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What is the Space Environment?

Space environment is the large void which occupies the (relatively) empty
areas of the universe outside the atmosphere or surface of any planet (Earth).
It addresses the time variable conditions
on the Sun and in the space
that may affect space-borne or ground-based
technological systems and, in the worst case,

endanger human health or life
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_Factors affecting spacecraft in space Environment
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Tangential )
] Motion .

Satellite §

Satellite Velocit = Gravitational uII of Earth
CDN} @dAlGe R2Say Qi 8edimtolspaBer & |-
(e.g. Pulbf gravity at 300 km is ~ 91%)

C 9 I NIré&vitatonal pull dominates objects closeito

Moon and Surmay haveno effect on Earth orbiting Orbit

Altitude (km)

LEO: Low Earth Orbit

~ 200 2000

spacecratft.
PEO: Polar Earth Orbit

LEO(i= 90)

C Forinterplanetaryspacecraft, thd dzy Q& 3I NI DA (i

pull dominates.

C Gravity dictate the size and shape of a spacecraft orbit Il VSRl
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Vacuum

Hard Vacuum
(10%-10°torr)
~ 350Km is 10 order ", .,

of magnitude less at * » "

sea level

~ 100Km is 6 order ',

' Wy

of magnitude less at v’
sea level

Vacuum Induced Ougassing|

Particles bubble out of a material
because of the very higipressure
differences bet- trapped gasses and
ambientenv.

Outgas moleculescpontaminatea
material) & Cause problems to
thermal surfaces, optical sensors

High amount of UV radiation

Change molecular composition of
materials

Degrade thermal control
subsystems

Degrade optics, affect solar array
efficiency
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nvironment

Neutral thermosphere / Photo dissoci%
UV radiation

< 550Km > 150 Km
Neutral gases (e.¢d, He, AO & N) <243 nm

AO is the Most abundant
species over LEO
environment

Altitude (km)

Mesosphere

Stratosphere!

droposphere!
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A Atm0§phere (Neuﬁtﬁ“aﬂ Space

AO can cause:
.a - —a— Copper Molybdenum
ErOSIOnOf Su rfaces . —w— Tungsten Tantalum

——Titanium Niobium

Loss of mass 0 ——

Degradation in mechanical, thermal, and

optical properties

Optical glow near material surfaces lead to

optical system contamination

Surface oxidation which may change thermal

properties . -
Spacecraft Orbital Velocity~ 7.8 km/d e kevtar | O Halar N

300 4 L Peek —x—Tedlar :I; zll !'Is ('iv
AO Erosion depth variation along SC23 1 | Skapon o potyethylen . AO Fluence (10-om )

250 —— TeflonFEP —O— Epoxy B
—&— Carbon []— Silicon

Atomic Oxygen ®v

Erosion Depth (10”°cm)

Samwel 2014
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Erosion Depth (10°cm)

e|polymers AO Erosion depth as 3
2 R m S function of AOfluence

AO Fluence (10%cm™)
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Atmo_sphere (NeutraI‘Space En\ﬁiﬁmnment)

Orbit

With no drag

e
With drag

Satellite
Drag Region

Air resistance ( 36800 km), still strong to
produce drag and pull the satellites closer to
Earth
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Micrometeoroi ds and Debris ( Particulate Environme m)

Micrometeoroids Orbital Debris
(MM) (OD)
Naturally particles Man- made

Produced by comets & Comprised of non functioning satellites,
asteroids rocket bodies, broken parts of the satellites

: : : . explosive bolts, specs of paint,..
Micron ¢sized grains (Silicate core,

surrounded by ice, £ n-® glcn?) Metalli:_: Obﬁct I3ik§| Al”é v
HOy K

-— —> Destroying satellites

Crater the materials

Spall off a coating g, .+ ot asolar cell  Penetrate coating and solar cells

Temporary perturbation---->termination of the mission

2"dSummer School on Space Research, Technology aRbApgialians, -B0 July 2022



Charggd Particles (Plasma & radiation envirbnment)

Plasma Environment

The space plasma environment can affect spacecraft in any orbit

Precipitating Electrons:
High Energy: 1-100 keV

Low Density: 1-10 cm™ UV radlatIOn /
Increasing Latitud e %{l e O]

. L EED_QAD o
Polar: ~55°-90° Latitude Increasing Altitude %L

@@@@/@@
©6 © 0 o

GEOQO: 6.6 Earth Radii
High Energy: 1-30 keV
Low Density: 0.1-1 cm™

LEO: 100-2000 km
Low Energy: 0.1-0.3 eV S ]
High Density: 102-10° em 3 LEOA Photo-ionization

GEQA Photo-ionization & transport

Properties of the natural space plasma
NASAReference Publication, 1375
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Charggd Particles (Plasma & radiation envirbnment)

Spacecraft Charging

e, 76100KeV A e, 100keV

[ \

Surface Charging Internal Charging

caused by interaction of spacecraft surface caused by higkenergy electrons
with low energy plasma particles or space penetrating dielectric materials
radiation

( T \

Absolute Differential
Charging Charging

Charging of the whole spacecraft Parts of spacecraft charged to
surface to net potential relative to different potential relative to

the surrounding plasma one anotlyer

\

\4

GEO, Polar orbit, and LEO Mostly, GEO orbits
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Chargd Particles (Plasma & radiation envirbnment)

When two surfaces are charged to a different voltage, the difference in
potential causes the charges to redistribute via an electric arc

Minor issues Permanent damage onboard
(sputtering, pitting of surface «<—— /\J — electronics

material) ( inducingunwanted current)
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Cha rged Pa rt|C|es (Plasma & radiation enwronment)

Or Enwronment
" Galactic Cosmic Rays

-—— e
- SPRE RSN

vv

~m“§‘ Iar?;rotm’ls—
Heawer lons

Trapped Partlcles

: Protons, Electrons, Heavy lons
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Charged Particles (Plasma & radiation envirbnment)

Radiation Environment
Trapped Particles

Outer Belt

500Km to 6000 km 13,000to 60,000 km

Protons (E< 500/1eV) j Electrons (E< MeV)
Inne
aibior— Dlgpantt

lllll
" ,,,
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Charggd Particles (Plasma & radiation envirbnment)

Radiation Environment
Galactic Cosmic Rays (GCRS)

T T T ™ o 1T 1T ™ 5 1T 1 ™ 101
Smoothed Sunspot Number

Originate outside the solar system

For very high energies, particles ar
extragalactic

IJ'T{#'&
83% protons, 13%alphas, 1% /
heavy ions

i J\" | W

Very low flux, compared to MicMurdo, Antarctica, Neutron Monitor

Trapped and solar particles e "";‘J:;“:;“.L‘J;L““‘““::E““@“;:ﬁ“” Solar Mpdulation -

m 1 h B 1 ‘ 1 1B H 1 12 H || I I ]
'I'EIEEI IEIE-E IEI]"EI 19?5 'I'QEHJ 19&5 1990 1995 2000 2005
YE AR

Energies 108eV/n-100s GEV/n Sunspot numbers (top) and (arproportional) cosmic ray intensity measured
by the McMurdo Neutron Monitor from 1960 to 2001 (bottom).

(Dobschinski 2007)

Counts/Hour™00
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Charggd Particles (Plasma & radiation envirbnment)

Radiation Environment
Solar Energetlc Partlcles (SEPS)

2000,/11,/08

[ONS [em™ 57" &™)

P e o B AT ) Ty Y14

2000,/11 /08 12:00 2000,/ /08
CHWE Height—Timea

HH%HI“HHIH”HIHHH

e

o 7 {;-;}@- -5}0 -
; M Mﬁ J - gﬁ - f E aﬂ"%

2-::100;1 1/08 12:00 2000,/11,/08
GOE=

HA1 Iiﬂ?g
M1 3WEa

M OWT T

MNOSWFS
Wil 4 aa L

20004/ 11 /07 21300;'11,.-’03 20{:.0,.-;1 1,408 2000/11/08 00:06

2dSummer School on Space Research, Technology afRbApgiitaliamis, -B0 July 2022



Charggd Particles (Plasma & radiation envirbnment)

Space Radiatioiffects (long term effect)

Total lonizing Effect

C lonization: the main mechanism which allow space energetic particles
to deposit energy as they pass through spacecraft material
C Mainly caused by trapped particles in théanAllen belts.

atom atom

ADefect centers in the optical material®.g. camera lenses, mirror
optics ,coverglasof the solar cells)
ADevice leakage, powetonsumption &decreased functionality

Displacement Damage

C Energetic particles (protons/ionsylisplace atomdrom their proper
crystal lattice locations.

C Creates crystal defects

AAlter material and device electrical and optical properties.
Almportant for solar panels, where DD effects gradually reduce tt
Output power .
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‘ Charggd Particles (Plasma & radiation envirbnment)

Space Radiation Effec{short term effect)

Single Event Effect (SEE)
C Single ion strike a material, depositing sufficient Each particle

produces an

energy either through ionization track

U its prime strike (direct ionization via heavy ions from
GCRs) or by

U secondary particle occur from strike (indirect
lonization via protons) to cause an effect in the device

a) Heavy lons (ionization
by each particle)

Soft errors

Hard errors
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¢ We Should care for the space environment effects on spac
missions o

C Sucheffects are potentially-expensiveproblems

: essarye\)gfn S€

/4
Y
’
r,

C Toomuch protections, leadsto un

Py

C Toolittle may lead to missionloss

Properdesignmay limit suchproblems
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1Al l- egicnal Meetings

1AL Meeting
Fehruary 13-16, 2023
1l Activities: Near and Far

survey the interdisciplinary g :L. of astronomy
lid block of astronomers and centers that can keep the initial
momentum of moving astronomy forward in this part of the world, a momentum tha Il be produced
by the MEARIM. The meeting is intended to bri gether the astronomers, observational. theoretical
icists and space scientists and to encourage the interaction and collaba n between them
sociate as many African and Middle East countries as possible. The Conference Covers a
wide range of topics in the field of astronomy and space science to explore the near and far universe.
The National Research Institute of Astronomy and Geophysics INH[ALrL Cairo, Egypt, will host
the 6* Middle-East and Africa Regional l-5.L| .\'lm.tm; (MEA [-l]"'d "-'lb s the second time for
MEARIM meetings to be held in ;
pt during April, 2
NRIAG has very long history of Astronomical and Geophysical observation since it was established
] [n l”'?"- "JP].-H_- ha.r been moved to the current location at

i0 Astronomy
smology )
Modern Observational Techniques of Space Objects g
Instrumentations, Technigues and Facilities
Education and Outreach Astronomy
Venue:
National Research Institute of Astronomy and Geopliyvsics
(NRIALG), Helwan, Caire, Egvpi.
Important dates
= Ahbstract submission desdline: September 15, 2022
= Abstract acceptance notificatio tober 30, 2022
* Registration Deadline: December 152022

Contact:
MNational Research Institute of
Astronomy &

HH

Egwptians
Non-Egyptians

MEARIM&

Phone:+202-2
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