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Background
Spacecraft are growing in complexity and sensitivity to environmental 
effects.  

The spacecraft engineer must understand and take these effects into 
account in building reliable, survivable, and affordable spacecraft.  

Too much protections, however, means unnecessary expense while too 
little will potentially lead to early mission loss.  

The ability to balance cost and risk necessitates an understanding of how 
the environment impacts the spacecraft and is a critical factor in its 
design.  

This presentation is intended to address both the space environment and 
its effects with the intent of introducing the influence of the environment 
on spacecraft performance.  
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Impact

• 600 satellites currently in orbit (1999) are worth $50-$100B with 235 insured for $20B

• 1500 space payloads are expected to be launched 2000 – 2010 with a potential insured 
value of $80 billion!

• 481 US satellites currently manifested from 2011 - 2020 at a total cost of  $150B
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Impact



6July 18, 2012

Impact

Subsystem In-flight Failure Causes 
(Hecht, 1985)
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Impact

Mariner IV
What:  NASA planetary exploration spacecraft.

Event:  Encountered meteoroid stream 
between the orbits of Earth and Mars
in September 1967.

Consequences:  
- Cosmic dust detector registered 17 hits within 15 minutes;
- 2-3 orders of magnitude more hits estimated over entire craft.
- Bombardment caused temporary change in attitude but no
loss of power; torqued about the roll-axis.
- One-degree temperature drop indicative of thermal shield 
damage.

Outcome:  Resumed normal operation within ~1 week.

What:  NASA observatory.
Event:  Struck by a Leonid or sporadic(?) 
near the time of Leonid shower peak in November 2003.
Consequences:

- Pointing stability discrepancy indicated strike, 
as no evidence of spurious thruster firings or an indication
of an internal cause. 

- Change in momentum – caused a “wobble”.

Outcome:  All systems continued to operate normally
following the event.

Chandra X-Ray Observatory



Guideline Process

1. Define the environments

2. Analyze potential environmental interactions that could occur

3. Implement mitigation strategies to minimize/eliminate adverse 
interactions

4. Ground test to evaluate engineering performance in relevant 
environment

5. Analyze the data from the spacecraft to determine effectiveness of the 
process

6. Integrate information learned into process improvement



– Atmospheres

– Solar UV Flux

– Atomic Oxygen

– Space Vacuum

– Thermal Cycling

– Plasma / Charging Environments

– Micro-Meteoroid/Space Debris

– Spacecraft Induced Environment

– Charged Particle Radiation
• Radiation Belts

• Auroral Region

• Solar Wind

• Interplanetary

Environments



Contamination

• Particulate and Molecular
– Particulate Contamination
Generated by Handling, Launch 
Vibration, AO, Moving Parts…

– Volatiles may Escape Materials 
due to Outgassing in Space, 
Venting, Engine Firing…

• Outgassing Rate is 
Temperature Dependant

• Deposition on other spacecraft 
surfaces

• Deposition Rate Affected by 
Solar UV, AO, and Surface 
Temperature



Contamination

• Contamination Control
– Contamination Control Imperative for 

Sensitive Optics and Thermal Control 
Surfaces

– Ground Support Equipment is    
Considered a Potential Contamination    
Source

– Standard Material Tests and Modeling for    
Contamination Exists

• Databases of Materials  are Maintained
– Contamination Control can be Achieved

• Material Selection, Thermal Vacuum Bake-
out, Clean Room Control, Spacecraft 
Design



Plasma
• Spacecraft can Interact with Ambient 

and Induced Plasma Environments

– High Voltage Solar Arrays can be 
Damaged by Arcing

– Floating Potentials can Charge 
Spacecraft Leading to Damage on 
Surfaces

• Dielectric  Breakdown, 
Contamination from Ejecta, 
Sputtering due to Ion Impact

– Currents Collected by Arrays Flow in
Structure

Solar Array Arc

Dielectric Breakdown in 
Anodize Aluminum



Atomic Oxygen (AO)

• The Main Constituent at 200-500 Km is AO
– The AO Density Decreases Exponentially with Altitude
– Spacecraft Velocity > Thermal Velocity means that AO 

Impacts Ram Facing Surfaces with ~ 5eV
– AO Erodes many Polymeric Materials

• Mass Loss Affects Thermal, Optical and 
Mechanical Properties

• AO Oxidizes Metallic Materials
– AO Interaction with Exterior Materials can Produce 

Glow
– AO Interaction can Enhance Contaminant Deposition



Thermal Vacuum

• Spacecraft Systems Affected by Vacuum Environment
– Without Atmosphere, A Spacecraft Relies on  Transferring 

Heat to its Surroundings by Radiating  Infrared Energy.

• Thermal Control Coatings Reflect Solar Energy Away and 
Radiate Thermal Energy

• Degradation of these Materials may have Significant Affect on 
Spacecraft Thermal Control

– Spacecraft Materials may Cycle Hundreds of Degrees C 
when going from Sunlight to Shadow.

– High Thermal Environments enhance Diffusion processes



Electromagnetic Radiation
(UV, Soft X-Rays)

• Degradation of Material Properties
– Causes Darkening of Materials such as 

Silica Glass, Thermal Control Coatings, 
Polymer Films, Some Composites and 
Ceramics

– Embrittlement of Polymer Films
– Thermal Control Properties may be 

Seriously Degraded by UV Exposure of 
Contaminants Adsorbed onto Surfaces

• Simultaneous UV and Contaminant 
Flux to a Surface can Significantly 
Enhance Permanent Contaminant 
Deposition



Micrometeoroid/Space Debris

• Naturally Occurring Particles are 
Meteoroids, Man-Made Particles 
are Orbital Debris
– Average Velocity of 17 Km/s for 

Micrometeoroids and 8 Km/s for  
Orbital Debris

• Models of Environment Exist and 
Probability of Impact can be 
Calculated

• Impacts can Penetrate Walls, Cause 
Pitting of Optics, Degrade Solar 
Arrays, and Thermal Control 
Materials
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Environments - Sporadic Meteoroids
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Environments - Meteoroid  Streams

Shower Peak RA Dec. Duration
(days)

Rate
(/hr)

Quadrantids Jan. 3 231 +50 0.5 90

Lyrids Apr. 21 272 +32 2 5

Eta Aquarids May 4 336 00 10 30

Northern Delta Aquarids July 29 339 00 20 10

Perseids Aug. 12 46 +58 5 70

Orionids Oct. 21 95 +15 5 20

Taurids Nov. 1 54 +21 30 5

Leonids Nov. 16 152 +22 4 5

Geminids Dec. 13 113 +32 6 100

Ursids Dec. 22 217 +80 2 15

 Consist of particles ejected from the parent comet during a single 
passage around the Sun.

 Produce meteor showers and storms here on Earth.

Over time

- slight differences between the
comet’s and particles’ velocities

- perturbations caused by planetary 
gravity and solar radiation pressure

change the orbit of the stream so 
that it no longer follows the exact
path of the comet.
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Environments – Orbital Debris

38 %

18 % 12 %

31 %

1 %

payloads

rocket bodies

anomalous debris

operational debris

fragmentation
debris 

~12,000 tracked 
objects in 2003                   

(5 cm diameter)

Courtesy NASA JSC, M. Matney, J.C. Liou
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Environments



Radiation Environment

• Particle Radiation Displaces and 
Ionizes Material in its Path
– Result is Degradation in Material 

Properties
– Cross-Linking (Hardening) and 

Chain-Scission (Weakening) of 
Polymers

– Degradation of Solar Cell 
performance

– Single Event Upsets (SEU)
– Darkening of material
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Environments
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Environments
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Environments
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Environments
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Summary

• Define the environment
• Be aware of the combined environmental effects: Synergisms
• Test materials and systems to ensure engineering performance is    

well above end of life at end of mission
• Literature search can save time and  lower cost
• Flight heritage in one environment does not qualify for use in    

another environment
• How do I get help ?

– Reference books
– Web sites
– Contacts



27July 18, 2012

Space Environments and Interactions References

BASIC CONCEPTS

• Haymes, R.C.  Introduction to Space Science.  New York, NY:  John Wiley and Sons, Inc., 1971.  
• Garrett, H.B. and C.P.  Pike, eds.  “Space Systems and Their Interactions with Earth’s Space 

Environment.”  Prog. Astronaut. Aeronaut. 71 (1980):
• Jursa, A., ed. Handbook of Geophysics and the Space Environment. National Technical 

Information Services Document, Accession No.  ADA  167000, 1985.
• Wertz, J.R. and W.J. Larsen, eds. Space Mission Analysis and Design. Doredecht, The 

Netherlands:  Kluwer Academic Publishers, 1991.  
• DeWitt, R.N., D.P. Dutson, and A.K. Hyder, eds.  The Behavior of Systems in the Space 

Environment. Doredecht, The Netherlands:  Kluwer Academic Publishers, 1994.  
• Tribble, A. The Space Environment:  Implications for Spacecraft Design.  Princeton, NJ:  Princeton 

University Press, 1995
• Hastings, D., and H.B. Garrett.  “Spacecraft-Environment Interactions.”  Atmospheric and Space 

Science Series, ed. A.J. Dessler.  Cambridge, England:  Cambridge University Press, 1996.  



28July 18, 2012

SPACE ENVIRONMENTS AND INTERACTIONS REFERENCES

ENVIRONMENTS
Sun
Feynman, J. “Solar Wind.” Chap. 3 Handbook of Geophysics and the Space Environment, Springfield, VA:  National Technical Information Service, ADA 
16700, 1985.
Feynman, J., G. Spitale, J. Wang, and S. Gabriel.  “Interplanetary Proton Fluence Model: JPL 1991.”  J. Geophys. Res. 98 (A8, August 1, 1993): 13,281-
13,294.
Earth

Atmosphere
Whitten, R.C. and I.G. Poppoff. Fundamentals of Aeronomy. New York: J. Wiley & Sons, Inc., 1971.  
Banks, P.M. and G. Kockarts. Aeronomy, Parts A and B. New York:  Academic Press, 1973.
Whitten, R.C., W.W. Vaughn, K.S.W. Champion, and R. Reid.  Guide to Reference and Standard Atmosphere Models.  AIAA, 1996.  American National 
Standard BSR/AIAA G-003A-1996.

Ionosphere
Carlson, H.C., D.N. Anderson, S. Basu, E.J. Fremouw, R.R. Heelis, and R.W. Schunk.  Guide to Reference and Standard ionosphere Models. AIAA, 1999.  
American National Standard BSR/AIAA G-034-1998.

Magnetosphere
General

Alfven, H. and C.G. Falthammar.  Cosmical Electrodynamics. Oxford:  Clarendon press, 1963.  
Garrett, H.B. “Review of Quantitative Methods of the 0 to 100 keV Near-Earth Plasma.”  Rev. Gepphys. Space Sci. 17 (1979): 397-416
Space Station Electromagnetic, Ionizing Radiation, and Plasma Environment Definition and Design Requirements. NASA Space Station Freedom Program 
Office, 1990.  SSP 30420

Magnetic Field
Knecht, D.J. and B. Shuman. “The Geomagnetic Field.” Handbook of Geophysics and the Space Environment, Springfield, VA:  National Technical 
Information Service, ADA16700, 1985.
Langel, R.A. “IGRF, 1991 Revision.”  EOS Trans. AGU 73 (1992): 182
Tsyganenko. “A Model of the Cis-Lunar Magnetospheric Field.” Annals. Geophys. 32 (January-March 1976): 1-12.

Plasma Dynamics
Roederer, J.G. Dynamics of Geomagnetically Trapped Radiation. Vol. 2. Physics and Chemistry in Space, New York: Springer-Verlag, 1970. 
Northrop, T.G. “The Adiabatic Motion of Charged Particles.” Interscience, New York, NY:  1963.  

Radiation Models
Vette, J.I. The AE-8 Trapped Electron Model Environment.  NSSDC/WDC-A-R&S, 1991.  91-24



29July 18, 2012

SPACE ENVIRONMENTS AND INTERACTIONS REFERENCES



30July 18, 2012

SPACE ENVIRONMENT REFERENCES (Cont.)

6-30



31July 18, 2012
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