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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:

Å Ionizing radiation, neutral energetic particles

Å Space plasma

Å X-ray, UV/EUV, visible, IR photons

Å Meteoroids and orbital debris

Å Dust

Å Vacuum, neutral atmosphere, atomic oxygen

Å Electric and magnetic fields

Å Microgravity

Å Space climate and space weather
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Why do we care?

Source Particles Environment Effect

Trapped electrons;
Trapped protons ;
Solar protons

Total Ionizing Dose (TID) and Displacement 
Damage Dose (DDD)

Auroralelectrons;
Plasma electrons/ions

Surface Charging

High energy (>1 MeV) trapped electrons Internal Charging (IESD)

Trapped protons;
Solarprotons;
Galactic cosmic ray

Single Event Effects (SEE)

MMOD;
Dust

StructuralDamage;
ESD

Atomic oxygen;
UV

MaterialDegradation
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Preambles

ÅAssumptions:
ÅTarget: Alpha Centauri

ÅMission length: 40 years or less

ÅSpeed: 17 AU/day ~ 0.1c

ÅMission Segment:
ÅWithin solar system

ÅInterstellar transit

ÅIn the host solar system
By Chermundy--
https:// commons.wikimedia.org/w/ index.ph
p?curid=41900755
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Interstellar Gas and Dust
Hoang, ApJ, March, 2017 (For a Microchip-like spacecraft)
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Gas

ÅThe gas environment has not considered for any other mission in 
the past for impact to spacecraft.
ÅLow relative velocity between spacecraft and gas molecules in the 

interplanetary space

ÅGas column density (or fluence) ~ 2 x 1018 cm-2 along the path to 
Ŭ-Centauri.

ÅMain effect:
ÅFormation of damage track: 
ÅSurface damage: ~0.1 mm for quartz, or much smaller for graphite
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Dust

ÅDust column density of 3 x 1017 cm-2

ÅWeingartner & Draine model (2001)
ÅMost dust grains < 0.25 ɛm
ÅHoang et al. adopted the upper limit of 1 ɛm 

and the lower limit of 0.001 ɛm

ÅThese values are much smaller in size 
and mass than typical MMOD 
environment (e.g., Voyager), but the 
mission fluence and the particle speed 
are much higher ïsee later 

ÅMain effect:
ÅErosion of the spacecraft surface
ÅProduction of micro-craters
Å0.5 mm surface erosion at 0.2c

9



Fraction of surface 
erosion

Fraction of volume 
erosion
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Voyager Solid Particle Environment

Meteoroids �^���š�µ�Œ�v�[�•����-ring Particle

~3.6 �…m
~6.2 �…m
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