 1
Margin 5 5 5
Force (N) 1.976 1.976 1.976
T°(°C) 400 600 700
Stress (Mpa) 340 130 60
Dia Wire (mm) 1 1 1.5
Dia Spire (mm) 100 100 100
Material TiNi TiNi TiNi
Density (Rho) 6.5 6.5 6.5
Rope length (m) 1 1 1
Wire Length (m) 7 7 7
STATUS :

Already Tested in PWT @ DLR
—ESA D4D Activity

Design for Dismantlement &
Break-up (OHB Awarded)

Full Success Techno
The most accurate and reliable
Overall ranked 3rd/31 technos




D4C ) DeSign for Containmenclo-\:ropen ‘Er:?'llt?':rwpe
Task 1

\ g A

» Shockless: progressive deployment » Compatible with a broad range of
satellites and spacecrafts

» 90° and 180° deployment

» Wide operating temperature range
(from -120°C to +80°C)

STATUS :
SMA (Shape Memory Alloys)

» High torque: up to 120 N.m
soft deployment —
i
Elahtwelght =
No lubricant
Plug & play li needed

/

!

APPROACH & SOLUTION : " Hybrid shell

Auto-Thermo activated I‘“““‘”“‘""e: crp
. ayup +ablatif
Mechanisms

—Need TPS
(Max OPS T'=600°TBC)

OR® 90 8 90 8 90
Total length (mm) 20 180 270
OUTCOMES & RESULTS . D4C Fasteners length (mm) 2x10| 2x5 [2x15|2x10 | 2x25|2x15
= ’ Titaniumring Containment Oper;tinnal length ‘mm) 70 80 150 160 220 240
cover = i i
Tech n Iq ueS/TECh nos ‘ iameter (mm) 12.8 9.7 211 13.8 28.4 18.0
# - Nominal deployment angle (*) a0 180 20 180 90 180
p— 2 Maximal deployment angle (°) 110 220 110 220 110 220
= Deployment accuracy! (°) 2 4 2 5 2 4
1] ” ntainmen ibility (*
Foldable Structures st ‘ Reproductiblty (') T | 2 [ 1| 2 | 1|2
Heat shelf ; Maximal torque (N.m) 6 9 56 8 118 29
. Telescope \ release SMA S - - -
: C I O S e BOX M e C h an | S m S cavity ) - Torsional stiffness (hot) (Nm/®) 1,7 0,2 17 1.2 53 43
=== : Torsional stiffness (cold) (Nm/°)  [0,2-1,7/0,02-0,2| 1,8-17 |0,1-1,2 | 5,8-53 | 0,5-4,3
F titani
Foca ) ',’m; tanium Mass (g) 32 11 | 292 | 82 | s41 | 280
plane =
« . B e - Power (W) 32 11 145 41 469 140
SMA Torque Hinge oy Norningl voltage 1V R o
- Soont g Nominal current (A) 4 1,5 9 2,5 4,5 5
=> Fo I d Baffl e & C I ose BOX :::I!Iaiﬂmem Actuation duration (s) 300 | 300 | 600 | 600 | 600 | 600

a)

Figure 1-23 Example of (a) HR optical payload containment by a shell with close up cover and (b) Nimesis Selflignited

SMA bolt release already quah ied

NiMesis




D4C " Design for Containment*

Task 1
CONTAINMENT METHODS
//|Regroup ///Protect
I Architecture change I Protection Upgrade
I Adaptative change I Protection Addition

f Heat Shield Implementation

/// Attach //lEncapsulate
I Specific attachment f Partial Encapsulation
I Interface change I Total Encapsulation

I Design change

ThalesAl ﬁl;?a

Tl 7 L pace
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D4C " Design for Containment
Task 1

PROS :
Switch from

—>To NON Controlled Reentry

Propellant Capacity /2 or /3
Propulsion system : as Usual (Simple)
S/C reliability : no EOL disposal

S/C 2tons -> 1ton
S/C price decreased (NRC& RC)

Switch L/V =>Soyuz/AR6 -> VEGA

L/V Price : /2

CONCLUSION :

CONS :
Low TRL

Technological Developments

Higher kinetic Energy

Better 1 lethal impact Twice the Energy
Than 2 lethal impacts half the Energy

With just some technological developments

=> COULD BE a GAME Changer :

If S/C can switch to

ThaIesAIen” ia

a Thales / Leonardo company pace

-> Non Controlled Reentry

ENSVN



