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Presentation contents:
- Motivation
- Space materials
MLI; Paints; Fixation methods
- LEO Test campaign
- Test Flow
- Tested Samples
- Some results
-  GEO Test campaign
- Test Flow
- Tested Samples
- Some results
- Master 2009 improvements

- Conclusions and further thinking's
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Activity — Motivation &&i— eSa

The project aim was to study the degradation and generation of debris of external
spacecraft materials when exposed to long term space environment (for LEO and
GEO conditions).

The study consisted in the following major tasks:

- Identification of the most relevant space environment conditions for GEO

and for LEO most populated orbits.

- Survey on relevant (i.e. most representative; most used) external

spacecraft materials.

- LEO and GEO space materials environmental testing, for 20 years of GEO

and 9.7 years LEO (800 km £ 75 degrees) simulated space environment.
- Measure relevant parameters to improve MASTER 2009

- MASTER 2009 improvements with the test results of the environmental
testing.
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Activity - Space materials

- Paints
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- MAP European space paints supplier

- (used to protect equipment and change TO properties)

Paint
Base material
colour

- Preferred Paints

- Used outside satellite

- Most used paints °

- Base composition e

-  White/black 2
- GEO paints: >37

- SG121FD; PSB; PNC
- LEO Paints:

27

(0]

- SG121FD; PSB; PUK

Number

missions

Matt-White

Matt-White

Matt-White

Matt-black

silicone

Matt-White

Matt-black

Silicone

Potassium
Silicate

Silicate

Silicone

Silicone

Silicone

Polyurethane

Composites/lig
ht alloys

AU4G/
composites

aluminium
alloys

Composites/lig
ht alloys

Composites/lig
ht alloys

Composites/lig
ht alloys

Composites/lig
ht alloys
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Activity - Space materials - MLI

- Ultimate isolator, protect satellite from radiation and prevent heat loss.
- External layer; bilayers of isolator/reflective)
- VDA over polyester/ polyamide (Kapton)/ mylar/ other
- Isolator Polyester/glassfiber/other

- MLI blanket = external layer + bilayers(e.g. 12 to 40); Tailored for the
satellite.

- External layers (1 mil polyimide / VDA; 1 mil ITO polyimide / VDA; 1 mil black

Kapton / VDA; 1 mil Upilex / VDA; 2 mil Upilex / VDA; Betacloth / VDA; ....)
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Activity — LEO test - Overview Tkt

- LEO Test flow

Initial sample Photos and mass

characterization

Average Fluence 9.2E20
(~9.7 years in LEO; —
800Km *= 75 degrees)

Photos and mass
characterization SEM and EDX

Intermediary Sample

5140 ESH
500 TVC (+140 to -120)

Final sample PhOtOS and mass
characterization Pe””’]g test
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Activity - LEO test - Materials
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- Paints - MLIs
LEO LEO LEQ LEOMLI1:
| _Sample |  Material/Substrate | dimensions | sistd W rente A vt

LEO Paint 1
PSB/CFRP

LEO Paint 2
PUK/CFRP

LEO Paint 3
ek PARY AR white silicone pain
CFRP

(Bl ET 188 Black Polyurethane paint
A LGN 3 slaches

LEO Paint 5
SG121FD/
Alu

LEO Paint 6
PSB/Alu

white silicate paint

Black Polyurethane paint

white silicone pain
3 slaches

white silicate paint
3 slaches
3 mil Kapton/VDA

(el U IBE B Velcro ref SJ13571 Nylon6.6

2 mil ITO/SiOx/Kapton/VDA 48.9x48.9mm
LEO MLI 2 J:5:\

5 mil _
ESA UNCLASSIFIED - For Official Use
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Dimensions:
22x22x0.6
mm

CFRP ref:
M55]/RS3M

Aluminium:
Au4G
Dimensions:
21.9%x21.9x4.
1 mm

MLI size 46
mmx 46 mm
Al  Substrate

LEO MLI 3

LEO MLI 2

&2 ‘
w. W

‘ LEO
LEO Paint 5 | paint3 |

’ LEO

s e

"Li'

Debris Study MLI

—
S>> > >< | 8x  Polyester Fleece Spacer PV-8g

— ™ —  [8x  025miVDAMylarVDA, per.

Type: LEO-1

1x 3 mil Kapton/VDA, perf.

S>> > 1x  Polyester Fleece Spacer PV-8g
W 1x 1mil VDAMylarVDA perf.
inside I VDA - coating
LEO MLI 2:
Debris Study MLI Type: LEO-2
J_l_l_l_l.ul_l_l_l_l 1x  2mil ITO/SiOx/Kapton/VDA, perf.

Dacron Spacer Platest

SO>I | 8X
8x 0.3 mil VDA/KaptonVDA, perf.

LEO MLI 3: S>> > > >< 1% Dacron Spacer Platest
- —— B 1x/1mil VDAMylarVDA perf.
Debris Study MLI Type: LEO-3
inside I VDA - coating
JILuL-LILLu 1x 5 mil ITOMeflon/Silver/inconel, perf.
> > > > >< | 8% Dacron Spacer Platest
—am™—  [8x 03milVDAKapton\VDA, perf.
S>> > ><>< 1x  Dacron Spacer Platest
g-i 1x 1mil VDAMylar/VDA perf.
inside I VDA - coating
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Activity - LEO test - ATOX ceniee (- @SQ

LEC
Paint 1

Iw
-
-
PN
? -
=
_—
-

Lt

210

- Darkinng of white paints; whitening of black paints;
- Samples mass loss as function of ATOX fluence

- Kapton MLI and silver MLI degraded, loss of brightness.
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Activity — LEO test - ATOX - MLI

F . (s
senciee (= @SQ

- MLI 1 After 8.1 Years (800Km orbit)

MLI | Initial inspection IIntermediary inspection
ref. i.e. After ATOX
MLI

3200: F=bomm 00: F=6omm

- MLI venting Holes

Trspecti [ RO MITG

Canon EOS 550D; szz, Exposnre time 1/8 s; ISO- | Canon EOS 550D; f/22; Exposure time 1/13 s; ISO-

venti

holes

- Degradation of surfaces and isolating material

MLIs | Before | After Scratch
ATOX ATOX increase

1390 1488 7%
1217 1413 16%

1348 1360 0.8%
IIIIE]
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Activity - LEO test — ATOX - PAINTSs

encias (S
Senciee S €SA

- PSB/Alu (white silicate)

LEO Paint 6 - PSB/Alu — Camera photos

[ Tnitial inspection ATOX

o e o e : W : : :
-7 | | : - Scratch increased observed in paint 6
Z)Inspection Aler ATOX — —
M scratch
v -
s, o &3 Sample Before ATOX After ATOX increase
M, B .‘vw"" ‘hf scratch 1
g2sum]| +| 19] 1a18pmy|+] 32| 53%
Paint 6 scratch 2
047 wml| +| 24| 1322 um)| £ 27 40%
scratch 3
1068 [pm)| = | 28] 185 1 | 2] 25| 73%
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Activity — LEO test - TVC + VUV cenciar (= @S

- TVC (500 cycles; +140 to -120); - Average number of suns 2.4 (5145 ESH)

- MLI 2 Fall down during 433 cycles
(cooldown)

- MLIs become stiffer/curved

- Darkening/whitening of paints of paints
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Activity - LEO test — TVC + VUV genies {2 @SQ

- MLI side view - Paint flaking observed in PUK and PSB paint
P e o R ‘

-  MLI becomes stiffer/curved

- Velcro shrinks

- PSA degrades PUK flaking

- Flaking Area
m2

R 15000
PR 36000
N 18000
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Activity — GEO - Test principle and Conditions &&iesa

ONERA

* Dose profile (UV -> e- >p+)
« Synergy with temperature

protons

ot |
L I I electrons UV

01 1 0 4
inness (

L wus 1 pantngs |

UV (200-380nm) 5.2-6.6 suns, 8211esh UV (about 9-year dose)
(extreme surface)

Particles 400keV electrons, 45 and 240keV protons. Flux: typically 1.5E11 #/cm?2.s
(surfacep+->bulk e-) 20-year GEO fluences: e400=2 10, p240=4 10%5, p45=4 10

T° cycling Hot conditions 300cycles
-85°/+100° External foil 2 100°C
IEVA o[RS \EI [nner foils/velcros > T, when above ~ 35°C

external foil, clip/washers: T°+ UV + electrons + protons
T°+ UV + electrons + protons
inner foils and velcros : T° + electrons

steps at 5, 10 then every 2 years up to 20-year dose forvisual inspection

synergy
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Activity — GEO test campaign: Samples
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ONERA

THE FRENCH AEROSPACE LAB

GEO MLI strip 1 and spare

1

Debris Study MLI

Type: GEO-1

T 1

Tl Tl e D el e 5x

—a—— _S5x

B D D e }5:-:
Sx

el Tl Dol Dl Tl I 1x

—-_ 1%

1 mil Kapton/VDA

Dacron Spacer Platest
0,3 mil VDAMKapton/ VDA, perf.

Polyester Fleece Spacer PV-Bg
0,25 mil VDAMylarVDA, perf.

Polyester Fleece Spacer PV-Bg

1 mil VDAMylarVDA, perf.

inside I /DA - coating

GEO MLI strip 2 and spare 2:

Debris Study MLI

Type: GEO-2

- 1x
xxxxx}:}m
5x

B 2 2 e | 5X

—m— _JEx

Tee el Deel Dl Dael D 1x

—-_ 1x

1 mil black Kapton XC/VDA

Dacron Spacer Platest
0,3 mil YDA/Kapton/VDA, perf.

Polyester Fleece Spacer PV-8g
0,25 mil VDAMylarVDA, perf.

Polyester Fleece Spacer PV-8g

1 mil VDAMylarVDA, perf.

inside VDA - coating

* 2 strips 4cmX14cm

« 2 fixations/ strips (velcros and

clip/washers)

[ GEO | substrate |
SG121FD AudG
silicone white paint
PSB Au4G
silicate white paint
PSB CFRP
silicate white paint

PNC Au4G

silicone black

4 paints 2cmX2cm

washer

Stand-officlip-

uv
6 suns

~100°C at TO
(alpha =0,35)

120 4

80 |
" &
| ]

Temperature (“C)
S

N

/2. .02
E7E
5.’-.‘33
§FS 3¢ 8
" s 5;,;3‘:
BRI E Mylar foils
£ 33 €0 ¢ 3 A(T>70) = 36"
Y gt 3£ §
Pisingt

f
\ 5 x
¢

-
-

),
Y Velcros
) ; AY(T>50), 54'

X _

-85/+100°C TC

/ / with 4h periods
4=0,15

MLI Temperature distributon
Touter: +100°C, Tinner +40°C

temperature disitribution through
MLI

2 K 6 8 10
number of layers

111 MLI temperature: oscillating upper/low Tv (Mylar - inner foils / nylon — velcro)
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Activity - GEO test campaign: results

ONERA

MLIs: Strong darkening of external kapton layer (solar absorptance almost doubled 0,35>0,68), very slight
whitening of black kapton (less degraded), no in situ evidence of mechanical damage (only curling),
« Paintings: discolouring of white paints (solar absorptance x3-5), no-self flaking (no sample fracture even

after peeling test)

ESA UNCLASSIFIED - For Official Use ESA | 06/03/2017 | Slide 15
— Il e c= ™ W = "Il - - ==0 11 T == > I L European Space Agency



Z=
—
4

Activity - GEO campaign: inner foils
ex situ visual inspection shows strong degradatic onera

THE FRENCH AEROSPACE LAB

=CSd

Dismounting the strips from the plate ...

« mylar foils appeared brittle and falling apart (debris generated from handling)

» velcros is discoloured/bended (local mechanical stress at mylar foils) and
brittle loops

* Polyester fleece spacers and dacron are OK

R 5

A

Layer 1 (numbering from the back)

e

electrons dose effect N (e

influenceof T° (2 T, )

DSC shows strong degradation with
partial-to-complete vanishing of
crystalline content in both materials
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Activity — Debris investigation : Scenario for "

MLI debris generation

®
)
Q

ONERA

Degraded

Mylar

aging

Velcros ageing

External foils (electrons + T°) (electrons + T°)

2

Y

Brittle

d foils

v

A

HVI factor

A

bending Brittled loops Brittled hooks

\_+

Local mechanical
stress (periphery)
on the Mylar foils

Foils debris
small size

ESA UNCLASSIFIED - For Official Use
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Mylar foils detachment
at velcros
Distribution size (up to
large size)

Assembly/foils detachment
by Velcros opening (loops-
and hooks breakage)

Large size

@\t 2 A
i < vl

e

AN o
-v "“ - “’q 2‘
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Activity — Debris investigation: MLI debris \

characteristics (Mylar foils)

=
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O
"
0

ONERA

12

12

10
8
-
k2 £
k3 <
mK4

|

288

= BK1

HBK3

u BK6

Bins in mm?2

Distribution shapes are similar for each layer

and for both K and BK MLIs

Conical, triangle ....
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Activity — MASTER 2009 44T, T - asa
Paint LEO ATOX interaction *i Braunschweig \S

Comparison: experimental observations and current
calibration

ATOX interaction

1E+00 ¢ : i - -
1e01 L i Paint Description
— 1E-02 [ 1 | PUK Polyurethane black
e i B T - . .
L 1E-03 b et S0 g ) | PSB silicate white paint
A - ST . . ar- . .
8 1E04F Lt 1 | SG121F silicone white paint
£ 1E-05 L - 11D
= uy ]
o _ -
> 1E06 ] current calibration
1E-07 Pai n:SPaint-S 3 : ¢ 2 :
1E-08 i ! ! ! ! | | i I ¢ — ( age) I
o 1 2 3 4 5 & 7 | Y(tage) = Yo la/) !
Equivalent mission years [a] : 3 :
| Y0 =6-107% |
Model precition (avg. density) - - - - - e Cft_()ic_ _
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ACtiVity - MASTER 2009 .:é;*-. LTJm:_hnI:-_;ir;: \\k&“\i\; esa
MLI LEO ATOX interaction E o e N\

Fundamentals for new MLI degradation approach

MLI susceptibility to ATOX >

1E+01 ¢ | | | | : _

i Kaﬁgﬂ(ﬁ) ————— 1 Volume loss F (derived from

i O ]
1E+00 () 4 mass measurements)

— 1E-01 | e .

E ___e-----""7"7""41 Based on paint-atox-

w 1E-02 | 1 interaction-approach

3 [

© 1E-03 [ we e s 5 (tage\’
E - MLI-2 i FKapton(tage) =17-10"°cm” - (T)
S 1E-04 | —_

H 2 7 ta e 2
1E-05 |+ . Firo(tage) = 5.5-107% cm?® ( Z )
1E-06 L. | | | | | | |

0 1 2 3 4 5 6 7

Equivalent mission years [a]
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Activity - Conclusions g3, Technische

» Universitdt

MLI GEO interaction B2 braunschweig

V=
®
7
Q

Kapton + Black Kapton MLI
60 ——

'_ Same magnitude for numbers of
particles (except Kapton layer 6)

Cumulative number of objects
(%]
L]
T

D N s s T i | s s N PR R | s N n L
0.0001 0.001 0.01 01
Characteristic length [m]
Layer-1 (K} —— Layer-5 (K) Layer-3 (BK) = =
Layer-2 (K) Layer-§ (K) =——  Layer-4 (BK) - -
Layer-3 (K) =———  Layer-1(BK) - = Layer-5 (BK) - ~
Layer-4 (K) ———  Layer-2 (BK) - - Layer-6 (BK) - -
« Fundamental new approach
> Radiation contribution
» Small particle release
ESA UNCLASSIFIED - For Official Use ESA | 06/03/2017 | Slide 21
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Activity — Conclusions

- Critical issues detected during the project:

Extreme Velcro degradation

- In GEO, the Velcro become brittle and any mechanical action may release it.
- For GEO MLI internal layers total degradation
- Paint flaking in LEO conditions and PSA failure

- A critical radiation dose threshold could explain an increased number of MLI in

GEO and give new insights into mission safety.
- Future activities

- Further investigation with measurement of onset dose for Velcro failure and Mylar

embrittlement
- Investigation of Germanium foils and different new paintings

- Synergy studies of long term space exposure (e.g. radiation + ATOX + TVC) with
Hypervelocity impact.

- PSA testing. It was observed that at low temperatures the PSA fails.

ESA UNCLASSIFIED - For Official Use ESA | 06/03/2017 | Slide 22

— Il b c= ' W= "Il D - 11 — == E1 = I+l European Space Agency



=
=
2

®
o
D

Activity — Conclusions

Specificity of degradation-induced-debris investigation
- Limited Sample size
- Distribution extrapolation (depends on scenario)
- Limited in situ « testing » capabilities (visual inspection and debris collection)
- Onset dose not accessible
Validation of scenario (mechanisms) and complementary data (onset dose)
- Test conditions adapted to objective
- electron testing of velcros* and mylar foil
- Importance of temperature (representativeness)
- HVI test on aged assembly and/or external foils
- Risk assessement for various MLI mounting principles
- Attachement types

- Patch size: worst case distribution
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BACKUP SLIDES
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Activity - LEO test - ATOX

- ATOX fluence and mission years

Equivalent mission years

Sample Description Fluence | (745Km, | (800 Km, | (900 Km, [ (1000 Km,
reference +75 +75 +75 +75
degrees) | degrees) | degrees) | degrees)

@ LEO MLI1 3 mil Kapton/VDA 7.62E+20 4.6 8.1 211 54.4
LEO MLI2 2 mil ITO/SiOx/Kapton/VDA 1.00E+21 6.2 10.6 27.7 71.4

1

LEO MLI3 5 mil ITO/Teflon/Silver/Inconel | 7.78E+20 47 83 215 55.5
Paint 6 LEOPaint1 |PSB/CFRP 8.00E420 438 8.5 22.2 57.1

LEO Paint2 | PUK/CFRP 9.13E420 5.5 9.7 25.3 65.2

LEO Paint3 | SG121FD/CFRP 8.96E+20 5.4 9.5 24.8 64.0

LEO LEO Paint4 | PUK/Alu 1.01E+21 6.1 10.7 28.0 72.1
Paint 1 LEO Paint5 | SG121FD /Alu 9.89E+20 5.9 10.5 27.4 70.6
LEO Paint6 | PSB/Alu 6.33E+20 3.8 6.7 17.5 45.2

=

‘ b o

: Witness
LEO Paint5 P paint3
X ﬁ kapton
e’
sar’r.\;.:;le
i~ position

14
¥ al

&R 14

LEO MLI 3 LEO MLI 1
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Activity — LEO test - EDX and SEM &&iesa

Samples substances elements
PUK Black Polyurethane paint CandN
PSB white silicate paint; Binder 1s potassium | 51; Zn; O; T1
metasilicate; Pigment is zinc
orthotitanate.
S5G121FD white silicone paint. Binder 1s C;0; 8i; Zn; Na; B
polydimethylsiloxane resins; pigments:
zine oxide caleined at 600°C sodium
perborate coated
MLILEO -1 | Kapton, VDA, Polyester, Mylar C, N0 Al
MLILEO - 2 | ITO/S10x/Kapton,/VDA; Dacron; Mylar; (152 0SiCQ
VDA
MLILEO - 3 | ITO/ Teflon/Silver,/Inconel; Dacron; I5a0S8iCOQO
Kapton: VDA; Mylar Inconel may include: (Ni Cr
FeMnCuAlSiCS)
pri—svmmieasanol - - ]

Case Probable ! _
study # origin of Particle size
debris
FR PsB 10 um square
I PsB 6.25 um square
@ ET3 PsB 4 um square

(21 ESE T s

_ PSB 4.4 MM square

FZIN PsB 5.4 pm

24 S 3.4 pm

XN PsB 2.9 um

TN PsB 24 um
ESA UNCLASSIFIED - For Official Use ESA | 06/03/2017 | Slide 26
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Space Debris from Spacecraft Degradation
Products

MCTHD TDR
[ s

I I\

- Microscope inspection - LEO Paint 1 PSB/CFRP-

Cidncias s Space Debris from Spacecraft Degradation Products Pm2
QLI*O G0 Uniwers dade September 2016
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Activity — Summary of Results Q\g—*esa

/’

Master 2009 improvements

- Revision of mass loss calibration
(LEO paints)

1E-05 - . . . .
1E-06 L )
= r SG121FD o ]
o = A S
—_ ] " y
@ 1E-07 - - s TR ._Eg[mfzpalmr_s 7 E
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Equivalent mission years [a]

Observed in GEO material test:
MLI internal lave Velcro degradation

Revised model approach -----

- Debris MLI size distribution
revision (GEO)
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| Other observations: :

I - Discover that Velcro’s severe :

: degradation :

: |
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