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Abstract

Preliminary analyses at ESA have shown that sphets in LEO with masses above 500 kg
might already imply an on-ground casualty risk leigthan 1E-4 in case of uncontrolled re-
entry. Compliance to this casualty risk requiremeraty be achieved through controlled re-
entry, but this solution has a major impact ateystevel. Sometime it requires a full re-design
of the spacecraft and may involve to switch to engpletely different launcher performance
(consequently a significant mission cost impact).

This option may be avoided with achievement of cleemp ablation (demise) of the spacecraft
upon uncontrolled atmospheric re-entry. The scedalesign-for-Demise discipline (D4D) is a
highly multidisciplinary approach that can bringrsficant benefits in the future missions in
the medium to long term.

ESA created in 2012 the “Cleanspace” initiative é&aim to promote actions on green aspects
and debris remediation. Recently ALTRAN was involvaside THALES ALENIA Space
consortium in those ESA activities on S/C D4D tegbas and proposed several D4D concepts.
This ESA D4D study had the objective to find D40usions for the Sentinel-1 study case
(around 2 tons). This objective were about to le@tétically achieved.

The outcomes of those D4D studies performed inllearat level of 3 LS| (Large System
Integrator) were concluded in early 2016 [17] [48H used mainly ESA Sentinels S/C as study
cases. Those studies all demonstrated that S/Cadttament (controlled and earlier to natural
break-up) has a major benefit in reduction of S/€bis Casualty Area (DCA). Then this
technique has to be considered with high priontg iglobal approach for D4D improvement.

The proposed ALTRAN/NIMESIS study CLEANSAT BuildinBlock 10: Shape Memory
Alloys (SMA) Dismantlement Mechanisms has inveggdaseveral technological devices and
SMA material options for their suitability to be memented in LEO satellite H/W of main
European LSI for dismantlement during atmospheriemntry.

1 Introduction

The benefit of an early and controlled S/C disnman#ént was already clearly identified at ESA
CDF D4D in late 2013 [10]. During those webcasteropo industry, ALTRAN proposed
several concepts including the AltranSat V2 intwdg structural blocks release by
mechanisms triggered by re-entry temperature.

This technique was clearly confirmed at end of H3#D Activity by TAS & ADS consortium
even if elements such as propellant tanks or m@actiheels are design to demise; the late
exposure of those elements in aerothermal fluxacetill jeopardize their demise.
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So, historically ALTRAN investigated several optsopased on several technologies:
* Pyro-cut & Thermo activation
 SMA activation ,
* Glue sublimation on already existing H/W or dedéchgjlued path for dismantlement
» Easy-demise structural or joining elements

After preliminary assessment, the attention wagentied on dedicated release mechanisms
that can be triggered at SMA at higher tempera@aseatented by NIMESIS)
The main advantage of this SMA options versus raditares:
- Inert material non-sensitive to space environmediétions, ageing, lifetime)
- Capability of a relatively low and accurate trigggrtemperature (few energy needed)
- Capability to be installed in a structural deviceroa clean release mechanisms

The main problematic points to be investigatedhos study
- Clarification of S/C thermal environment in S/Clgae-entry (External —Internal T°)
- Clarification of S/C Dismantlement needs (appliatstudy cases — preload/rupture)
- Clarification of SMA capabilities : Stress rangeSafe — Triggering T° (SAFE/TRIG)
- Engineering of dedicated innovative Concept talfutsl S/C dismantlement needs

S/C re-entry environmental conditions consideredAbyRAN at the beginning of the study
for rough assessment were:

Phase 0_Before Reentry: Altitude >150 knfSolar Flux but Aerothermal flux negligible)
25 years max atmospheric decay period => No debrislease allowed

= SAFE temperature to be assessed wrt to SMA transiti

= Max External T° assumed 120-150°C (TBC)

= Max Internal T° assumed 75-100°C (TBC)

Phase 1_Pre-Reentry Altitude = 150-120kmAerothermal & Re-entry flux)

Start of SMA heating & transition phase (earlyergry period, several orbits and hours)
= Max External T° assumed 250-350°C (TBC)
= Max Internal T° assumed 90-120°C (TBC)

Phase 2_ Reentry : Altitude = 120-100kntMainly reentry flux before S/C Break-up)
Range of intended external release (the highagiddt the better)

= Min External T° assumed 0-50-100° (TBC)

= Min Internal T° assumed 0-50°C (TBC)

Phase3 Reentry: Altitude = 100-80kniMainly reentry flux before S/C Break-up)
Range of intended internal release (the highéisi@de, the better)

= Min External T° assumed >100°C (TBC)

= Min Internal T° assumed >100°C (TBC)

The intention of this paper is to present the SMgntlement mechanisms presented in
CLEANSAT BB10 Study and relative thermal analysigastigated in order to ensure the study
to determine the SAFE/TRIG Temperatures to be saldor those devices.
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2 Applications
The applicative cases identified during ESA D4Dwaines [17][18] were investigated below.

2.1 Release External Panels

The early release of external S/C panels is obiyauglobal benefit for S/C demise

Different study cases have been investigated thraugrade-off to determine what the most
suitable solution for panel release is. Most pregosoncepts are based on release screws or
release inserts.

Figure 1: Panel junction with deck (end inserts3]1
Figure 2: Panels junction with end & bobbin insef18]

3-4 Study Cases proposed by ESA and LSI have lmeestigated
Those solutions are all based on flat cleats artjan brackets.

Bolt Bolt ! |
‘ Nut 4 7 o
Bottom Separation
Floor Plate
Burst
bracket
HEAT

Low resistance cleat bracket

between flat or corner panels

Figure 3: Cleat junction releasing in temperatuter]
Figure 4: Structural Bar cut in temperature
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In this case, the external panels are maintaineatabular frame bars and end brackets

The intention is to investigate how the structdirane can be dismantled by cut.

The bars can be dismantled by end SMA sleeve ectdBMA brackets, but in order to release
panel / panel the tubes have to be cut in longuaidiirection.

2.2 Release External Appendages

As investigated in the past on ESA D4D S/C actiyity] [18], it has been demonstrated that
early release of external appendages of a re-agtegacecraft has a global demise benefit for
the rest of the spacecratft.

A lot of LEO S/C have external appendage for sdiemhissions:
ENVISAT, ERS, METOP, SMOS, COSMO-SKYMED, SentingltDFT, BIOMASS

Figure 5: ESA Satellite with External appendages

Releasing those appendages implies to clarify wahatthe structural interfaces used for those
appendages. If most of the elements are based moydéle (and lightweight) mechanisms,
they also used standards interfaces such as sciategi@ces (compatible with frangibolts) but
also some specific interfaces such as Yokes , &agsbooms (pretty compatible with SMA
Sleeve concepts with a ratio of one sleeve verduadibolts)

2.3 Release S/C Modules

As investigated in the past on ESA D4D S/C actiyity] [18], it has been demonstrated that
early dismantlement of S/C modules ( P/L vs P/FE. gtof a re-entering spacecraft has a global
benefit for the rest of the spacecraft demise.

Several devices have been investigated since ESfaMVebcast on D4D S/C by ALTRAN.

Those concepts were inserted in the ALTRANSat iéing early release/demise of external
panels and on dismantlement capability of modules.
Main technological devices investigated were about:

0 Glued I.Fs or glued path released at hot temperatur

0 Upper deck and tube junction with clamp band sdaby one single Frangibolt

o Struts assembly between modules released via fraltgi, inserts, sleeves, ..
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Payload

Platform

Note. Solar Panels are not showed

Figure 6: ALTRANSat Concept V2

Main concept suitable for this application was iifead to use structural I/F struts.

This element gives advantage to concentrate thus limasegregation points and then reduce the
release interfaces. Several options can be profosedrelease at strut level: Frangible joints
or release panel inserts at interfaces, releaseesladapted mechanism at interface:

Figure 7: Strut release options (color code driwerbass efficiency)
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3 Concepts design

3.1 Concept 1: SMA Washers / Frangible Screws

Using the “Frangibolt” principle as for US TiNiAespace [19] products, the screwed I/F uses a
SMA washer expanding in hot temperature up to scupiure.

The main mechanical data (diameter, load and tenf@p I/F screws) of NIMESIS-designed
products were set within usual space standards,SHEHEB-32-23A Annexl and OHB and
TAS standards.

TECHNTITCA AL D ATA

/ TrigGY-NT IMes
/ SO Tricey-HT

Nickel-Titanium Shape Memory Actuators ]

\“§ \gﬁ A Copper-based HIGH-TEMPERATURE
3" oV Shape Memory Actuators
WO ot P 2

technical specifications

Smart actuators for deployment, release and dismantlement of space and 2 e ' S
technical specifications

aeronautics devices

The TriceY-NT product range includes actuators, heater and !
A...‘ A breakable bolt with specific characteristics. ‘ 4

Smart actuators for deployment, release and dismantlement of space and
aeronautics devices

The TriGev-HT product range includes actuators, heater and
breakable bolt with specific characteristics.

| Dimensi e given for en for purpose only.

Bl Triggy-NT M8 M10 M12 ru_;gyur

Flgure 8. NIMESIS Triggy Devices Datasheet

A reminder of the geometry and the architecturthefSMA washer and the frangible screw is
presented hereafter :
* “Frangibolts “ stands for US TiNiAerospace [19]ralents presented for comparison
» Triggering time are considered for active devicél{vembedded heaters)
* Assumption made on NIMESIS thermal assumption ssermed with no electrical and
thermal dissipation (very best case approach)

Comparaison M3 M4 M5 M6 M8 M10 M12
Length (mm) 13,7 25,4 31,8 38,1 50,8 56,0
Internal Diameter (mm) 3,2 46 7] 6,7 99 13,1
X External diameter (mm) 5,6 75 10,2 140 18,2 254
Frangibolt Thickness (mm) 12 15 25 3,6 41 6,2
Weigth (g) 15 46 12,5 289 59,5 1344
Triggering time (s) 20,0 32,0 30,0 35,0 60,0 72,0
Length (mm) 16,1 213 27,0 32,2 433 54,6 66,3
Internal Diameter (mm) 3,2 43 =3 6,4 84 10,5 13,0
External diameter (mm) 64 8,5 10,8 12,9 178 218 26,5
ACT-NT Thickness (mm) 16 2,1 2,8 32 45 57 6,8
Nimesis NiTi Weigth (g) 2,6 5,9 12,2 20,4 50,5 101,2 1794
Triggering time (s) 85 11,7 124 12,8 226 36,2 59,9
Safety temperature (°C) 20 %0 90 90 S0 90 9%
Triggering temperature (*C)| 139 139 139 139 139 139 139
Length (mm) 18 24 30 36 45 61 74
Internal Diameter (mm) 3 4 = 6 8 11 13
External diameter (mm) 7 10 12 14 19 24 30
ACT-HTCu Thickness (mm) 2,0 26 34 4,0 55 70 83
Nimesis CuAlNi Weigth (g) 4,2 9,7 20,1 338 83,6 167,7 296,8
Triggering time (s) 24,2 33,2 35,2 36,2 64,1 102,8 169,8
Safety temperature (°C) 150 150 150 150 150 150 150
Trig_gering temperature (*C) 224 224 224 224 224 224 224

Figure 9: NIMESIS geometrical and physical datakérnative products
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3.2 Concept 2: SMA Inserts / Release Screws

Several designs were investigated. The main prhiedgbased on a SMA part releasing a pre-
tensioned thread part or deforming it in a screapshallowing screw release.
This design is assumed to fit M4, M5, M6 classregjuirements for end I/F panels

Figure 10: SMA insert design in cut and explodexiwi

This design is composed of the following parts gemning following functions:
* The Panel insert glued inside honeycomb panel
* An housing cage maintaining all mechanism parts
= partis screwed-mounted inside the insert panaigiolacement capability
« A SMA Spring or a Ring
= To maintain the expansible thread in cylindricasd (SMA cold shape)
= To release the expansible thread (SMA in hot shape)
* A part with inserted guides inside thread grooves
» to avoid any interference between threads & schwisig release)
* A petals thread in titanium (baselined ) or SMAowl(as back-up solution)

The thread part shape and design shall be optinaisédiemonstrate the deflexion capability at
acceptable internal stress level.

A shorter design was later designed to fit with Biokinserts and internal panel I/Fs.
This concept represents today the best attractiseneass efficient device.

3.3 Concept 3: SMA Cutting Cords / Release Panels

This concept can be proposed on 2 study cases:
* Inter Panel Cleats
» Structural tubular Frames carrying Panels

Figure 11: Concept 3 Applications

The following external design was proposed by ALTRA
* An slight external groove is performed on the tube

* Groove width is relevant to cope with ratio of Tubaterial extension at rupture (20%
for Aluminium) and the expansion ration of SMA
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* Groove depth is relevant to confirm that overalidus still resistant enough to sustain
the launch loads
The following internal design was proposed by NIME&ES
* A series of SMA pins provide the needed strengtlextend the tube up to rupture
tension and groove restriction up to extensiompture
» A central header (metal or plastic) inserted insigetube is maintaining the SMA pins

Figure 12: Concept 3 Design Description

No calculation were performed in the time of thedstin cold shape assuming an iso-resistance
of the bar with the cutting weakness added witbrimdl stiffeners.

Calculation demonstrates the correct geometry efehts to obtain the required tension to
break an Aluminium tube with acceptable SMA stiessl in hot shape.

The design requires a large tube and significantbar of SMA pins inside the tube and then a
significant mass impact (to be compared with aliéwe solutions seen in a trade-off)

The same design can be extrapolated to cleat dradecutting cord tube down to a diameter
of 15-20 mm.

3.4 Concept 4: SMA Sleeve/ Release Struts , Bars & Boem

The design is composed of SMA sleeves tighteningaa RTM tube ends. Both bars are in
contact via those metallic end fittings. The ovieBMA sleeve encapsulate in fact metallic end
fittings in order to get friction factor under cooitwhich is essential to get a proper fitting to
transmit loads. This concept requires a signifieanbunt of SMA material and represent a less
mass-efficient concept, but could in some case dmpetitive in case of large screwed I/F
fittings. The large size of device induces to nelest mostly Ti-Ni SMA (likely demise
problematic)

Assembly - Hot Sleeve

Figure 13: Concept 4 Design Description
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4 S/C Re-entry analysis & Thermal Characterisation

It has been investigated by ALTRAN the capabiltycouple DEBRISK re-entry analysis and
ESATAN S/C models with addition of aerothermal fli@s already experienced in the past with
simulation of launch sequence phase after faitigspn).

DEBRISK allows to get trajectory elements duringergry in order to determine early
aerothermal flux and ESATAN is used to obtain trermadiative and conductive coupling
inside a S/C model after injection of input aeroth& data in an equivalent aerothermal flux
injected as an additive solar heat flux.

The technigue has the tremendous advanta

ge to be able to manage real standard S/C thermdélshas used for S/C design justification
(CDR Data package) and qualification test (Therb@éénce correlated by vacuum tests). Then
it should provide accurate external and interng.da

This technique should be a unique opportunity sess S/C thermal characterisation in early
re-entry without the need of HTG — SCARAB S/C whishunfortunately not accessible to
industry. Moreover this S/W needs to completely odet the entire S/C geometry and
materials inducing a lot of thermal inaccuracies.

4.1 Re-entry Analysis

The study case selected for this analysis was E&#fiigl-3 S/C. This re-entry analysis has
been performed on CNES DEBRISK S/W. Due to S/Wriagin to process jobs less than
10 000 seconds, several jobs in cascade were @aegassorder to obtain the 5-6 final orbits
and the complete pre-reentry phase.

Below is presented the re-entry profile of a SesitBrequivalent object in real and corrected
altitude (Orbital trajectory is near-polar demoastry the earth flathess via altitude
“oscillations™)

Altitude (m) per TIME (s)
200000 - 200 000
180 000
180000 -
160000 -
160000 -
140000 -
140000 -
120000 -
100 000 - 120000 -
80000 - 100000 -
60 000 80 000 i i i
0 10 000 20000 30000 40000
(m) (s) (m) 0 10000 20 000(8)30 000 40000

Figure 14: DEBRISK jobs for early re-entry trajecto

Thereafter the aerothermal is recalculated aloadrtjectory considering altitude, atmospheric
density and reentry velocity considering the usoahulas for the free molecular regime:
This formula can be considered as applicable fbesgpal shape down to 100-90 km:

q — “TpooVoo3
stfm 5 "



DOI: 10.13009/EUCASS2017-335

Stephane Heinrich, Joel Martin

a is a thermal accommodation factor equal to 0,80 energy getting inside the component)
p is the atmospheric density as provided by DEBRISKRA-MSIS 86 model available)

V is the re-entry velocity as calculated by DEBRISK

A specific coefficient factor has to be applied ttos formula to cope with our case of
rectangular satellite simulated as a non-tumbliog dlement.

For convenience in this first study experimentatibins formula has been applied down to
break-up altitude, (so set at 70 km as the DEBRSvest possible, then far below the
applicable free molecular regime.

Aerothermal Flux - Pre-Reentry

Flux (W/m?) per TIME (s)

= Flux
(Boxe non tumbling)

0 5000 10000 15000 20000 25000 30000 35000 200000 190000 180000 170000 160000 150000 140000 130000 120000

Time (s)

Figure 15: ALTRAN computed early re-entry flux (\W/per time(s) and altitude (km)

4.2 Thermal Characterisation

This simulation was performed on the ESA Sentinéh@&mal models as already used by
ALTRAN under an ESA Contract for TAS-F prime duridgvelopment and testing phase.

A simplistic S/C stable attitude was consideredEBATAN simulation due to solar arrays

panel acting as a tail drag until panel demise larghk-up down to 100 km. (This rough

assumption on S/C behaviour has been later cordirlyeHTG based on their simulations
performed on SCARAB S/W).

The S/C was tested in only one attitude: earth-famiated nadir and solar panel face pointed
backward the re-entry velocity direction. For siifiphtion in this first experimentation, this

attitude will be maintained in the complete simatas well. If this can be considered
simplistic with regard to full 6 DoF S/W such as ARAB, it can be noticed that this non-

tumbling attitude should be relevant and consereatfor our work on temperature

characterisation. It should involve worst casestenrm of temperature gradients: higher
temperature in hot case for SAFE T° determinati®MA in cold shape before transition);

lower temperature in cold case for TRIG T° (SMAeafiull hot shape transition).

The previously calculated aerothermal flux wasadtrced in addition to the solar flux and
earth albedo on the S-3 thermal model located alPEBRISK trajectory. This additive flux
was interacting with the S/C thermal model with Haene physical properties than a radiative
solar flux.

The outcomes of simulations are presented hereafter

10
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Sentinel-3 ESATAN Themal Characterisation

-

t=28310s h=131knHc=131km Q=1,5KW/m?

t Aero Th Corrected t ExtT° BExtT

DEBRISK Altitude | (W/m?) Alt ESATAN Max STR
(s) (Km) Flux (Km) (s) (°C) (°C)
32222 131115 1638 110860 32220 185 116
32262 130477 1729 110163 32260 190 120
32302 129734 1842 109454 32300 196 125
32342 128 887 1982 108 735 32340 234 156
32382 127938 2158 108 006 32380 239 166
32422 126 890 2377 107 268 32420 245 178
32462 125747 2652 106 522 32460 255 185
32502 124514 2998 105 770 32500 269 197
32542 123194 3433 105012 32540 284 235
32582 121795 3997 104 249 32580 302 250
32622 120323 4733 103481 32620 324 270
32662 118784 5705 102 709 32660 350 292
32702 117185 7 005 101933 32700 379 319
32742 115534 8802 101 152 32740 415 351
32782 113837 11290 100 366 32780 460 390
32822 112102 14 862 99573 32820 512 436
32 862 110334 20246 98771 32860 575 493
32901 108604 | 27526 97 984 32900 648 514
32942 106 740 35608 97 295 32940 725 531
32980 104 965 51531 96 297 32980 809 594
33022 103005 | 72499 95351 33020 9203 665
33061 101165 | 100273 94 425 33060 1008 745
33097 99456 135621 93523 33100 1124 831

Figure 16: Sentinel-3 Thermal characterisation 8AFE T° (Pre-Re-entry Phase 1 before final orbit)

Figure 17: DEBRISK — ESATAN output results for ErdéTemperature (Re-entry Phase 2)
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Figure 18: Sentinel-3 Thermal characterisation T®RIG T° (End of Phase 2)

11
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The previous results are mostly related to extesnehces during phase 2 (Start of Reentry)

The below results are mostly related to internaimants presented with min / max temperature
range during reentry phases 1, 2, 3.

Phase 3 results are given for information only,aose the calculated flux used a free molecular
formula and the simulated non-tumbling attitudprsbably not representative in this phase.

The results data presented are related to therm@ésnrepresenting the equipments thermal
reference point set usually at mechanical mountitegface.

The radiative surfaces of satellite (MLI, OSR) weet at EOL conditions of physical thermo-
optical parameters in order to be representativeéhefworst case in term of ageing (EOL MLI).

In order to simulate even worst conditions (MLI Deged) assumed to be representative of a non-
controlled reentry after 25 years, an additiveaddetimulations were done with the assumption of
increasing physical conductance of the MLI by ada@00.

Extremum Temp (°C) - EOL MLI Extremum Temp (‘C) -M_Li damaged
333100-33390s
[ Atiude vs Ground_|
[ Attude vs Center_|
Units / Temp (°C)
PCDU 283 | 250 | 267 | -240 | 240 | 297 [ 267 | -240 | -240 | 306
sADM 165 | 141 | 154 | 152 | 352 | 105 |[ 160 | 153 | 354 | 0a
STB1 172 | 13,6 | 166 | -11,0 | 11,0 | 1018 [[ 167 | -105 | 105 | 17,2
STB2 2169 | 13,7 | 163 | 11,8 | 18 | 782 166 | 11,4 | 11,4 | 928
BTAL 274 | 249 | 261 | 234 | 234 | 202 262 | 234 | 234 | a4
BTA2 292 | 262 | 275 | 248 | 248 | 195 276 | 247 | 247 | 2a1
Junction Box 105 | 91 | 102 | -101 | 01 | 7,8 108 | 101 | -105 | 03
DORIS 236 | 453 | 405 | 693 | 693 | 1405 205 | 1357 | 1357 | 3582
MHSTRL 127 | 346 | 346 | sas | 848 | 2109 346 | 1823 | 1823 | 5055
MHSTR2 127 | 354 | 354 | 859 | 8590 | 2181 354 | 1839 | 1830 | 5007
DPUL 136 | 478 | a78 | 1041 | d0a3 | 2454 478 | 1869 | 1869 | 5135
X AXIS DPU2 21,7 | 587 | 587 | 1198 | 119,8 | 294,3 587 | 1998 | 1998 | 5652
RFUL 168 | 668 | 651 | 2002 | 2902 | 7446 651 | 2068 | 2968 | 767,6
Eruz 226 | 735 | 71,8 | 2962 | 296,2 | 7551 71,8 | 3034 | 3034 | 7873
CRS 1 148 | 307 | 178 | 211 | 211 | s14 178 | 268 | 268 | o073
. CRs 2 17,7 | 363 | 216 | 251 | 251 | 527 21,6 | 361 | 361 | 140,3
o Y+X RWS 178 | 333 | 2201 | 263 | 263 | 609 221 | 765 | 765 | 4311
VX RWS 183 | 334 | 264 | as6 | 446 | 2631 264 | 1670 | 1670 | 7130
+Y+X RWS 2,7 0,0 11 | o6 | -06 9,1 1,1 05 05 487
+Y-X RWS 1,0 10 02 22 42 | 1396 01 51 51 | 1642
MTB X 6,0 4,9 48 | a0 | a0 | -04 4,8 07 | -07 | 198
. MAG1 133 | 278 | 159 | 188 | 188 | 424 159 | 437 | 437 | 2405
CSS OLCH (x4 MAG2 129 | 270 | 153 | 179 | 170 | 396 153 | 367 | 367 | 1074
) MTBY 105 | 256 | 168 | 215 | 215 | 705 168 | 358 | 358 | 1450
- | MTBZ -89 48 | 64 | 63 | 63 | 51 63 6.2 62 | -12
3 ) MTB 3 6,0 4,9 48 | a0 | a0 | 04 48 | 07 | 07 | 198
i GNSS ANTENNA LRR 84 | 187 | 61 | 216 | 216 | 3503 71 | 333 | 333 | 497
SBAL 12 12,2 63 71,7 | 717 [10262 64 | 3167 | 3167 | 1387,
—— ﬁ\ sBA2 08 10,1 22 86 86 | 1206 13 653 | 653 | asz1
4 DORIS Ant 100 | 367 | 367 | 616 | 61,6 | 3236 || 367 | 2699 | 269,9 | 10072
\ GNSS_Ant1 175 | 576 | 25 | 005 | 905 | 8298 || 1,7 | 4131 | 4131 [ 11815
1 GNSS_Ant2 183 | 567 | 65 | 774 | 724 | 77331 56 | 2864 | 2864 | 10703
22 XBA 200 | 607 | 557 | 1357 | 1357 | 9391 || 561 | 412 | 641,2 | 17364
SLSTR & Css1 1,9 67 2,7 2,9 2,9 91 21 28 2,1 70
(o css2 169 | 395 | 203 | 364 | 364 | 741 271 | 397 | 397 | 1512
css3 82 3,0 | 181 | 235 | 235 | a0 159 | 239 | 239 | 872
cssa 98 | 68 | 97 | o1 | 97 | oa 137 | 91 | 437 | 110
STR_OH1 434 | 680 | 498 | 626 | 626 | 2331 || 498 | c06 | 60,6 | 2253
STR_OH2 543 | 1027 | 781 | 1301 | 3393 [aa705 || 781 | 1366 | 1366 | 1160,5
STR_OH3 438 | 679 | 503 | 607 | 607 | 2084 || so3 | so0 | so0 | 1976
1st pipingline 101 | 755 | 120 | 538 | 139 | 1084 [[ 120 | 737 | 192 | 3244
2nd piping line 11,5 | 654 | 101 | 465 | 101 [ 1194 || 104 [ 659 | 104 | 3005
3thpiping line 08 | 123 a4 95 44 10,3 4,4 9,9 24 12,5
Y AXIS N2/He piping 12,7 | 44 57 22 .57 41 5,7 2,2 55 | 105
Tank 13 52 50 51 51 52 50 53 53 66
1 0,9 7.6 68 68 68 6,9 68 6,9 69 741
\ JUNCTION BOX PCOU L2 0,1 71 64 64 64 64 64 64 64 65
SBT — SADM Filter 56 108 57 58 58 59 57 58 58 6,1
h SAPT 4,9 89 6,0 6,0 6,0 6,0 6,0 6,0 6,0 62
FDV1 2,5 52 2,7 2,8 27 32 20 28 2,0 30
FDV2 2,3 51 26 2,6 26 31 19 26 1,8 28
BAIIERY TH11 7,0 10,5 9.2 11,4 | 134 | 350 92 11,5 | 115 | 360
TH12 71 | 52 55 | a6 | 46 5,9 55 | -46 | 46 58
TH13 38 67 a7 57 57 16,2 47 56 56 16,0
pons TH14 7.2 10,7 9.3 11,4 114 355 9.3 11,5 11,5 35,5
PDHU TH21 336 | 771 | 592 | 1389 | 1380 [11656 || 592 | 1463 | 1463 | 12337
TR — W TH22 108 | 79 | 102 | 98 | 98 | a2 108 | 99 | 407 | 54
LR TH23 2,3 0,0 24 | 21 | 21 4,7 3,1 2,3 3,0 36
NTB TH24. 21,0 | 848 | 654 | 1436 | 1436 | 13520 || 654 | 1481 | 1481 | 12134
SBAND SLCPE 341 | 209 | 323 | 281 | 281 | 91 328 | 267 | 267 | 28
SRAL ANTENNA MOOULATOR ! GNSS1 -33,9 -26,9 -32,8 -30,9 -30,9 -14,7 -33,5 -285 | 285 -7.3
GNSS2 200 | 223 | 201 | 272 |"-272 | 123 |[ 200 | -245 | 220 | a8
RWS 7 epc SMU -333 | -144 | -331 | -288 | -288 3,6 -337 | -280 | -280 | 42,0
SEAND omux 34 221 9,0 137 | 137 | S04 63 | 1089 | 1089 | 4491
RFU PDHU 75 | 81 | 60 | -47 | &7 | 03 60 | 70 70 | 707
X-BAND oPU Switch1 21 24,0 7.2 84 8,4 10,8 69 169 | 169 | 626
MTB Switch2 4,3 24,2 7,5 88 88 11,2 7,3 21,1 21,1 83,2
—MHSTR HPIT 2,7 253 92 128 | 128 | 244 77 a14 | a1a | 1082
©S8 () HPI2 2,7 253 92 130 | 130 | 254 7.7 204 | 404 | 1935
HPI3 2,7 25,3 93 131 | 131 | 250 81 503 | 503 | 2458
HPI4 28 254 97 120 | 140 | 292 8,6 596 | 596 | 2084
d MOD1 73 | 137 | 40 | 15 | a5 9,9 -45 21 4,1 48,2
MOD2 69 | 136 | 30 0,0 0,0 12,3 37 | 1,1 | 111 | 811
Z AXIS MOD3 72 | 141 | 34 04 04 19,7 37 | 107 | 107 | 859
DORIS ELEC. MOoD4 65 | 143 | 21 24 2,4 235 25 | 226 | 2206 | 1446
FUTFR SAPT EPC1 -11,0 124 -7,1 -3,7 -37 121 7,1 1,7 17 47,5
P A EPC2 102 | 144 | 54 | 16 | 16 | 158 54 50 5,0 58,7
E 5y [Epc3 118 | 137 | a9 1,0 1,0 29,0 49 | 133 | 133 | 1070
Epca 107 | 155 | o1 93 93 53,1 01 | 570 | 570 | 3198
| ATCH VAL VF - TwT1 62 | 174 1,2 7.4 74 369 01 301 | 301 | 1769
— THRUSTER IN Twr2 89 | 140 | 14 | 69 65 | a6 14 | 282 | 282 | 1786
TwT3 59 | 182 2,9 107 | 107 | s08 2,0 513 | 51,3 | 2893
TwT4, 93 | 140 01 116 | 116 | 668 0,1 720 | 720 | 3746

Figure 19: Thermal nodes designation and locatiorSentinel-3 exploded view

Figure 20: ESATAN Post-Processing Temperature Datthermal nodes representing equipment I/F
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5 Thermal Analysis Outcomes

As a preliminary result on those thermal studiesan be established that:

1.

The triggering temperature of standard SMA (NiTrouand 90-110°C as currently used
in industry) are compatible with SAFE T° for imet spacecratft application.

The triggering temperature of specified SMA (CuAklpbund 170-210°C as patented
by NIMESIS) are compatible with SAFE T° for mostexal spacecraft application.

The delta temperature between SAFE & TRIG tempegatwovided by SMA seems
always compatible to the heating profile (interhekternal) as experienced during those
simulations. Considering SMA triggering temperatuaege (between 30-50°C), the

heating profile observed associated with timinglteto the triggering altitude:
External Case: 30-50 °C => 10-30 Km Delta Altitude SAFE T°=130 km- > TRIG T°=100 km
Internal Case : 30-50 °C => 20-40 Km Delta Alteud> SAFE T°=130,120 km -> TRIG T°=90-80 km

The applicative case of release panels and refeadeles seems achievable by thermo-
activated devices based on SMA low and high tentpexs. Correct temperature
margin are available on SAFE Temperature (with méga usual max operational
temperature) and TRIG temperature (with regardatunal re-entry behaviour where
almost 20 km altitude can be anticipated with thibeseéces).

Nevertheless, with the conservative assumptionsenradpacecraft attitude and thermal
gradients a lot of applications located in interaaltl external of the spacecraft maybe
not be able to be triggered by temperature whatinedevice used.

Some external surfaces are almost never expogbe tmerothermal flux due to the tail-
drag effect of the single solar panel. Those elémeme found very cold by the
simulation but SAFE/TRIG temperature of those devitas to be set above all
operational cases and worst case solar attitudeglerratic 25 years reentry period.

By experience on D4D studies inside the THALES odiism on a Sentinel-1 case, the
release of external appendage represented alregibllange. This appendage being the
element we want to get rid of due to its large ghapimpacting the flux and put
spacecraft attitude in position providing shadowinghe aerothermal flux and leading
to maintain its interfaces pretty cold.

6 Lessons learnt and way forward:

S/C thermal characterization in early re-entry setedbe better characterized for the purpose of
early release of elements (whatever the technakbgsged).

Investigation on tumbling effect as a best casalshiepresent a first way forward to ease the
capability of dismantlement of elements found vesid in this study

Those uncertainties may lead to reconsider somarggsns made in the present study on

thermal internal / external worst case environment.

Nevertheless, it can be foreseen that thermo-detivdevice for appendage release (actuated
only by local temperature) seems not provide siganit improvement than natural behaviour to
promote their implementation and other optionsidfainvestigated.
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ALTRAN intention to find an alternative way of sitation seems to be working with
preliminary correlation performed on available SO¥Rdata. But added correlation with
current S/W SCARAB would be fruitful for both meti®

¢ SCARAB increase of accuracy with S/C thermal mdmgdaviours as tested

« ALTRAN increase of relevant S/C data provided atdoaltitude and flight regime.

Another main lesson learnt is that behaviour beferentry is definitively not well understood
and characterized today. Even if some Safe Modescase substantiated during S/C
development.
The need to further investigate the complete fligétf mode after disposal (25 years re-entry
rule) remains mandatory. Several aspects are batitrg to a lot of uncertainty:

» S/C attitudes

¢ S/C thermal geometry

e S/C architectural H/W (Alu Panel / Carbon Panels)

» S/C radiative surface status (MLI, OSR Ageing aadrddation in this phase).

7 Conclusion

ALTRAN has initiated the capability to analyse stard ESATAN S/C thermal model in this
pre-reentry environment

ALTRAN has now the capability to investigate S/@rinal behaviour from an accurate way
Lessons learnt on that study clearly highlightezlribed to further characterise the thermal S/C
environment in pre-re-entry Phase (25 years didpasd early re-entry (150-120 Km).
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9

ADS
CDF
CFRP
CNES
D4D
DCA
DEBRISK
DRAMA
ESA
HTG

ITT

MLI
NIMESIS
OHB
OSR

P/F

P/L

R&D

S/IC
SAFE
SCARAB
SMA
SIW
TADAP
TAS
TBC
TBD
TRIG
TRL

Abbreviations and acronyms

AIRBUS Defense Space

Concurrent Design Facility

Carbon Fiber Reinforced Panel

Centre National D' Etude Spatiales (Frencdc8pg\gency)
Design For Demise

Debris Casualty Area

CNES Low Fidelity Reentry S/W

Debris Risk Assessment and Mitigation Anadysi

European Space Agency

Hyperscall Technology Goettingen (SCARAB S/@veloper)
Invitation to tender

Multi Layer Insulation

NIMESIS_FR SMA supplier and designer

Orbitale Hochtechnologie Bremen - Orbital Kig§echnology Breme
Optical Solar Reflector

Platform

Payload

Research & Development

Space craft

Safe limit=in line with 0% of austenitic {®MA) phase
HTG High Fidelity Re-entry S/W for ESA pragns

Shape Memory Alloy

Software

TAS-I Reentry S/W

THALES ALENIA Space

To Be Confirmed

To Be Defined

Triggering limit = in line with 100% of austiic (hot SMA) phase
Technology Readiness Level
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