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• Both spacecrafts and their environment are active media: vehicles emit neutral gas, particles, EM radiation, … and 
interact with its surroundings.  We can say,

The environment to which a spacecraft is subjected consists of a combination of the ambient (typically a 
function of the orbit) and that generated by the spacecraft itself. The combination of both can give rise to 
synergic deleterious effects on the vehicle. 

• In addition to solar activity, the conditions in which the vehicle operates in Earth orbit is basically determined by the 
following elements,

The Earth’s space environment

Neutral gas Neutral gas with variable chemical composition which depends on the 
altitude in addition to outgassing and/or gas from thruster firings.

Plasmas The plasmas at the ionosphere, magnetosphere have different chemical 
composition and physical characteristics. 

EM radiation X-ray, UV radiation from the Sun produce electron emission form 
surfaces. Thermal effects by day/night cycle radiation. 

Energetic particles Energetic particles from Van Allen radiation belts and/or high energy 
particles from the solar wind. 

Solid Particles / objects Micrometeoroids  and space debris is present in Earth orbits. 
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Overview of Space Environment Effects
Neutral gas Plasmas Radiation Solid particles

• Orbital drag.
• Cold welding.
• Glow.
• Surface contamination. 
• Sublimation of materials 

• Surface charging and/or 
vehicle charging.

• Short circuits.
• Material performance 

degradation. 
• Erosion in LEO by interaction 

with atomic oxygen.
• High altitude electric 

discharges.

• Interaction with particles 
trapped on the Van Allen belts.

• EM radiation from the Sun.
• Thermal effects.
• EM interference.

• Orbiting debris.
• Particles ejected.
• Micrometeoroids.

Large  𝐿 > 10 cm 
Medium 10 cm > 𝐿 > 10 cm
 Small 𝐿 < 10 cm

ISS solar array blanket after 
one year in LEO showing the 

oxidation of underlying 
Kapton.

Sustained arc damage from the ESA 
Eureca mission . 

Cyclic thermal conditions with the 
sun/shadow transition in GEO orbit.

Macroscopic particle distribution in 
LEO

This work is licensed under a Creative Commons Attribution 3.0 License. For more information, see http://creativecommons.org/licenses/by/3.0/.

This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI
10.1109/ACCESS.2019.2927811, IEEE Access

 Author Name: Preparation of Papers for IEEE Access (February 2017) 

VOLUME XX, 2017 9 

those operating in MEO with the same inclination. 
Additionally, due to the sediment of particles in polar area, 
the spacecraft with high inclination is more likely to be 
impaired by solar proton events than those with smaller 
inclination. Models appropriate for high-energy protons in 
M&H contain AP-8, CRRES PRO, TPM-1, etc., in which 
AP-8, AP-9, and JPL are able to apply to GEO [150-151]. 

In M&H, the high-energy electrons are responsible for 
internal charging and total dose effects [152], while the high-
energy protons are answerable for single event effects and 
displacement damage. According to the statistics in 2015 
[153], the correlation between abnormalities of the flux of 
high-energy electrons and satellite anomalies was as high as 
80%. Since internal charging acts as the main cause of 
anomalies in GEO [65], the high-energy electrons are the 
most threatening in the radiation environment of GEO. 

Figure 19 shows the risk assessment of internal charging in 
different orbits given by NASA. The chart provides a quick 
idea about whether internal charging should be of concern in 
a simple way. In the meanwhile, the situations of a few 
common satellites are marked on it. As we can see, the 
internal charging is not the principal problem in LEO, while 
most of the spacecraft in M&H including GEO is at much 
higher risk. On the basis of empirical models, the internal 
electric field of the spacecraft can be simulated by taking 
advantages of software like DICTAT and SEAES [154-156]. 

 
FIGURE 19.  The map of internal charging risk [157]. 

C.  MACROSCOPIC PARTICLE ENVIRONMENT IN M&H 
The density of space debris in M&H is much less than that in 
LEO. Even if at the peaks of each size, it is still 1-2 orders of 
magnitude smaller, and the density of space debris reduced 
drastically in regions higher than GEO. Nevertheless, except 
for regions at the bottom of MEO, space debris in M&H 
cannot be cleared up by the atmosphere, which leads to a 
long lifespan and rapid increase of it. Figure 20 demonstrates 
that there are two density peaks around 20000 km and GEO 
[127]. Compared with LEO, low as the probability of 
collision is, space debris is still threatening for spacecraft 
operating around the peaks. On the other side, the flux of 
micrometeoroids in M&H is far from close to that in LEO, 

and therefore space debris the main hazard of macroscopic 
particle environment. 

 
FIGURE 20.  The density of space debris in M&H [127]. 

Ground-based radars have difficulties in monitoring 
dangerous debris in M&H accurately due to the high altitude. 
Whereupon, optical observation is the main approach with 
the guidance of efficient search strategies [158]. Multiples of 
semi-empirical models for M&H have been proposed, such 
as MASTER, LUCA, and SDM/STAT [128-130]. The 
spacecraft in M&H requires capacity for deorbiting and 
sending items to graveyards. Besides, capturing in-orbit 
should be available for space debris in specific orbit [159-
161], to dispose of them by collecting or removing [70, 72]. 

D.  THE TEMPERATURE FIELD IN M&H 
Spacecraft in M&H suffers space external heat containing 
solar radiation, earth infrared, earth albedo, as well as the 
heat sink of cold black environment. Seeing that the effects 
of earth infrared and albedo are one order of magnitude 
smaller than that of solar radiation at least, the temperature 
changing could mainly consider the effects of solar radiation 
in some cases [162].  

The temperature difference in M&H is larger than that in 
LEO, as exampled in Figure 21. The maximum difference of 
an antenna with an aperture of 7.5 m could be up to 200 °C at 
the same time [163]. Large difference like this is inclined to 
induce thermal deformation and vibration which is harmful 
to operation. However, since the spacecraft in M&H takes a 
longer time to pass through the penumbra region, it suffers a 
relatively small gradient of temperature than that in LEO. 
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FIGURE 21.  The temperature change of a feature point in an antenna 
in GEO [132]. 
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