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“An Ounce of Prevention Is Worth a Kilogram of Cure”

BACKGROUND

The effects of the jovian space environment pose a particularly 
severe risk to the survival of spacecraft.  The spacecraft engineer 
must understand and take these effects into account in building g
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 p y y y
balance cost and risk necessitates an understanding of how the 
environment impacts the spacecraft and is a critical factor in its 
design.  This course is intended to address both the space g p
environment and its effects with the intent of providing practical 
means for mitigating or at least limiting the worst aspects of 
spacecraft environment interactions for jovian missions.
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Impact Of Space Environment and Testing On 
Spacecraft FailuresSpacecraft Failures

OVER TEST --- PRE-LAUNCH

“DESIGN FAILURE” 

ENVIRONMENTAL 
MODEL 

ENVIRONMENTAL 
ESTIMATES 

ENVIRONMENTAL 
DESIGN 

REQUIREMENTS

UNDER TEST --- IN-FLIGHT

“DESIGN FAILURE” 
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Things That Can Go Bump in the Night ...

THE BUMPS:

– MECHANICAL THERMAL OPTICALMECHANICAL, THERMAL, OPTICAL

– RADIATION

SURFACE CHARGING– SURFACE CHARGING

– INTERNAL CHARGING

– CONTAMINATION

– METEOROIDS AND DEBRIS
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Subsystem In-flight Failure Causes 
(Hecht, 1985)( , )
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Impact of the Space Environment on Space Systems+
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Environmental Requirements Procedural Flow
• THE FIRST STEP IS TO DEFINE THE ENVIRONMENT(S) THAT THE SPACECRAFT CAN BE EXPECTED TO ( )

ENCOUNTER.

• STEP TWO IS TO ANALYZE POTENTIAL ENVIRONMENTAL INTERACTIONS THAT COULD BE OF CONCERN

• THE THIRD STEP IS TO CARRY OUT APPROPRIATE STEPS TO MITIGATE THE ADVERSE INTERACTIONS

• THE SPACECRAFT DESIGN IS EVALUATED THROUGH TESTING TO VERIFY THAT IT CAN FUNCTION UNDER• THE SPACECRAFT DESIGN IS EVALUATED THROUGH TESTING TO VERIFY THAT IT CAN FUNCTION UNDER 
THE PRESCRIBED RANGE OF ENVIRONMENTAL CONDITIONS

• IN-FLIGHT DATA FROM THE ACTUAL SPACECRAFT IS ANALYZED TO DETERMINE HOW WELL THE DESIGN 
METHODS WORKED

• FINALLY, THE INFORMATION LEARNED FROM THE FLIGHT IS USED TO UPDATE AND DEVELOP BETTERFINALLY, THE INFORMATION LEARNED FROM THE FLIGHT IS USED TO UPDATE AND DEVELOP BETTER 
MODELS FOR FUTURE DESIGNERS 
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Integrated Approach to Mission Design
KEY ENVIRONMENTS VERSUS INTERACTIONS

INTERACTIONS

G
 D

O
S

E

AR
G

IN
G

/S
H

E
AT

H

M
AG

E

O
N AC

TS

T 
U

P
S

E
TS

AR
G

IN
G

TA
L 

IO
N

IZ
IN

G

ER
N

A
L 

C
H

A

A
S

M
A 

 W
A

K
E/

W
E

R
 L

O
S

S

R
FA

C
E 

D
AM

B N
TA

M
IN

AT
IO

O
W

R
Q

U
E

S

R
TI

C
LE

 IM
PA

ER
M

A
L

G
LE

 E
V

E
N

T

TC
H

-U
P

R
FA

C
E 

C
H

A

NEUTRAL ATMOSPHERE X x X X x

E,B FIELDS x x x X X
TO

T

IN
TE

P
LA

PO
W

SU
R

Vx
B

C
O

N

G
LO

TO
R

PA
R

TH
E

S
IN LA
T

SU
R

EM FIELDS x X

SOLAR WIND PLASMA x X

IONOSPHERE PLASMA x X X xM
EN

TS

AURORA PLASMA X
TRAPPED RADIATION X X x X X
GALACTIC COSMIC RAYS X xN

VI
R

O
N

M

SOLAR PROTON EVENTS X X X x

METEOROIDS x X X
DEBRIS x X X

EN
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DESIGN OPTIONS VERSUS INTERACTIONS

INTERACTIONS
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DESIGN OPTIONS VERSUS MISSION DESIGN FACTORS

FACTORS
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Radiation Definitions

=
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Definition of Angular Coordinates Relative to a 
Surface

1-13
.For Planning and Discussion Purposes Only



IntroductionIntroduction

Key Plasma Parameters

K K
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Electron And Proton Plasma Distribution Functions

ELECTRON DISTRIBUTION PROTON DISTRIBUTION
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