


What constitutes the Space Environment?

Space environments and their effects that impact design,
construction, and operation of NASA human and robotic
space systems

Specific environments include:

lonizing radiation, neutral energetic particles
Space plasma

X-ray, UV/EUV, visible, IR photons
Meteoroids and orbital debris

Dust

Vacuum, neutral atmosphere, atomic oxygen
Electric and magnetic fields

Microgravity
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Space climate and space weather




Why do we care?

Source Particles Environment Effect
Trapped electrons; Total lonizing Dose (TID) and Displaeat
Trapped protons Damage Dose (DDD)

Solar protons

Auroralelectrons; Surface Charging
Plasma electrons/ions

High energy (2 MeV) trapped electrons | Internal Charging (IESD)

Trapped protons Single Event Effects (SEE)
Solarprotons;
Galactic cosmic ray

MMOD; StructuralDamage;
Dust ESD
Atomic oxygen,; Material Degradation

Uv




Preambles

AAssumptions: THE SUN'S CLOSEST NEIGHBORS
ATarget: Alpha Centauri wis 0855 714
AMission length: 40 years or less
ASpGEdZ 17 AU/day ~ 0.1c AUIGHT YeAs A'E’d'?:asci?;;?:‘m a

AMission Segment;
AWithin solar system
Alnterstellar transit

ByChermundy-

Aln the host solar system https:// commons.wikimedia.orgv/ index.ph
p?curid=41900755
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Figure 1. Schematic of the needle-like spacecraft of height H, width W, and
length L, moving at relativistic speed v. The spacecraft surface area is A = WH.

Interstellar Gas and Dust

Hoang ApJ March, 2017 (For a Microchlixe spacecraft)



AThe gas environment has not considered for any other mission in
the past for impact to spacecratt.

ALow relative velocity between spacecraft and gas molecules in the
Interplanetary space

AGas column density (or fluence) ~ 2 x 108 cm2 along the path to
U-Centauril.

AMain effect:

AFormation of damage track:
A Surface damage: ~0.1 mm for quartz, or much smaller for graphite
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Figure 6. Left panel: fraction of spacecraft surface damaged by gas bombardment as a function of the column density of gas swept up by a spacecraft moving at
v = 0.05¢. The contribution by each element is shown, with the dominant damage arising from O and Fe. The shaded area shows the measured gas column density
toward « Centauri of log Ny ops = 17.80 = 0.30 (Linsky & Wood 1996). Right panel: total value fs for different speeds from v = 0.05¢-0.3c.
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Figure 7. Same as Figure 6, but for graphite material. Damage is essentially determined by Fe atoms.



dust grain
D U St (a) before $

ADust column density of 3 x 1017 cm2

AWeingartner & Draine model (2001)
A Most dust grains < 0.25 em

AHoang et al. adopted the upper limit of 1 em el
and the lower limit of 0.001 em

AThese values are much smaller in size
and mass than typical MMOD (b) after ~ evaporation molten
environment (e.g., Voyager), but the crater formation
mission fluence and the particle speed
are much higher 1 see later

W

AMain effect: 5
A Erosion of the spacecraft surface g
A Production of micro-craters spacecraft £

A O . 5 mm su rface erOSIOn at O 2C Figure 10. Schematic illustration of the collision impact from a dust grain 05

the spacecraft surface considered in the spacecraft’s rest frame.
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Figure 11. Fraction of the spacecraft surface eroded (solid lines) and melted (dashed lines) due to dust bombardment, computed for quartz (left panel) and graphite
(right panel) materials. The shaded areas show the measured gas column density toward o Centauri of log Ny gps = 17.80 £ 0.30 from Linsky & Wood (1996).
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Figure 12. Fraction of the spacecraft volume eroded (red lines) and melted (blue lines) due to bombardment of interstellar dust grains computed for quarfz({left panel)
and graphite (right panel) materials. A thickness of the surface layer L = 1 ¢cm is assumed.
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Figure 13. Critical size of the projectile grain that would result in the complete
evaporation of the spacecraft vs. the spacecraft length L for H = 0.1 cm

and 0.3 cm.
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Meteoroids

Particle Mass

Integral Fluences

(Particles rrl'2 of mass

(grams) greater than M)
1‘IIIIII” 2.0 x 10°
1077 N ~3.6 .00 7.9 x 10°
1078 8.8
1075 7.0 x 107}
1074 5.4 x 1072
1073 2.6 x 107>
10”2 1.9 x 1074
1071 1.0 x 1072
10° 8.0 x 107"
Mean relative speed (km/s) 14
Particle mass density (g/cm3) 0.5

~6.2 .m
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