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Space Environment
Effects on Materials

• Spacecraft loss or damage is very
expensive, particularly with growing
reliance of many Earth-based functions
on space systems

• Although the space environment and
its effects on materials have been
studied since the dawn of the space
age, there are still many unknowns

• With careful design, many space
environment effects on materials can

be limited at a relatively low cost

WHY DO WE CARE?

Space Environment
Effects on Materials
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After E. Daly, Alpbach Summer School

Impact of Space Effects on
Spacecraft Costs

• The 600 satellites currently in orbit are worth $50-100 billion with 235 insured
for $20 billion

• 1500 space payloads are expected to be launched the next 10 years with a
potential insured value of $80 billion!

Impact of Space Effects on
Spacecraft Costs
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Space Environment Effects on

Spacecraft by Source+

Space Environment Effects on

Spacecraft by Source+
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PRIMARY SOURCE OF SPACE

EFFECTS: THE SUN
PRIMARY SOURCE OF SPACE

EFFECTS: THE SUN
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THE EARTH’S ENVIRONMENT

B. IONOSPHERE C. ATMOSPHERE

THE EARTH’S ENVIRONMENT
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Aurora Are Everywhere…

The Shuttle….
The Auroral

Zones….

Even at Jupiter….….!
3-8

Aurora Are Everywhere…
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SPACECRAFT INTERACTIONS

•ATMOSPHERIC INTERACTIONS

•CONTAMINATION EFFECTS

•HYPERVELOCITY IMPACTS

•SPACECRAFT CHARGING

•PLASMA INTERACTIONS

•RADIATION INTERACTIONS

- Particles

- UV/EUV

SPACECRAFT INTERACTIONS



National Aeronautics and Space
Administration
Jet Propulsion Laboratory
California Institute of Technology

ATMOSPHERIC EFFECTS

GLOW

OXYGEN EROSION

_________________

(COURTESY LEGER ET AL.)

ATMOSPHERIC EFFECTS



National Aeronautics and Space
Administration
Jet Propulsion Laboratory
California Institute of Technology

INFRARED ABSORPTION
SPECTRUM OF DIOCTYL

PHTHALATE
A COMMON CONDENSABLE CONTAMINANT

DEBRIS AND
CONTAMINANT CLOUDS
AROUND SPACECRAFT

CONTAMINANT EFFECTS ON
MATERIALS

CONTAMINANT EFFECTS ON
MATERIALS



National Aeronautics and Space
Administration
Jet Propulsion Laboratory
California Institute of Technology

METEOROID/DEBRIS

EFFECTS ON MATERIALS

DEBRIS/METEOROID

ENVIRONMENTS

THE DEBRIS

ENVIRONMENT

METEOROID/DEBRIS

EFFECTS ON MATERIALS
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SPACECRAFT

SURFACE

CHARGING

Theory of

Charging

SPACECRAFT

SURFACE

CHARGING
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SURFACE DISCHARGE EFFECTS
(K.G. BALMAIN, 1980)

SURFACE DISCHARGE EFFECTS
(K.G. BALMAIN, 1980)
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INTERNAL ELECTROSTATIC

DISCHARGE--SATELLITE KILLER…

DISCHARGE PATTERN

INTERNAL ELECTROSTATIC

DISCHARGE--SATELLITE KILLER…
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PLASMA INTERACTIONS DS-1

ION ENGINE

Computed1 ion density contours for
30-cm NSTAR ion engine at full power
(beam current ~ 1.8 A, ion engine
power ~ 1.5 kW)

NSTAR Ion

Thruster

Ion Density

(m-3)

(m)

EFFECTS OF CHARGE EXCHANGE (CEX) IONS

• DS-1: 1013-1014 m-3 CEX ions within 50 cm radius
along thruster exit plane implies currents of >10 mA/m2

• As the negative accelerator grid can operate at less

than -200 V, hundreds of mA/m2 may bombard it

• Grid material is removed by a sputtering process from
CEX ions

• Eventually the CEX ions will erode pits and grooves in
the grid that limit the operating lifetime

• Sputtered material can deposit on nearby surfaces
(solar arrays, radiators, science instruments)

• Ionization of Mo atoms in plume leads to non-line-of-
sight transport and deposition

1 Davis, V.A., et al. “Ion Engine Generated Charge Exchange
Environment: Comparison Between NSTAR Flight Data and
Numerical Simulations,” AIAA Paper 00-3529, July 2000

PLASMA INTERACTIONS DS-1

ION ENGINE
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Displacement Interactions

Ionization Losses

Radiation

Effects on

Spacecraft

Systems and

Materials

•Energy Loss Effects

-Displacement Damage

-Total Ionizing Dose

-Single Event Effects

-SEU

-Latchup

-Gate Rupture

100 µm

50 µm

-Flux/Rate Effects

-Material Changes

-Internal Charging

-UV/EUV

Primary Sources of Damage

Radiation

Effects on

Spacecraft

Systems and

Materials
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RADIATION EFFECTS ON

MATERIALS

SOUTH ATLANTIC ANOMALY

PROTON SEUS--HUBBLE

RADIATION EFFECTS ON

MATERIALS

Courtesy P. Willis, JPL
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RADIATION HARDENING APPROACH

• Define the shielded radiation environment

• Parts parameter data--characterization screening

• Worst case circuit analysis--conservative design rules

• Shield to provide the part performance requirements

• Employ radiation tolerant circuit designs

5 YR TOTAL DOSE

TOTAL IONIZING DOSE

EFFECTS
TOTAL IONIZING DOSE

EFFECTS
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General Purpose Heat Source Radioisotope Thermoelectric Generator

Lightweight Radioisotope Heater Unit

MAN-MADE SOURCES OF

SPACE EFFECTS

MAN-MADE SOURCES OF

SPACE EFFECTS
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Tedlar: 3-4 Yrs GEO
Test Exposure

White Paint: GEO
Test Exposure

Silver Teflon:
Flight Data

RADIATION EFFECTS
ON MATERIALS

Materials suffer from
UV/EUV and particle
radiation (Grads on
surfaces!) through
changes in:
•  Dimensions
•  Tensile strength
•  Conductivity
•  Transmission
•  Reflectance
•  Decomposition

Adapted from Meshishnek et al., 2004
Courtesy of the Aerospace Corporation

RADIATION EFFECTS
ON MATERIALS
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SPACE ENVIRONMENTS

VERSUS INTERACTIONS

SPACE ENVIRONMENTS

VERSUS INTERACTIONS




