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INTRODUCTION

THIS DOCUMENT ADDRESSES BASIC CONFIGURATIONAL TRADEOFFS ASSOCIATED
WITH THE SP-100 cLASS OF NUCLEAR SPACE POWER SYSTEMS. IN THE SP-100 ProuEecT,
THE THREE REFERENCE DESIGNS, FALLBACK, BASELINE, AND ADVANCED, EMPLOY
THERMOELECTRIC POWER CONVERSION WITH DIFFERENT THERMOELECTRIC MATERIALS.

THIS 1SSUE OF THE DOCUMENT PRESENTS RESULTS GENERATED FOR THE THERMO-
ELECTRIC DESIGN AS OF THE END OF 1985. EMPHASIS IS PLACED ON SHOWING GENERAL
TRENDS AND THE RANGE OF POSSIBILITIES THAT COULD RESULT FROM SELECTION OF A
PARTICULAR DESIGN. THIS DOCUMENT, WHICH REFLECTS EFFORTS ON 100-kWE REFERENCE
DESIGNS AS OF THE END OF 1985, wiLL BE EXTENDED AND UPDATED TO REFLECT
PROGRESS IN THE DESIGN STUDIES OF THE FOLLOW-ON GROUND ENGINEERING PHASE FOR
WHICH A 300-KWE SI1ZE HAS BEEN SELECTED.

THERE 1S CONSIDERABLE FLEXIBILITY To THE SP-100 POWER SYSTEM SO THAT
IT WILL GENERALLY BE MOST ADVANTAGEOUS TO TAILOR IT TO MEET USER REQUIREMENTS.

THIS DOCUMENT IS INTENDED TO ALLOW POTENTIAL USERS TO DETERMINE THE
SP-100 CONFIGURATION THAT MATCHES THEIR APPLICATION SYSTEM REQUIREMENTS.
USING THE REFERENCE DESIGNS AS A STARTING POINT, THE EFFECTS OF HIGHER POWER
LEVELS AND DIFFERING RADIATION REQUIREMENTS AT THE USER OR PAYLOAD PLANE ARE
EXAMINED IN TERMS OF CONFIGURATIONAL PARAMETERS, I.E., MASS, FRACTION OF
SHUTTLE BAY OCCUPIED, DEPLOYED SIZE, AND SEPARATION DISTANCE OF THE POWER
SYSTEM AND PAYLOAD. THE EFFECTS OF ORBITAL ALTITUDE ARE ALSO SHOWN-.



REQUIREMENTS FOR SP-100 REFERENCE DESIGNS

THE REQUIREMENTS DESCRIBED ON THE FOLLOWING PAGE WERE DEVELOPED FOR THE
SP-100 REFERENCE DESIGNS AS OF THE END ofF 1985. THEY REFLECT A COMPOSITE OF
INPUTS FOR POTENTIAL USER MISSIONS. THESE REQUIREMENTS PROVIDE A FRAMEWORK
WITHIN WHICH DESIGN CONCEPTS CAN BE EVALUATED.

THE REQUIREMENTS FOR THE NATURAL ENVIRONMENT ARE GIVEN IN TERMS OF THE
ORBITAL ALTITUDES FOR RADIATION, METEOROIDS, AND DEBRIS. [HE EXTENT OF THE
ENVIRONMENTAL EFFECTS SUCH AS THE VAN ALLEN RADIATION LEVELS AND THE MASS AND
SIZE DISTRIBUTION OF METEOROIDS AND DEBRIS PARTICLES ARE SPECIFIED IN THE

SP-100 pocuMENT ENTITLED NucLEAR SPACE PoweR SYSTEM PRELIMINARY DESIGN GOALS

AND REQUIREMENTS, WHICH HAS A REVISION DATE oF DEcemBerR 20, 1984. THE woRrsT-
CASE NATURAL RADIATION ENVIRONMENT IS GIVEN IN NASA TM 82478, WHILE THE
METEOROID ENVIRONMENT 1S GIVEN IN NASA SP-8013.

EACH USER HAS A SET OF SPECIFIC REQUIREMENTS SO IT IS PROBABLE THAT THESE
WILL BE MODIFIED FOR A SPECIFIC APPLICATION. SUCH MODIFICATIONS WILL RESULT
IN CONFIGURATIONAL CHANGES THAT, IN TURN, WILL REQUIRE A POWER SYSTEM-USER
APPLICATION SYSTEM TRADEOFF STUDY TO DETERMINE THE BEST OVERALL ARRANGEMENT.
THIS DOCUMENT GIVES INSIGHT INTO THE EFFECT OF CHANGES IN REQUIREMENTS ON THE

POWER SYSTEM.



O Ul =W N
L]

8.

REQUIREMENTS FOR SP-100 REFERENCE DESIGN

ELECTRICAL POWER DELIVERED TO USER: 100 KWE TOo END OF LIFE.
LiFeE: 7 YEARS AT FuULL POWER; 10 YEARS TOTAL.

MAss OF POWER SYSTEM: <3000 K6 INCLUDING DEPLOYABLE BOOM.
STOWED SIZE LIMITATION: ONE-THIRD OF SHUTTLE BAY.

USER PLANE (USER AREA SHIELDED FROM RADIATION): >4.5-M DISK.
RADIATION DOSES AT USER PLANE FOR 7/-YEAR, FULL-POWER OPERATION:

A NEUTRON FLUENCE: 1013 NeuTrons/cM2.
B. GAMMA DOSE: 5 x 105 RADS.

NATURAL ENVIRONMENT (WORST CASE CONDITIONS):

A. PLASMA, LOW EARTH ORBIT oF 500 kM, 28° INCLINATION

B. RapiaTioN, 3000-kM ALTITUDE AT 0° INCLINATION.

c- MeETEOROIDS, 6000-KM ALTITUDE, MASS DENSITY OF 0.5 GM/cM3
AND MEAN VELOCITY ofF 20 KM/s.

D. DeBrIs, 600- 1o 1100-KM ALTITUDE, MASS DENSITY OF

2.7 GM/CM3 AND MEAN VELOCITY OF 10 KM/sS-.

CAPABLE OF ACHIEVING FULL POWER WITHIN 10 HOURS OF STARTUP.



SAFETY FEATURES

THE OVERALL SAFETY GOAL FOR THE USE OF NUCLEAR SPACE POWER
SYSTEMS 1S TO ENSURE THAT RISK TO THE POPULATION AND ENVIRONMENT
IS ACCEPTABLY LOW, CONSIDERING THE POTENTIAL BENEFITS. THE
SP-100 PROGRAM 1S DEVELOPING A SAFETY PLAN TO ACHIEVE THIS
GOAL. THE CURRENT NUCLEAR SAFETY FEATURES OF THE SP-100
REFERENCE DESIGNS ARE SUMMARIZED ON THE OPPOSITE PAGE WITH RESPECT
TO ACCIDENTS, DESIGN REQUIREMENTS, AND ENGINEERED PROTECTION

CAPABILITIES-



SAFETY FEATURES

THE REACTOR WILL REMAIN SUBCRITICAL FOR ALL POSTULATED LAUNCH/ PRELAUNCH
ACCIDENTS, REENTRY, GROUND IMPACT, AND SUBSEQUENT IMMERSION IN WATER OR
SOIL.

REENTRY WILL NOT OCCUR UNTIL RADIOACTIVITY IS SUFFICIENTLY LOW, WITH
PROVISION FOR DETECTION AND RECOVERY OF SPECIAL NUCLEAR MATERIALS UPON
REENTRY.

UNDUE RISK WILL NOT BE TAKEN WITH HAZARDOUS MATERIAL RELEASE UNDER
POSTULATED ACCIDENTS.

THERE WILL BE AUTONOMOUS MONITORING OF REACTOR PERFORMANCE FOR A PERIOD
OF AT LEAST SIX MONTHS WITH NO INTERACTION FROM GROUND.

THERE WILL BE COMMAND RECEPTION CAPABILITY TO ADJUST POWER OUTPUT TO USER
NEED.

THERE WILL BE SUFFICIENT TELEMETRY TO ENABLE RAPID AND EFFECTIVE USER
CONTROL.

AN INDEPENDENT ELECTRICAL POWER SOURCE WILL BE PROVIDED FOR REACTOR
MONITORING.

THERE WILL BE TWO-FAULT TOLERANCE FOR ALL SAFETY-RELATED FUNCTIONS.



REFERENCE DESIGNS

STARTING AT THE FORWARD (LEFT-HAND) END OF THE DEPLOYED CONFIGURATION, THE MAIN
ELEMENTS OF THE SYSTEM ARE THE REACTOR, THE GAMMA SHIELD, THE NEUTRON SHIELD, THE
CONVERTER MODULE, AND THE HEAT PIPE RADIATOR THAT HOUSES THE SPACE FRAME. REFERENCE
DESIGNS USE A CONICAL RADIATOR DESIGN, ONE OF SEVERAL RADIATOR DESIGNS BEING CONSIDERED.
THE POWER SYSTEM IS SEPARATED FROM THE PAYLOAD BY A DEPLOYABLE BOOM. THE POWER
CONDITIONING AND CONTROL MODULE IS LOCATED AT THE PAYLOAD IN THE DEPLOYED CONFIGURATION
AND HOUSED WITHIN THE RADIATOR ENVELOPE DURING THE PREDEPLOYMENT PHASE. THE THERMO-
ELECTRIC CONVERTERS ARE ATTACHED TO THE BACK SIDE OF THE RADIATOR.

THE TYPICAL BASELINE REFERENCE DESIGN CONSISTS OF A FAST SPECTRUM LIQUID METAL-
COOLED REACTOR; UN-FueLeD, PWC-11 REFRACTORY METAL CLADDING AND STRUCTURE; LITHIUM
HYDRIDE-TUNGSTEN RADIATION SHIELD; ELECTROMAGNETIC-PUMPED LIQUID LITHIUM LOOP COUPLED
To A S1GE/GAP THERMOELECTRIC POWER CONVERSION SYSTEM (Z = 0.8 x 1073); AND A WASTE HEAT
REJECTION SYSTEM EMPLOYING HEAT PIPE RADIATORS. [HE FALLBACK DESIGN uses SiGe (Z = 0.7
x 10”3) THERMOELECTRIC MATERIAL, AND THE ADVANCED DESIGN USEs LAS (Z = 1.4 x 1073)
THERMOELECTRIC MATERIAL -

THE REFERENCE DESIGNS MEET THE BASIC REQUIREMENTS OF PROVIDING 100 kWe (END oF
LIFE) WITH A MASS oF ~3000 ke (2592 K6 FOR ADVANCED TO 3292 KG FOR FALLBACK) WHILE
OCCUPYING NO MORE THAN ONE-THIRD OF THE SHUTTLE BAY IN THE STOWED CONFIGURATION. THE
FALLBACK DESIGN REQUIRES A LARGER RADIATOR, WHICH INCREASES ITS DEPLOYED DIMENSIONS.
THE ADVANCED DESIGN DOES NOT REQUIRE A DEPLOYED RADIATOR SECTION. ALL THE REFERENCE
DESIGNS SATISFY THE REQUIREMENTS ON RADIATION DOSE CHARACTERISTICS IN THE USER PLANE
AS GIVEN IN THE FOLLOWING CHART.
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REFERENCE DESIGNS (ADVANCED, BASELINE,

POWER:

A. BEGINNING OF LIFE, 105 kWg.

B. END oF LIFE, 100 kWg.

LiFe: 7 YEARS FuLL POWER, 10 YEARS LIFE. |

AND FALLBACK)

Mass: 2592 1o 3292 k6. I‘
DIMENSIONS
A. DEPLOYED REACTOR
LENGTH, L: 6.1 10 11.6 M.
DIAMETER, D: 4.3 10 8.1 M.

B. STOWED (1/3 OF SHUTTLE BAY)
LENGTH: 6.1 M. v
DIAMETER: 4.3 M.

CoNe 1/2 ANGLE ©: 17 DEGREES. SHIELD

SURFACE TEMPERATURES: 783 T10 825 K.

User PLANE: 15.5-M DISK AT 25-M SEPARATION.
RADIATION DOSES AT USER PLANE, /-YEAR LIFE:
A. NEUTRON FLUENCE: 1013 NEuTRONS/CMZ

B. GAMMA DOSE: 5 X 10° RADS.

THERMAL FLUX AT USER PLANE: <0.07 W/cM2.
REACTOR THERMAL POWER: 1.8 TO 2.8 MWT.
REACTOR VESSEL HEIGHT: 75 cM.

REACTOR VESSEL DIAMETER: 55 cm.

100-kWE SHUNT DISSIPATOR AT THE END OF BOOM.

L -
A

3 : )
RADIATOR _ BOOM;
THERMOELECTRIC

POWER CONVERTER

LOCATED WITHIN

ENVELOPE

RELTABILITY >0.95

FIXED AND DEPLOYABLE HEAT PIPE: RADIATOR AREA: 56 To 90 M2.



SYSTEM MASS VERSUS POWER LEVEL

THIS CHART PRESENTS A SUMMARY OF SYSTEM MASS VERSUS POWER LEVEL FOR THE
CONCEPTS (FALLBACK, BASELINE, AND ADVANCED) COMPRISING THE REFERENCE DESIGNS.
ONE-MEGAWATT POWER LEVEL 1S ACHIEVABLE AT APPROXIMATELY 40 10 75 W/KG, DEPENDING
ON THE ADVANCEMENTS IN TECHNOLOGY. [HE VARIATION IN SPECIFIC POWER IS DUE TO A
VARIATION IN POWER CONVERSION EFFICIENCIES AND HEAT REJECTION DESIGNS.

THE BENEFITS OF SCALE ARE POSSIBLE, PARTIALLY BECAUSE OF REACTOR SCALING
EFFECTS WHERE MASS INCREASES SLOWLY WITH POWER LEVELS (BEYOND CRITICAL REQUIRE-
MENTS) FOR THE RANGE OF REACTOR THERMAL POWER FROM 1.8 To 24 MWT. THIS REACTOR
THERMAL POWER RANGE ENCOMPASSES SYSTEM ELECTRICAL POWER LEVELS UP To ~1 MWE.
FOR THE FALLBACK DESIGN, WHICH HAS THE LOWEST POWER CONVERSION EFFICIENCY, SMALL
INCREASES IN POWER LEVELS REQUIRE RELATIVELY MODEST MASS INCREASES FOR REACTOR/
SHIELD AND HEAT REJECTION ASSEMBLIES.

THE FALLBACK, BASELINE, AND ADVANCED CONCEPTS USE SIGE (Z = 0.7 x 10°3),
S1GE-GAP (Z = 0.8 x 10°3), anD LAS (Z = 1.4 x 1073) THERMOELECTRIC MATERIALS,
RESPECTIVELY. DEPENDING ON THE CONCEPT, FOR POWER LEVELS uP To ~280 KWE,

THE REFERENCE DESIGNS USE CONICAL RADIATORS. FOR HIGHER POWER LEVELS, A MID-
CYLINDRICAL SECTION OF INCREASING LENGTH PROVIDES ADDITIONAL HEAT REJECTION
AREA .
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SP-100 PROJECTED AND SURFACE AREA VERSUS POWER LEVEL

ForR sysTEM GROWTH FROM 100 To 200 KWE, THE DESIGN AND BASIC TECHNOLOGIES ARE
NOT EXPECTED TO HAVE ANY SIGNIFICANT CHANGES. GROWTH BEYOND 200 KWE REFLECTS
CHANGES ASSOCIATED WITH SHUTTLE BAY STOWAGE OF THE MUCH LARGER HEAT REJECTION LOOPS
AND RADIATORS. T[HE REFERENCE DESIGN CONCEPTS DIFFER IN HOW THE ADDITIONAL HEAT
REJECTION RADIATOR PANEL AREAS ARE PROVIDED.

Up 1o THE 200-KWE POWER LEVEL, THE REFERENCE DESIGNS DO NOT NEED THE CYLINDRICAL
MID-SECTION. DEPLOYABLE RADIATOR PANELS CAN BE DESIGNED TO FOLD AGAINST THE
CONICAL FIXED RADIATOR PANELS.

ForR POWER LEVELS OF 300 KWE AND HIGHER, THE MID-CYLINDRICAL SECTION OF
INCREASING LENGTH PROVIDES AN ADDITIONAL HEAT REJECTION AREA.

THE PROJECTED AND SURFACE AREAS MAY BE OF INTEREST IN SOME MILITARY
APPLICATIONS. THERE IS AN APPROXIMATE SEVEN-FOLD INCREASE IN PROJECTED AND
SURFACE AREAS FOR A TEN-FOLD POWER LEVEL INCREASE. NOTE THAT HEAT IS REJECTED
FROM BOTH EXTERIOR AND INTERIOR RADIATOR SURFACES WITH A SIGNIFICANT
CONTRIBUTION FROM THE INTERIOR PORTION OF THE DEPLOYED RADIATOR. FOR HIGHER
POWERS, THE DEPLOYED PORTION FORMS A LARGE FRACTION OF THE RADIATOR. THERE
IS A RELATIVELY MORE SIGNIFICANT CONTRIBUTION OF THE INTERIOR SURFACE SO THAT

THE EXTERIOR SURFACE AREA INCREASES AT A SLOWER RATE FOR HIGHER POWER LEVELS-.

10



PROJECTED AND SURFACE AREAS, M2
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SYSTEM STOWED LENGTH VERSUS POWER LEVEL

FOrR SYSTEM GROWTH UP To 200 kWE, THE DESIGN AND BASIC TECHNOLOGIES ARE
NOT EXPECTED TO HAVE ANY SIGNIFICANT CHANGES FROM THE 100-kWE DESIGN-.
GrRowWTH FROM 200 1o 1000 KWE REQUIRES SIGNIFICANTLY LARGER HEAT TRANSPORT
AND HEAT REJECTION LOOPS, LONGER HEAT PIPE RADIATORS, SCALE-UP OF RADIATION

SHIELDS, AND SCALED-UP POWER CONVERSION MODULES.

Up To A 200-kWE POWER LEVEL, THE REFERENCE DESIGNS USE A CONICAL
RADIATOR DESIGN WITH DEPLOYABLE RADIATOR PANELS FOLDED AGAINST THE FIXED

CONICAL RADIATOR IN STOWED POSITION.

For PowER LEVELS oF 300 KWE AND HIGHER, A FIXED MID-CYLINDRICAL
SECTION OF INCREASING LENGTH IS NECESSARY TO PROVIDE AN ADDITIONAL HEAT

REJECTION AREA.

12
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CHANGE IN SYSTEM MASS VERSUS USER PLANE SIZE

THE REFERENCE DESIGN ASSUMES A USER PLANE DISK OF 15.5 M. As THE DIAMETER OF
THE USER PLANE IS INCREASED, THE SHIELD HALF-CONE ANGLE MUST INCREASE TO SHIELD A
LARGER USER AREA. [T IS EVIDENT THAT LARGE INCREASES IN USER AREA ARE ACHIEVABLE
WITH SOME MASS PENALTY. FOR EXAMPLE, TO INCREASE THE USER PLANE DISK TO A 30-M

DIAMETER, ONLY A 13% MASS PENALTY RESULTS.

As SHOWN BY THE DASHED LINE, SMALL REDUCTIONS OF THE SYSTEM MASS OCCUR IF
THE USER PLANE DIAMETER IS REDUCED BELOW THE REFERENCE DESIGN DIAMETER OofF 15.5 M.
[T 1s NOTED THAT THE SP-100 SPECIFICATION CALLED FOR A 4.5-M DISK DIAMETER. THE
15.5-M DISK DIAMETER RESULTED FROM THE CONICAL RADIATOR DESIGNED TO FIT IN
ONE-THIRD OF THE SHUTTLE BAY. THIS RADIATOR NECESSITATED A SHIELD HALF-CONE
ANGLE OF 17° CORRESPONDING TO THE 15.5-M USER PLANE DIAMETER. USE OF A SMALLER
HALF-CONE ANGLE WOULD RESULT IN RADIATION SCATTERING FROM THE RADIATOR INTO THE

USER PLANE.
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CHANGE IN SYSTEM MASS VERSUS USER PLANE SIZE

Lsep

SEPARATION DISTANCE

USER
PLANE <REFERENCE
DES1GN
(15.5 M)
I Po = 100kWg
$P-100 NEUTRON FLUENCE = 1013w/cm2],
|SPECIFICATION GAMMA DOSE = 5x105 RADS |
(4.5 m) D = USER PLANE DIAMETER AT 25 M Lsep
' 1 | . MRD=MASS OF REFERENCE DESIGN (Ke)
L 2
i 8 12//, 16 70 i 30
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|

USER PLANE DIAMETER, D(m)
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SYSTEM MASS VERSUS GAMMA DOSE REQUIREMENTS

To KEEP THE SHIELD MASS TO A MINIMUM, A CoNIicAL SHADOW SHIELD DESIGN

FOR ALL SP-100 coNcCEPTS.

THE GAMMA SHIELD MATERIAL (TUNGSTEN) IS MUCH DENSER THAN THE NEUTRON
MATERIAL (LITHIUM HYDRIDE) SO THAT THE VARIATION IN TOTAL MASS WITH GAMMA
QUITE PROMINENT. THERE IS APPROXIMATELY A 147 INCREASE IN TOTAL MASS FOR

of 10 GAMMA DOSE REDUCTION.

SOME ELECTRONIC DEVICES ARE EXTREMELY SENSITIVE TO GAMMA RAYS (E.G.,
COMMERCIAL MOS THAT MAY EXHIBIT SIGNIFICANT DEGRADATION FOR DOSES OF ONLY
104 rRADS). HENCE, THE REFERENCE DESIGNS LOCATE THE POWER CONDITIONING AT

USER PLANE TO MINIMIZE SPOT SHIELDING REQUIREMENTS.

TRADEOFFS OF BOOM SEPARATION DISTANCE, SELECTIVE SPOT SHIELDS, AND
DEGREE OF HARDENING OF ELECTRONICS CAN LEAD TO OPTIMIZED SYSTEM MASS

CONFIGURATION.
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SYSTEM MASS VERSUS GAMMA DOSE
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SP-100 REQUIREMENTS
I/DESH;N GAMMA DosE
‘ 5 x 105 Rabps

=

=)

=
1}

0'1 1'0 l()-ﬂ
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SYSTEM MASS VERSUS NEUTRON FLUENCE

To MINIMIZE SHIELD MASS, THE SP-100 SHIELD SYSTEM COVERS A SMALL SOLID
ANGLE (17° HALF ANGLE) TO ADEQUATELY SHADOW THE DOSE PLANE. SUCH A CONICAL

DESIGN FOR THE SP-100 CONFIGURATION PROVIDES AN INVERSE-SQUARE ATTENUATION.

ELECTRONIC EQUIPMENT IS MORE SENSITIVE TO NEUTRONS THAN TO GAMMA RAYS

BY A FEW ORDERS OF MAGNITUDE WHEN COMPARED ON AN EQUAL ENERGY BASIS.

THE NEUTRON SHIELD GENERALLY ATTENUATES THE NEUTRON FLUX FROM THE REACTOR

BY A FACTOR OF AT LEAsST 104.

-

THE SP-100 sYSTEM MASS IS NOT VERY SENSITIVE TO THE USER PLANE NEUTRON
FLUENCE AT A 25-M BOOM REACTOR-USER PLANE SEPARATION DISTANCE. THERE IS
ONLY A 3% INCREASE IN SYSTEM MASS, EVEN WHEN THE REQUIRED NEUTRON FLUENCE IS
REDUCED BY A FACTOR OF 10. THE SP-100 MAsSs 1S REDUCED BY APPROXIMATELY 27
IF THE USER PLANE NEUTRON FLUENCE CAN BE TOLERATED AT 10 TIMES THE DESIGN
FLUENCE oF 1013 NEUTRONS/CMZ FOR A 7-YEAR LIFE AT FULL POWER. LIH Is USED As
THE NEUTRON SHIELD MATERIAL BECAUSE OF ITS HIGH HYDROGEN DENSITY AND LOW

MASS DENSITY.
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SYSTEM MASS VERSUS REACTOR USER PLANE SEPARATION DISTANCE

A coNIcAL DESIGN FOR THE SP-100 SHIELD PROVIDES FOR AN INVERSE SQUARE
ATTENUATION OF REACTOR RADIATION. AS THE REACTOR-USER PLANE SEPARATION
DISTANCE IS INCREASED, THE MASS OF THE SHIELD DECREASES RAPIDLY FOR THE
SAME TOTAL USER PLANE NEUTRON EFFLUENCE AND GAMMA DOSE. HOWEVER, THE MASS
OF BOOM STRUCTURE AND POWER CABLES INCREASES WITH ADDED SEPARATION DISTANCE.
PRELIMINARY ANALYSIS, ASSUMING CONSTANT BOOM MASS PER UNIT LENGTH FOR ALL
LENGTHS BEYOND A 25-M SEPARATION DISTANCE, INDICATES THAT A 85- 710 90-M
SEPARATION DISTANCE RESULTS IN THE LOWEST TOTAL MASS. HOWEVER, MASS SAVINGS
BEYOND 50 7o 60 M ARE SMALL; THUS THE MOST DESIRABLE LENGTH WILL DEPEND ON
DETAILED TRADEOFFS AND WILL PROBABLY OCCUR IN THE FLAT PORTION OF THE CURVE

BEYOND THE KNEE-.

THE USER PLANE DIAMETER IS 15.5 M AT A SEPARATION DISTANCE OF 25 M. THE
SHIELD CONE HALF ANGLE IS FIXED AT 17°. THIS RESULTS IN A VARIATION OF USER-
PLANE DIAMETER AS DISTANCE INCREASES. IF THE SEPARATION DISTANCE WERE REDUCED
70 10 M, THE USER PLANE WOULD BE REDUCED TO A DIAMETER OF 6.3 M; IF THE SEPAR-
ATION DISTANCE WERE INCREASED TO 90 M, THE USER PLANE DIAMETER WouLD BE 55.2 M.
REQUIREMENTS OF THE USER REGARDING THE SIZE OF THE USER PLANE WILL BE AN

IMPORTANT CONSIDERATION IN SELECTING A DESIRABLE SEPARATION DISTANCE.

20
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SYSTEM MASS VERSUS OPERATING ALTITUDE

VARIOUS NATURAL AND MAN-MADE ENVIRONMENTS HAVE A SIGNIFICANT IMPACT ON THE
SP-100 sYSTEM MASS. THE THREATS POSED BY METEOROIDS AND THE ORBITAL DEBRIS
ENVIRONMENT CAN BE ASSESSED BY CURRENTLY AVAILABLE METEOROID MODELS-

ELECTRONIC CIRCUITS, BECAUSE OF THEIR NATURE, TEND TO BE MORE VULNERABLE TO
ENVIRONMENTAL EFFECTS THAN MOST SPACECRAFT COMPONENTS. THE MAJOR SOURCES OF
NATURAL ENVIRONMENTAL NUCLEAR RADIATION WILL BE THE EARTH’S VAN ALLEN BELT ELEC-
TRONS AND PROTONS, AND PROTONS AND ALPHA PARTICLES RESULTING FROM SPORADIC SOLAR
FLARE RADIATION. THE MOST SEVERE NATURAL NUCLEAR RADIATION ENVIRONMENT IS
ESTIMATED TO BE IN A 3000-kM ALTITUDE 0°, INCLINATION EARTH ORBIT-

MoST HARD ELECTRONICS CAN TOLERATE AND SURVIVE FROM ~10Y4 RADS TOTAL DOSE
of GammMa, ~1010 raDs/S Gamma pose RATE, AnND ~1012 NeuTroNS/cMZ2. THIS DEGREE
OF HARDNESS REQUIRES ONLY A RELATIVELY SMALL SHIELDING MASS TO WITHSTAND THE MOST
SEVERE NATURAL NUCLEAR RADIATION ENVIRONMENT.

THEREFORE, THE MASS VARIATION WITH ALTITUDE IS PREDOMINANTLY INFLUENCED BY
THE NEED TO PREVENT METEOROIDS AND ORBITAL DEBRIS THREATS. FOR THE ALTITUTE RANGE
of 500 to 1100 kM, THE PROJECTED FLUX OF DEBRIS OBJECTS EXCEEDS THAT OF THE NATUR-
ALLY OCCURRING METEOROIDS BY AN ORDER OF MAGNITUDE. THE NEUTRON SHIELD, HEAT
TRANSPORT LINES, AND RADIATOR PANELS ARE VULNERABLE TO METEOROID AND DEBRIS
PUNCTURES. PROTECTION AGAINST METEOROIDS AND DEBRIS RESULTS IN A MASS INCREASE-

OpERATING IN Low EARTH ORrRBITS (LEOS) LEADS TO A POTENTIAL MASS SAVING BECAUSE
CURRENT SP-100 DESIGN REQUIREMENTS ARE MORE STRINGENT THAN FOR A LEQO. THE mass
SAVINGS ARE ASSOCIATED WITH A REDUCTION IN REQUIREMENTS TO PROTECT AGAINST
METEOROIDS AND DEBRIS IN A LEO.
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ESTABLISHED METEOROID
MODELS
EXTRAPOLATED SPACE
DEBRIS OBJECTS
IMPACT VELOCITIES
10 TO 20 km/ s
AVERAGE MASS DENSITIES

- METEOROIDS 0.5 g/ cm>
- DEBRIS OBJECTS 2.7 g/cm?
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