Electro-propulsion system applications

As space missions grow more difficult, electrical propulsion shows pro-
gressively greater performance advantages over other propulsion systems

and in some cases provides the only means for accomplishing the mission
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NASA has assigned responsibility for the development and em-

ployment of unmanned spacecraft to explore the planets and
interplanetary space to JPL as part of its over-all mission. Through
a study and evaluation of industrial efforts and progress in the field
of electric propulsion, JPL has reached the conclusion that space-
craft with nuclear-electric propulsion can be used advantageously
to perform planetary and interplanetary missions during the
latter half of this decade. Preliminary design studies have indi-
cated the performance potential of such spacecraft for these mis-
sions and have pointed out some of the requirements placed on the
electric propulsion system by reason of its employment in the space-
craft.

Prototype Stage Is Approaching

Until now, the use of electrically propelled spacecraft has had to
await the development of sufficiently large boost vehicles and of
lightweight nuclear power supplies. Development efforts are such
that prototypes capable of meeting minimum requirements should
become available within the next few years.

The electric propulsion system, an integral part of the spacecraft,
is started after the spacecraft has been placed in earth orbit and
separated from the launch vehicle. The thrust of the electric pro-
pulsion system is then used to provide for escape from the earth
orbit and transit to the ultimate destination.

JPL studies have shown that the use of electric propulsion systems
in spacecraft provides more than just an improvement in mission
capability. In fact, certain highly desirable missions can be
achieved only through the use of the electrical propulsion system.
A second significant consideration is the fact that the power supply
can serve a dual purpose. Upon arrival at destination, the power
which was required for propulsion becomes totally available for ex-
perimentation, instrumentation, and communication.

The JPL Space Sciences Div. has examined the characteristics
and mission capabilities of electric propulsion spacecraft in order
to determine the most suitable svstem applications. Mars and Venus
orbital missions, Jupiter spacecraft, and an out-of-the-ecliptic probe
bave been studied. A solar probe to within 20 solar radii
(0.094 AU), though highly desirable from a space scienge view-
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point, must be deferred until spacecraft temperature
control and other problems associated with the sun’s

hostile environment can be resolved.

The slow spiral of electrically propelled spacecraft
into the selected Mars or Venus orbit can be useful
for several reasons. For example, quantitative map-
ping of gravitational, magnetic, and radiation fields
can be accomplished readily; temperature condi-
tions as well as the composition and structure of the
atmosphere may be carefully examined; and instru-
ment packages might be landed at strategic spots
(and times) to gain further knowledge of surface

conditions.

Jupiter is the closest of the solar system’s major
planets—those planets whose composition and struc-
ture differ radically from the composition and stru-
ture of Earth, Mars, Venus, and Mercury. Scientists
are particularly eager to investigate Jupiter, for in-
formation gained from such an investigation may
bear upon the origin and history of the solar sys-

tem

It would be most instructive to investigate some

of the satellites of Jupiter and compare them with

Chemical Spacecrafi Performance Estimates

Approximate gross paylead, Ib

Flight
Mission time, Boost Boost Boost
days ] ] m
Mercury probe 96 0 4,200 9,800
Venus -
Probe 12 1,600 12,700 16,900
Capture — —_ 1,950 _
Mars
Probe —_ 1,600 12,100 16,900
Capture 230 600 3,200 4,500
Jupiter
Probe 750 4] 1,100 6,000
Saturn g
Probe 1170 0 0 2,500
Out-of-ecliptic
15 deg —_ — 2,800 9,000
22 deg —_— _ —_ 2,500

Assumed Nuclear-Electric Powerplant Capabilities

our moon. We could then ascertain whether moons Output Total Specific
such as ours are common occurrences in the solar Power power, wi, wi,
system or result from some unique incident. kw b Ib/kw
Further, the atmosphere of Jupiter is thought to be A 60 3,000 50
much like earth’s at the time that life was forming B 300 3,000 10
here. A probe could determine whether life forms g ‘I,OOO 'g'ggg ""3
exist on Jupiter. Perhaps (CONTINUED ON PAGE 74) i .
Spacecraft Missions and Payloads Delivered
System Mercury Venus Mars Jupiter
Power-| Time, Probe, Orbit, Time, Probe, Orbit, Time, Probe, Orbit, Time, Probe, Orbit,
Booster plant | -days b Ib days Ib Ib days Ib Ik days Ib Ib
i Chem 0 112 1,600 230 1,600 750 (
A 0 240 5,000 300 4,200 750 6,100
365 4700 | 400 5,200
B 365 7,800 | 365 8,000 | 500 7,500
750 7,900
1A B 200 7,000 240 10500 230 9,200 | 500 11,600
400 12,000 200 9,000 12,500 | 800  12,500%
n Chem 96 4,200 112 12700 230 12,100 750 1,100
12 3,2000 230 1,900
B 400 23,000 240 24,000
c 260 34,0000 200 38,000 28,500 | 230 28,500 | 500 24,0004
200 23,500 | 365 37400 | 365 37,500 | 750 13,600
365 34,000 :
W Chem 96 9,800 112 16,900 230 4,500 | 750 6,000
® Planetary-capture spacecraft mission.
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