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LEO/SLEO Space Environment

Microgravity: 106 G
Charged Particle Radiation Thermal cycling: -150° C-200° C
: (e-, pt) ) 5 _ 8
Solar Exposure Residual Atmosphere Pressure'_ . 10 10-° Torr
(UV Radiation (0,0, NN, H..) Solar radiation: UV, VUV, X-rays

& x-rays)

Spacecraft Contamination Neutral gas: Atomic oxygen

(molecular & particulate) e :
Also, radiation, ions, electrons,
Impacts

(micrometeoroids & debris) debris are important factors in LEO
o space environment.

Courtesy by K. K. de Groh, NASA-GRC

»AO is the predominant species in LEO (=200-650 km) uv
> AO flux at ISS altitudes: =1.0 x 10'* atoms/cm?/sec E>5.12 eV
> Average impact energy at ram velocities: 5 eV (<243 nm)

LEO AO as seen
by the shuttle




Neutral Gas densities in SLEO

MSIS-ESD AO density increases more
Feb.28. 2012 than 2-3 orders compared with
ISS@QLEO 435t 30n a conventional LEO
conditions.
€
=
)
E SLATS@SLEO 2.5 year AO fluence @450km
= is reached within 1 day
< @180km.
* 5 F R

O: N,=99: 1 (450km)

8 9 10 11 12 13 14
O : N,=50: 50 (180km)

Number density (x10* cm™)

Altitude profile of densities off atmospheric components calculated by MSIS-E90 atmospheric model.
Parameters for this calculation are: Date: 2012 Feb. 28 (relatively low solar activity period), Latitude: 30 °

Longitude: 135 ° , Local time;: 12H.
-Density off AO at 180 km are moere than 2-3 erders higher than that in 450 km
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Polyimide D 5 FIR IR 3= & D [ its 3= AV B 4E

> Thermal resistance

(-270 °C- +400 °C )
» Resistance to radiation
» Resistance to VUV

material

Reaction efficiency:
3.0 x 10%* cm3/atom

HiFf : STS-8 J 51 k7—%(1983) ZE:(=Polyimide D & s ZE MR DS A 1= 2



Objective: To improve the accuracy of ground-based durability testing

» Obtain ground-laboratory to in-space AO correlation data based on MISSE 2 PEACE data
= Determine PEACE polymers AO Ey in a plasma asher relative to Kapton H
— Asher & MISSE AO Ey: correlation btw erosion rates in-space vs. test-facility

MISSE

Serial # Abbrev.

Material

Acrylonitrile butadiene styrene ABS
POM (Delrin)

Polyoxymethylene; acetal;
polyformaldehyde

Polyacrylonitrile PAN
Polystyrene PS
Graphite PG
Polyimide (PMDA) Kapton H
Polycarbonate PC
Polyetheretherkeytone PEEK
Polyethylene terephthalate PET (Mylar)
Chlorotrifluoroethylene CTFE (Kel-f)

ETFE (Tefzel)

Example of
Ground-to-space
correlation data
(work in progress)

Tetrafluorethylene-ethylene copolymer

Fluorinated ethylene propylene
Polytetrafluoroethylene
Perfluoroalkoxy copolymer resin

Amorphous Fluoropolymer

Polyvinylidene fluoride

Space

1.09E-24
9.14E-24

1.41E-24
3.74E-24
4.15E-25
3.00E-24
4.29E-24
2.99E-24
3.01E-24
8.31E-25

9.61E-25

2.00E-25
1.42E-25
1.73E-25
1.98E-25

Ground

Asher

y
(cm3/atom)

5.81E-24
3.15E-24

4.48E-24
4 47E-24
7.77E-25
3.00E-24
3.15E-24
5.30E-24
5.91E-24
2.63E-24

2.09E-24

2.34E-24
2.02E-24
2.15E-24
1.89E-24

PVDF (Ky@) ¢ ot 2368 %im k.12
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Ar only AO+Ar
Polyimide

Figure 4-31. Erosion yield of Kapton-H films in different exposure conditions (Kita, 2017)
AO: 2.7eV, Ar:9.7 eV, Fraction of Ar in AO+Ar condition is 58%



H—~ 7
R EEICBLVTSLATS/AOFSIZL YBIESNBERYSL S K
FILERELEERRFETIVICEBEFIRBEZENSR
12 FRIGEDESEXREZSTEL. N,oFREEZEICXK S
ZILIE R R T HREET Do

Je 5
=

Hh_E 285 T DGR

- R A S FDHGEERIEFIRERICSEYEL S

- ArE— L TIEE1E LAY

- [RFIRERSR EArE — L Z[ERRBE 9 5 L I5ESGIET 5

BARSREBE

—EARHE Cldas UA £ FIENFERFEZEIS & UEES1E
S AMDTCIEEEIN? (e




BFY20180D) = EH
AOFSBESE D AT Z &5

 Ar(N)ISKB7R) A = FEERDVOIENRIERERETHRES LTINS

- AOFST—4 4 Hoa—FERA = FRIGEDSTE L
S KEERT—2DF ) 0—FHHE !
—>IRFE, 40— FRHEE

- 1) A = FDAOIZXI9 HE, (3.00E-24 cm®/atom) DHiFTERAZE
—SAER, 1987EIC(EZEICEHNL TV,
BEi4d : STS-5, -8DEERFLEE
AOTJL—T VR : MSISEHE{E

- AOTJJL— X U ADENE LEZEHE, MSISTA{EDELES
—HER, MEELEERHE K —89 5355 &
MSISFRED K = LMEEHETE
— AOFSHAE LV gT—X !



AOT JL—I 2 AEHE - MSISTFRIED LLE:

AOJJL—X X (AO/cm?)
MSISF Al ) b= e S T MSIS/Z=A1E

MEDET 2008-200 | ISS | 2.3E+21 1.7E+21(Kapton) | 1.4

Syoa Y 4 Platform
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