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To help determine system requiresents for a J00 kWe space nuclear reactor
power systes, a space-based radar sission and spacecraft have been exasined.
The power system uses a fast-spectrum reactor fueled with enriched uranius
nitride and cooled with liquid lithiues. A shadow shield and an extendable
boom protect the rest of the spacecraft from excessive nuclear radiation. The
lithium coolant is pumped to a heat exchanger where it heats thermoelectric
elements, Waste heat is removed by heat pipes and radiated to space.
Electrical power froa the thermoelectrics is conditioned and delivered to
other spacecraft systems. The reactor operates at constant power and
temperature; load changes are accomsodated by dumping unneeded power through
shunt resistors. The prime power 1is available at all times that the
spacecraft is operational., The mass of the power system 1s 8,300 kg.

The radar antenna is a horizontal planar array, 32 x 64 a. [ts mass, with
support structure, 1s 42,000 kg. The mass of the nuclear reactor power systea
15 8,300 kg; of the whole spacecraft about 51,000 kg, necessitating sultiple
launches and orbital asseably. The asseably orbit is at 57 deg, 400 ka, high
enough to provide the orbital lifetise needed for asseably. Six Shuttle
launches bring the variocus spacecraft assesblies and a cheaically propelled
upper stage to the asseably orbit. After asseably, the upper stage places
the spacecraft in operational orbit, at 61 deg, 1088 ke, Here 1t 1s deplovyed
on radioc command, the upper stage separates, the power systes is started. and
the spacecraft becoses operational. Electric propulsion 15 an alternative and
allows deployment in asseably orbit.

INTRCDUCTION

The SP-100 Project was established to develop and demsonstrate feasibility
of a space reactor power systes (SRPS) at power levels of 10's of kilowatts to
a megawatt. To help detersine systess requiresents for the SRPS, a sission
and spacecraft were exasmined which utilize this power systes for a space-based
radar to observe moving objects. Aspects of the aission and spacecratt
bearing on the power systes were the primary objectives of this study;
performance of the radar i1tself was not within the scope. The study was
carried out by the Systems Design Audit Team of the SP-100 Project. Details



are contained 1n Ref. 1. Application of SKRFS to another mission 15 described
1n Ref. 2.

MISSION AND SPACECRAFT REQUIREMENTS

Frior to the initiation of this study, 300 kWe (kilowatts electric) had
been selected as the design power level for development and ground test ot key
portions of an SRPS. 300 kWe was assumed as the prime ;ower level ¢or the
radar to saximize applicability of the study to the planned SF-100 etfort.
This level was not derived fros quantitative analysis of radar needs.
However, performance of the radar would be enhanced by ucing 300 kWe rather
than lower power. For instance, objects with lower radar cross-section could
be detected, and detection could be assured for shorter travel distance of the
targets. (After coapletion of this study, the power level for SRPS
development was changed to 100 kWe.)

The prime power is to be available at all tiases that the radar 1s 1n
operational status. Thus, the radar could be used during all portions of 1ts
orbit. This contrasts with a solar-powered orbital radar, for which eclipses
by the Earth generally liait availability of generated power to a portion of
each orbit. Batteries musc then be used to store the energy for the radar,
and the available power, averaged over the orbit, will be less than that ¢roa
the nuclear power system with the sase peak input power, For the saae peak
power from the primary source, sase radar power, and sase nuaber of
spacecraft, a larger portion of the Earth’'s surtace can be covered with
nuclear-powered radars than with solar-powered.

Important mission and spacecraft reguiresents were:

The orbit shall be at 61 deg inclination and approximately 1100 ka
altitude;

The radar antenna shall be a horizontal planar arrav, 32 x 64 ai

The antenna shall have an unobstructed downward view;

No portion of the spacecraft outside the radar antenna rectangle shall be
within | a of the plane of the nadir face of the antenna;

Preferably, no spacecraft eleaents shall extend beyond the antenna
rectangle;

The pointing accuracy shall be plus or ainus 0.2 deg.

The spacecraft angle about the nadir axis shall vary +/- 3.5 deg/orbit,
synchronized with the latitude:

The operating life shall be 3 years:

The neutron fluence fros the power system to the antenna and the rest of
the spacecrast shall not exceed 103 neutrons/ca?, integrated over the
operating litfes

The gamma radiation fluence from the power systea to the antenna shall
not exceed 10® rad, integrated over the operating lifey

The thermal flux from the power system to the rest of the spacecraft
shall not exceed 1.4 kW/a?)

The lowest frequency of free vibration of the spacecraft shall be no less
than 0,01 Hz.

The 32 x 44 m antenna size was not derived from detailed examination of
radar perforsance needs, but rather by scaling froam an earlier study. The
large antenna would reduce clutter and permit detection and tracking of
objects with low radar cross-section.



SFACECRAFT 3¢STEMS

Among the aajor spacecratt systeas are the radar., SRFS, attitude control.
command, data handling., and cosaunications.

The radar antenna 1s divided 1nto 4 quadrants, each 16 x %2 m. FEach
quadrant includes transmit/receive (T/R) modules distributed over the upper
side of the antenna. The quadrant 1s stiftened and held flat by trusses above
the T/R modules. Additional structural meabers interconnect the quadrants 1n
the operational configuration and connect them to the central bedy of the
spacecratt. In operation, the long (64-8) axis of the antenna is parallel to
the orbital velocity vector,

The radar system i1ncorporates paower processing specific to the radar.
Capacitance 1s i1ncluded which permits the peak transmitted power to exceed the
300 kW average power provided by the SRPS.

Small (less than | & diameter) directional antennas are provided for
communications. Cossunications may be relayed through a suitable satellite.
Navigation is via the Global Positioning System. The attitude control systea
15 described below.

SFACE REACTOR POWER SYSTEM CONCEPT

Concepts of the SRPS, as of the time of this study, are described in
ket. 3. Briefly, the SRPS uses as its energy source a fast-spectrum reactor
tueled with enriched uraniue nitride and cooled with li1quid lithiua. A shield
shadows the rest of the spacecraft from nuclear radiation and an extendable
boom keeps the rest of the spacecraft away from the reactor. The lithium
coolant 1s moved by electromagnetic pumps to a heat exchanger where 1t heats
one end of a set of thermoelectric elements made of silicon-germaniua, doped
with gallium phosphide. #Waste heat froms the colder end of the therscelectric
elements 1s removed by heat pipes and radiated to space. Electrical power
trom the thermoelectric elesents is conditioned and delivered to the rest of
the spacecraft as requlated constant voltage dc. A secondary bus provides
power for eaergency or special loads and for use prior to start-up of the main
power systea.

The reactor operates at constant power and temperature; load changes are
accommodated by dumping unneeded power through shunt resistors. This provides
load following on a fairly rapid time scale (zero to full load in 10-100 as).
Faster load transients are handled by the capacitors in the radar systenm.,

A candidate concept of a 300-kWe SRPS is shown in F° 1. The length of
this SRPS 15 25 & and its overall diameter 20 a. The various elements lie
essentially in a plane. The reactor is surrounded by the cylindrical shadow
shield. Extending radially fros the shield are the radiator panels. The
primary heat transport system takes the heat fros the reactor and conveys 1t
to thermoelectric power conversion modules situated along the radiator panels.
The electricity produced is carried by cables along the boom to a control and
power conditioning module. Here it 1s requlated and unneeded power 1s dumped.
This module also provides the interface to the rest of the spacecraft:
coamands to the power system and telemetry from the system are transmitted via
this intertace.

When folded for launch, the SRPS fi1ts in the Shuttle orbiter pavload bay or
in the fairing of the Titan 4. The candidate version occupys about 9 a of bay
length (Fi1q. 2). The boom 1s deployed aftter the system is placed in orbit,.
The main radiator 15 deploved as part of the start-up sequence, after the
lithiua coolant, solid during launch, has been selted.
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Other SRFS configurations have been under consideration (Ret. 3). They
differ primarily 1n the geomsetry of the radiators and of assoclated primary
heat transport and power conversion equipeent, and 1n the gecometry of the
shield. The SP-100 design continues to evolve and differs from that described
here.

Tne boom length and shield can be chosen to control the radiation dose
delivered to the rest of the spacecraft by the reactor. The SRPS is designed
to limit this dose to 10® rad of gamma radiation (at the antenna) and
10%3 neutrons/cm?, integrated over the S-year life of the spacecraft,

The SRPS main radiators operate at 850-900 X. The thermal radiatian
delivered to the rest of the spacecraft is not to exceed ! sun (1.4 kW/m?),

The SRPS 1s designed to aperate with sinimal attention from the ground or
the rest of the spacecraft. The start-up sequence, from i1nitiation to full
power, takes less than 24 hours. Once up to full power. the SRPS will operate
without commands for at least & amonths:; a command then 1s needed only to
inform the SKPS that continued cperation 1s desired. [f comsunications are
lost for more than a preset interval, the control system will shut down the
reactor. Two independent shutdown means are provided.

The SKRPS will withstand the natural environment around the Earth for
10 years and still deliver rated power. This 1includes withstanding ioni1zing
particles in the Van Allen belts, meteoroids., and debri1s at all altitudes.
Survivability against hostile threats has also been considered.

SPACECRAFT CONFIGURATION

Operational Canfiguratign

Two principal operational configurations for the radar spacecraft were
evaluated. Both have as major elesents the SRPS: the aission amodule.
containing the cosaunications, cosmand, and attitude control electronics: the
radar central power conditioning; the signal processing module; and the radar
antenna, with 1ts supporting and connecting structure. 1In one configuration
(F1g. 3a) the SRPS boos axis is vertical; in the other (Fig. 3b) 1t is
horizontal.

The horizontal boos configquration has advantages in regard to exposure of
the radar antenna and the electronics aodules to radiation froa the SRPS.
Since the radar antenna is alsost edge-on to the reactor, it provides some
self-shielding and also partially shields the aission module and and signal
processing module froe reactor radiation. The antenna and the main SRPS
radiator are almost edge-on to each other, so heat transfer froas radiator to
antenna is ainmalzed.

The horizontal boos configuration has., however, ditficulties with
edge-reflection of the radar beam. Much of the spacecraft is outside the
radar antenna rectangle. Moreover, to keep these portions of the spacecratt
at least | meter above the lower face of the antenna, they must be offset from
the antenna plane. This means that the c.g. of the antenna, which 1s the aost
massive subsystea, will not lie along the boom axis. The resulting mass
assymetry is undesireable fros the standpoint of spacecraft dynamics and
attitude control.

The edge-reflection and mass assyeetry probless were considered iaportant
and led to selection of the vertical boos configuration, Fig. 4, for this
study.




Fropulsion Contigquration .

Either cheatcal or electric propulsion may be used tc bring the spacecratt
from 1ts Shuttle tor Titan 4) launch vehicle to operational orbit. Chemical
propulsion would be used with the spicecraft assesbled but not deployed. It
1s best located along the spacecraft axis, at the end opposite the reactor
(F1g. Sa). This places the thrust vectar through the center nf mass, keeps
propulsion exhaust away from the spacecraft, and requires no additional
shielding from nuclear radiation.

Electric propulsion would be used with the spacecraft deploved. Various
locations of the electric propulsion system were considered (Ref. 1). The
selected .ocatian uses a single propulsion module at center of radar antenna,
on the front face (Fig. Sb). Thrust exhausts away from the antenna front
face. No spacecraft elements are within 90 deg of the exhaust direction. so
contamination by the exhaust is minimized. 7To avoid degradation of the
antenna pattern, the propulsion module 1s jettisoned prior to radar operation.

Stowed Configuration

The spacecraft is to be launched either by the Space Transportation System
{STS) or the Titan 4, and amust fi1t within the cargo mass lisits of these
vehicles for the inclination and altitude of the orbit to which 1t will be
launched. The antenna alone, with 1ts associated structure and structural
interconnections, has a mass of about 42,000 kg; sultiple launches and
asseably in orbit are needed.

For transport by the Shuttle or Titan 4, the spacecraft, excluding
propulsion, is divided 1nto 5 packages. The 32 x 64 a antenna 1s designed as
an assembly of four 16 x 32 @ quadrants, placed edge-to-edge. Each quadrant
folds 1nto a package 1.8 x 2 x 16 a for stowage. The quadrant, with its
support and interconnect structure, is placed in the Shuttle bay or Titan 4
fairing for launch. Each quadrant self-deploys in orbit, on coamand. Fig. &
shows a folded quadrant stowed in the Shuttle.

The f#1féth launch package includes the resaining elements of the radar
spacecraft, less propulsion: the SRPS, radar central power conditioning, the
mission module (communications, commsand, attitude control electronics, etc.).
and signal processing. These elements stow within one Shuttie bay (F1g. 6) or
one Titan 4 fairing and require one additional launch.

Because of the Shuttle/Titan 4 cargo mass limitations the propulsion system
cannot be launched with the rest of the spacecraft but sust be asseabled with
1t 1n arbit.

ves a mass breakdown for the spacecraft. The Space Reactor Power
System contributes 8,300 kg. The radar svstem and associated structure
contributes 42,800 kg and resaining 1temss 250 kg, for a total, without
propulsion, of 51,300 kg. This is a very large and massive spacecraft!

The SRPS msass is larger than that aentioned in Reference ] because a large,
heavy, shield is needed to protect the very large antenna from reactor
radiation. Also, more recent work suggests that it may not be possible to
keep the SRPS mass down to the 8,300 kg amentioned.

OREIT, LAUNCH VEHICLE, AND PROPULSION

Qperational 0Orbit

The required operational orbit was specified as “approximately 1100 ka"
altitude circular at 61 deg inclination. Earlier analysis showed that

-
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significant excursions 1n altitude will occur, due to harmonics i1n the Earth ¢
gravitational field. and that an orbit at mean altitude 1088 km and
eccentricity about 0.001 reduces the excursions without the need for orbit
circularization maneuvers. This orbit was selected.

At the beginning of this study, only launch by the Space Transportation
System (STS) was caonsidered; in almost all of the study STS launch was
assumed. Atftter the Challenger accident 1t becamse apparent that launch by an
expendible launch vehicle should be considered as an alternative. The Titan 4
was chosen because of 1ts close aatch to STS capabilities. The @ission
protiles prepared for the Shuttle launch need little modification for use with
the Titan 4. Launch vehicle integration and arrangements for orbital asseably
will be significantly different, hawever.

Assumed cargo mass capabilities were based on informsation about the STS
available prior to the Challenger accident, using 104% of noainal Orbiter main
2ngine thrust. These capabilities may be significantly reduced because of
changes to increase ST5 safety; this development was not considered. Also,
the effect of differences between 7i1tan 4 and STS capabilities has not been
examined,

Struct.ral support of the SRPS 1n the Shuttle bay is described 1in
Reference 3. Standard Shuttle Orbiter provisions for cargo power, teleaetry,
and temperature control should be adequate. If an electric propulsion module
1s flown, the propellant (ammonia or xenon) will have to be vented or
refrigerated while 1n the Shuttle.

Two propulsion methods were considered for transfer of the spacecraft from
the launch vehicle orbit to operational orbit: chesical and electrical
propulsion. For chemical propulsion, an upper stage using hydrogen-oxvgen
propellant, with an les of 444 lbf-s/1bm (4360 N-s/kg), was assumed. The
propellant mass required, derived below, turned out to be 9600 kg or sore.
corresponding to a Centaur 6 class stage. The NASA decision not to fly
Centaur from the Shuttle came when this study was essentially cosplete, and 1s
not reflected in this paper. Ffor electrical propulsion, the alternatives
considered were ammonia arcjets, with [.e 0f 1000 l1bf-s/lbm (9810 N-s/kg), and
xenon 1on thrusters, with l., of 3000 to 4700 lbf-s/lbm (29,400 to
46,100 N-s/kg).

The maxisum orbital inclination for launcn azisuths allowable from Kennedy
1s 37 deg; the miniaum from Vandenberg 1s 70 deg. Neither reaches the 61 deg
selected for the space-based radar, but the Kennedy launch to 57 deq 1s claser
and would perait higher cargo sass. Launch froa Kennedy was therefore
selected. Two inclinations for the launch vehicle orbit were exasined:

37 deg, which sinimizes the orbital plane change required, and 28.5 deqg, which
maximizes the mass that can be brought to launch vehicle orbit,

Because performance of the chemical upper stage or electric propulsion 1s
better than that of the STS or Titan 4, the launch vehicle should not be flown
higher than necessaryjy its carqQo capability falls rapidly with increasing
altitude. However, the assembly orbit amust have an altitude of at least
400 km because of orbital decay, as discussed below. It was assuaed that the
launch vehicle must bring the spacecratt elements, and the additional
propulsion needed, to the assembly orbit.

Q N
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Three assembly orbits were consider:d:
al 420-450 km altitude, 28.5 deg inclination, circular
b) 420-450 ke altitude, 57 deg inclination, circular
c) 300 ke altitude, 28.5 deg inclination, circular (Space Station)

Fropulsion Trajectory and Propellant Mass
For each asseably orbit, three propulsion modes were considered.
9] Chemical, to the operational orbit
2) Electrical, to the operational orbit
3) Chemical to an intermediate circular orbit at 925 km and the 1nitial
inclination, then electrical to the operational orbit,

Results are summarized in Table 2. Note that an initial orbit at 28.5 degq
inclination requires excessive propulsion mass 1f chemical propulsion is used:
93,000 kg, or at least S Shuttle launches far the propulsion alone. 1I¢
electric or 2-stage (chemical/electric) propulsion 15 used, the time for
transit to the operational orbit is excessie: 1 to 2 vears. An 1nitial aorbit
at 37 deg inclination is, therefore, strongly preferred. If an initial orbit
at 28.35 deg i1nclination 500 ke altitude is nevertheless required to permit
assembly at Space Station, ion propulsion appears mandatory to obtain a
reasonable propulsion system mass and reasonable nusber of Shuttle launches to
bring up the propulsion system.

For a 57 deg assembly orbit, chemical propulsion is much faster than
electric (0.5 day vs. 25 to 72 days). The chemical propulsion system is
heavier than the electrical but either can be brought up with a single Shuttle
launch. Two-stage propulsion (chemical followed by electric) appears to have
no advantage over the siapler one-stage chemical propulsion. The electric
propulsion system using ammonia arcjets is about 6,000 kg heavier than thaose
using xenon ion thrusters; transit time is 25 days with the arcjets vs. S53-5¢
days with 10n thrusters, Starting from 420 km rather than 450 km altitude has
negligible effect on the transit tise and propulsion system mass; the same is
expected to be true for 409 ka.

MISSION PROFILES

Yarious methods of placing the spacecraft in its operational orbit were
considered. FPreferred 15 a series of six Shuttle launches from Cape Kennedy,
which place, 1n an assembly orbit at 57 deg inclination, about 400 ka
altitude, four quadrants of the radar antenna, the remainder of the
spacecraft, and a Centaur 6 class upper stage. The elements brought up 1in
each Shuttle flight are left (parked) in the asseably orbit. Each successive
tlight recovers the parked package and, using the Shuttle Remote Manipulator
System (RMS) and Extra-Vehicular Activity (EVA), assembles it to the eleament
Just brought up and releases it to await the next flight. After the last
Shuttle flight the upper stage brings the spacecraft to operational orbit
where its boom, main radiator, and radar antenna are deplovyed.

An alternative emission profile uses an electric propulsion module 1n place
of the chemical upper stage. This module has aseonia propellant and arcjet
thrusters. The booa and antenna are deployed 1n the asseably orbit,
permitting considerable checkout before the Shuttle leaves. The power systenm
1s then started and provides power for propulsion to the operational orbit.
Policy on starting the reactor at altitudes as low as 400-500 km has not vyet
been established.




I Titan 4 s are used for launch 1n place of Shuttles, one or more Shuttle
flights could be added for asseably of the elements parked 1n aorbit by the
Titans.

After the radar mission has been completed. the reactor 1s turned otf by
ground command, backed up by an on-board clock.

STORAGE IN ASSEMBLY ORBIT

Temperature Control

The multiple Shuttle launches will take many sonths, During this time the
spacecraft elements will be parked 1in orbit., Calculation was perforeed to
determine if their teaperature could be held within acceptable limits, using
only passive teaperature control and no attitude control, and considering the
possible variations in attitude and in sun/shade cycle. It was assumed that
the element spins with a period short compared to the orbital period, as a
result of tip-off torques. Results show that, using sultilayer insulation
having an external layer with a proper absorptance/emsittance ratio, the
temperature can be held within lisits of -25 to +25 C. This should be
satisfactory for storage of electronics and other coaponents.

The chemical upper stage or electric propulsion sodule is brought up on the
last Shuttle, so need not be stored in orbit.

Orbital Decay

It is desireable to use a relatively low orbit for asseably because the
mass capabilities of the STS and Titan 4 fall of# rapidly with altitude.
However. the spacecraft elements aust resain in orbit long enough to cosplete
the assembly. One year was chosen as a conservative estimate for the whole
process. The orbital lifetiame of -each package should therefore be at least
one vear. This might perhaps be relaxad to six months for the elements
brought up in the last few launches.

Table 3 shows the orbital lifetime calculated for various spacecraft
assemblies and attitudes. Aerodynamic drag prevides the predominant external
torque at asseably altitudes. The spacecraft assesmblies are roughly
rod-shaped or cylindrical and will tend to orient with their long axes
parallel to the orbital velocity vector, though oscillating around this
direction. The drag area was taken, conservatively, as the average, weighted
2:1, of the area at & deg angle of attack and at 90 deg. The complete
spacecraft asseambly, undeployed and without propulsion, has the shortest life:
| year starting at 400 ka, 2 years starting at 440 ka, 5 years starting at
S00 km. An initial altitude of about 400 ka appears adequate. Some loss in
altitude will occur during orbital stays between Shuttle flights, but it
should be possible to accommodate this by bringing the packages slightly
higher than nominal asseably altitude and allowing for the loss.

DYNAMICS AND ATTITUDE CONTROL

Attitude is sensed by an inertial gyro umt. It is controlled by control
moment gyros, which are unloaded by interaction of sagnetic torquers or
current looos with the Earth's msagnetic field. (Large amounts of power would
be available for magnetic torquing and large current loops could be provided.)
Sun and star or sun and horizon sensors are provided for calibration of the
itnertial gyro units and a magnetometer is carried to measure the local
magnetic field when unloading is needed. The vertical orientation with the
antenna downward is unstable with respect to the gravity gradient, but the



control moment aqyros grovide adequate *orque (6,500 N-m) to saintain or
restore the desired attitude. 1If the SRPS boom is lengthened to provide 40 @
separation between the reactor and mission module, 1nstead of the 25 m shown
1n Fig. 4, the desired orientation wil! be stable. Trade-offs associated with
this change have not been examined.

The spacecraft requirements limit the lowest natural structural frequency
to 0.01 Hz. The lowest frequency associated with the SRFS alone 15 of the
order of 1 Hz (Ref. 3). The effect of structural frequencies as low as
0.01 Hz upon the attitude control has been examined only 1n a cursory way.
Many minutes will be required for a | radian rotation of the spacecraft. The
missiaon and spacecraft requirements do not call for rapid turns,

NUCLEAR AND THERMAL RADIATION

Nuclea

The SRPS specification written before this study allowed 5 x 10® rad of
qamma radiation fros the pow2r system to reach the user plane in 7 years of
reactor operation at full power. The user plane was defined as a circle 4.3 a
in diameter, centered on the boom ax1s, at the ‘nterface between the SRPS and
the mission module. The requiresents for the radar spacecraft, however,
limited the dosage to only 1 x 10® rad in 5 vears over the entire antenna.
This meant that the shield described in Ref. 3 had to be thickened and

extended radially, adding  gnificant mass.

Selected SRPS functional requirements liait the thersal radiation delivered
to the rest of the spacecraft by the SRPS to ! sun (1.4 kw/a2)., Analysis
(Ref. 1) showed that the asount delivered depends strongly on the
configuration of the SRPS main radiator. The configurations recommended in
Reference 3 comply with the specification, when integrated with the rest of
the spacecraft as shown in Fig. 4.

The radar antenna is not at the user plane; it is 7 a further from the
radiators. This reduces the thermal radiation from the radiators to the back
of the antenna to about 0.6 sun. However, radiation from the SRPS radiators
1s only part of the thermal radiation received by the radar antenna. Sunlight
can contribute another “sun®, and radiation fros the Earth can deliver 0.3 sun
to the face of the antenna. Whether the additional heat generated by the
Transait/Receive modules and other elements on the antenna can be radiated to
space and the elements kept adequatelvy cool will be an 1sportant question for
the radar designer. If not, the limit on radiant heat delivered by the SRPS
mavy have to be tightened.

ISSUES AND IMPLICATIONS

Soae of the findings concerning the nuclear power system are:

1) Extended orbital storage of the power systes will be needed for
missions involving aultiple launches and orbital asseably. [t appears that
this will be possible without attitude control, using only passive teaperature
control.

2) The thickness and area of the shield will have to be tailored to the
spacecraft on which the power systes 15 uv--+ and the duration of the mission,

3) The currently specified limit on tnermal radiation from the power
system to the rest of the spacecraft say be difficult to meet with sone

y



radiator confiqurations, and may be impo! tant in selection and cesign of the
radiators. Also, the current limt may be tco high for some spacecraft,
Some findings relevant to the space-based radar mi1ssion are:

1) Because of the large mass and size of the radar antenna, aultiple
Shuttle or Titan 4 lzunches are needed to put the spacecraftt i1nto orbit.

2) Extensive orbital assembly wili be required. Shuttle-based
techniques for such assembly will have to be defined and developed.

3) hssemrl, at Space Station appears uncesireabl? because of the larage
difference in i1nclination between the Space Station orbit and the spacecraft
operational orbit, requiring a very large orbital velocity increaent for
transfer between these orbits.

4) Extended orbital storage will be needed during orbital asseably.
Temperature control solutions are needed for each of the spacecraft elements
parked 1n orbit during the assembly sequence.

S) Because of the low structural frequencies expected, rapid changes 1n
spacecratt attitude will probably not be possitle.

6) It is not clear whether electronic components on the radar antenna
can be kept within permissible temperature limits when the antenna is
receiving the currently allaowable 1 sun fros the power systea, plus thermsal
radiation from the sun and Earth.

7) Launch of the radar antenna selected fo0. this study will be very
costly and will require a major coamitment of launch resources. There is much
incentive to reduce the antenna sass and to find mission profiles with fewer
launches.

CONCLUSIONS

Examination of nuclear reactor power far a 300 kW space-based radar
indicates that such a sission should be feasible, using the technology
currently being developed by the SP-100 space nuclear reactor powar project.
The radar would be capable of quickly detecting targets with low radar
cross-sections. Continuous power generation by the reactor source would
obviate the need for energy storage and allow continuous operation of the
radar for coveraqe of aultiple areas of interest.

The radar system studied uses a very large and heavy antenna and. with
present launch vehicles, would require aultiple launches and orbital assembly.
Development of the large space-based radar and availability of launch
resources may be pacing items. Since the SP-100 progras covers technology for
space reactor power systeas ranging from 10 kW or less up to 1000 kk, the
power systea could be selected to match developaents in space radar power
levels and launch vehicle resources.

A number of techn.cal issues concerning both the the nuclear power systea
and the radar sission have bzen identified and are discussed in the text.
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Table 1 Spacecraft Mass Breakdown (in kg)

SPACE REACTOR FOWER SYSTEM

Reactor 1650
Shield 1580
deat transport 1450
Power conversion 7795
Heat rejection 1440
System control, power conditioning, and
distribution 950
Structiure 420
SRPS total 82695
MISSION MODULE
Coamunications, coesand, attitude control 250
Mission module total 50
RADAR
Radar central power conditioning 230
Signal processing 272
Antenna
4 antenna quadrants
(8818 kg each) 35272
Antenna structure £300
Structural interconnects 700
Antenna total 42272
Radar total 42794
SPACECRAFT TOTAL= 51309

(without propulsion systenm)

ELECTRICAL PROPULSION SYSTEM (1f used)

Electric propulsion unit 4057
Fropellant (NHy) 5820
Tank 1861
Electric propulsion total 1173

SPACECRAFT TOTAL= 43047

(with electric propulsion svstem)
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Table

Altitude of Circular Orbit for l-year Orbital Lifetime

1 antenna quad with structure

Note:

Projected Required Altitude
Area, Altitude after
for 1 year 0.5 year,
life,
m2 ka km
19 410 370
< antenna quads with structure 2 390 350
fhssembled spz-ecraft, not deployed 84 400 360
Area projected norsal tc velocity vector.
74
— 1
__." o 20m
- :-rf"<240 "‘ -2

SHIELD

PuMPS

POWER CONDITIONING

& CONTROL ELECTRONICS - -
-
SHUNT RADIATOR -\\3 \T>1

& RADIATOR

I 13 e § K4

. ; \

8.9 m —a - MINGE LINES
TYPE B PLS

REACTOR
MAIN RADIATOR
19
. m PRIMARY HEAT TRANSPORT

THERMOELECTRC
MODULES
\\
BOOM CANISTEA
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1
i 1em
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N ‘{\\a
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1. Candidate 300-kwe Space Reactor Power
System., Operational configquration.

\ >




*fejuoztioy SIxe wooyg (Q)
cpedt3Jas Sixe woog (¥)
‘syotjeanbrjuod

{euotjesado }4eidadleds ajepipue]

Y

cyJune| 404 PaM0O3S  TWAFIS
13M04 J403Jeay 3IedS 3MY-00QC 3IEPIPUE] -7

- weE Bl

l————— WAR ————gd

1NIISNT Qv wd 11 1 NMS




SARS R ACTOR L SBPT MAN RRL.LITE

I
I
i
|
- : .,* ’ )
g ToT
i ~ f
i I S TERS T 1o I
l : t |
. |
o R SR S
i
|
.
SRBE BOWED CONDI™IONING & COM 77
|
|
MSTITH, MIDCE @ADAR CENTAA,
DATA e ANTENNL . i . POYIEE COND TIONAC §Zha.
PROZESSIT
fRaDAR
STRLCTIBAL & ELFITRCAL 0
ConnET e AL LM
/7
//
/ v
-
b 1

4. Selected spacecraft operational contiguration.

t — o

‘ 4
’;Alixl:

—

STOWED RADAR ANTEN A

7

N
',_&‘\-_. PROPELLA%T Tans

d
STOWED SRPS,
MISSION MODULE
SIGNAL PROCESSING
& RADAR CONTAOL
POWER CONDITIONING

~
NS
/ TN BECTRC THRUSTERS

/
= PROPULSION PLUME NG 8
POWER COND YIDN NG

>

5. Spacecratt confiquration during propulsion from assembly orbit to
operational orbat.

ta) With chemical propulsion.
(b) With electrical propulsion.

/5




~-—

-l T

6.

bay.,
(a)
(b)

L
3 ——
MES N Tt
€ c PR IICEDR
$20¢ he, L0T CENTRL, RATAR
RaD 4T 3e POnlR IIND T
[N
AR AL
vt
g T .
T, [
L i i
} '

e

Stowed configuration 1n Shuttle cargo

Radar antenna quadrant.
Mission module, signal processing

module, and space reactor power system.



