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ABSTRACT

Starting in the mid-1960s, the opportunities to do gravity-assist (Grand Tour)
exploration missions to the outer planets were studied. Although several ambitious
options involving flybys of all the outer planets were proposed, only four missions
were authorized in the ensuing decade. First, the Pioneer Project was undertaken
to launch two identical, spin-stabilized spacecraft (Fioneers 10 and 11) to explore
the asteroid belt region and the enviromment around Jupiter. Next, the Mariner-
Jupiter/Saturn 1977 Project (now known as Voyager) was undertaken to launch two
Mariner-class, attitude-stabilized spacecraft to fly by Jupiter and, by utilizing
the gravity assist of Jupiter, to be redirected on a flyby of Saturn.

The successful Pioneer 10 and 11 missions provided important information on the
effects of the asteroid belt and the severe radiation environment around Jupiter.
Furthermore, Pioneer 11 was targeted to go by Jupiter so that it could proceed on
to Saturn.

Voyagers 1 and 2 were launched in 1977, with the originally planned trajectory for
Voyager 2 being modified so as to permit an option for it to proceed on to Uranus
utilizing a Saturn gravity assist. On 5 March 1979, Voyager 1 successfully
encountered Jupiter and collected surprising information about Jupiter, its mag-
netic fields and radiation zones, and its satellites. On 9 July 1979, Voyager 2
will encounter Jupiter and on 1 September 1979, Pioneer 1l will encounter Saturn.
Both Vovager spacecraft will proceed on trajectories past Saturn and will eventually
escape the solar system.

Project Galileo, which in January 1982 will launch a combined entry probe and an
orbiter to Jupiter, has since been authorized and is in the development stage. It
will capitalize on the experience and findings of the Pioneer and Voyager missions
to accomplish an in-depth study of the Jovian atmosphere and the Galilean satellkite
system using gravity-assist techniques once in orbit.

*This paper presents the results of one phase of research carried out at the
Jet Propulsion Laboratory, California Institute of Technology, under Contract
No. KAS7-100, sponsored by the National Aeronautics and Space Administration.
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solar system.

INTRODUCTION

This paper describes the initial plans developed for spacecraft exploration of the
outer planets of the solar svstem, missions currently under development or in
flight to explore Jupiter, Saturn, and their satellites, and plans for further
exploration of the outer planets.

EARLY PLANETAR LORATION

Plans for the U.S. plane exploration program were initiated in early 1959
shortly after the establi cnt of the National Aeronautics
tion. The program plan envisioned that the initial exploration phase would be
limited to Earth's closest planetarv neighbors, Venus, first, and Mars, secon
This approach was dictated both by launch vehicle limitations (it took less capa-
bility to launch to these two planets) and by spacecraft design considerations--
the spacecraft designs were relatively less demanding for such missions.

]
and Space Administra-

In going to Venus and Mars, the variation in the distance from the sun, although
significant, was minimal, which permitted the use of solar cells for power genera-
tion and limited the temperature control difficulties. The communication distances,
although vast by terrestrial measures, were also minimized. The concepts of a

fully attitude-controlled and stabilized spacecraft could be introduced and demon-
strated, a major development in its own right, without encountering major addi-
tional challenges. The use of attitude control and stabilization permitted

(1) accurate pointing of solar panels to permit efficient solar energy collection,
(2) accurate pointing of a high-gain antenna to facilitate communications with
Earth, (3) accurate trajectory correction maneuvers for navigation purposes, and

(4) accurate and stable pointing of science instruments to observe areas of parti-
cular interest and to provide the necessary exposure or integration time without
introducing smear. The name '"Mariner" was given to the class of attitude-controlled
spacecraft utilized in the initial planetary exploration phase.

The initial planetary exploration plan also envisioned the later exploration of the
remaining terrestrial planet, Mercury, and the outer planets, beginning with Jupiter
and Saturn. The challenges inherent in these missions, in both the launch vehicle
requirements and the very significant added spacecraft requirements, were recog-
nized and, although they were reasons for delaying these missions to a later phase,
they were believed to be eventually handleable with anticipated technologv advances
and with a prudent rate of introducing these advances.

The initial phase of exploration of the terrestrial planets, Venus, Mars, and

Mercury, using Mariner and Viking spacecraft is now history. The engineering and
operations concepts appl 1eﬂ have been proven to be effective, the scientific data
return has been phenomen 1
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almost unbelievable increases in spacecraft capability and versatility (primarily
through their reduction in velume, weight, and power requirements, along with an
increase in reliability), have resulted in major increases in spacecrafit complexity
te the point where the understanding and management of the full implications of
this complexity has proven, in itself, to be a major challenge and a limit on the
effective rate of progress.

PLANS FOR EXPLORATION OF THE OUTER PLANETS

1n the mid-1960s, as progress in the initizl phase of planetary exploration was
made, the emphasis on developing the specifics of the next phase involving the
outer mlanets heightened. wong other technigues that this interest caused to be
» v-assist technique emerged. 1f a spacecraft
. T the right wav, its velocity and direction
by the gravitaticnal attraction of that planet in such a way as
accelerated towards a more distant planet which otherwise would
1 ¢h with ewxisting launch vehicle capa-
bility. (See of this concept that, in fact,
enabled the pe A Mariner spacecraft was
unched on & vbv trajec v towards Venus where it not only obtained data on
: Venus to accelerate it towards Mercury.
to have gone to Mercury., A variation
permit the spacecraft to flv by Mercury,

recognized, the c t of

were Ctaused
could be alte
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be much more
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technique was

just once but three

Shertly after the merits oif the gravity-assist technique were recognized, it was
iced that during the late 1970s several of the outer planets would be in just
right relative positions e
to successively fly by up to four of the outer planets. These same fortunate con-
ditions would not reoccur for about 180 vears. The trajectories for these flights
came to be called Grand Tour trajectcries, and the opportunity (which occurred in
varying forms once each vear between 1976 and 1979) became known as the Grand Tour
opportunities.

Twe of the major challenges inherent in the unmanned exploration of the outer
planets are (1) the vast communication distances involved (0.6 to 4.5 billion
kilometers), and (2) the need to carry a self-contained power source on board

since the distance from the sun precludes using solar cells as were employed on the
spacecraft exploring the terrestrial planets.

Another major challenge, which to some degree is controllable, is the long flight

time, measured in terms of years, involved in going from Earth to the outer planets.

A

greater launch vehicle capability can be used to shorten the flight time on a
irect-ascent trajectorv. The use of the gravity-assist technique however con-
iderably shortens the time it takes to reach the outermost planet over that which
he same launch vehicle capabilityv would have permitted with a direct flight.
r
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Practical considerations, including the use of the Titan-Centaur launch vehicle
j was the only available vehicle providing adequate capability), nevertheless

juired a flight duration of 10 to 12 vears to complete the Grand Tour.
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What was needed was (1) a thorough and detailed spacecraft system design to take
maximum practical advantage of the advancing capabilities, and (2) a special
approach to meet the challenge of long-life reliability. Although both of these
required a totally new spacecraft design, there appeared to be effective approaches
which would permit meeting all of the requirements.

It thus appeared that through fortuitous circumstances there was a conjunction of
the Grand Tour opportunity with the time that the capability to capitalize on it
had developed. The coincidence appeared to be uniquely fortunate and thus to rep-
resent an opportunity that clearly should not be missed.

As time has proven, however, the political process chose not to fully capitalize

on this opportunity. After considerable study it was proposed that two spacecraft
(for redundancy plus increased coverage) be launched in 1977 to fly by Jupiter,
Saturn, and Pluto and two more spacecraft (of identical design) be launched in 1979
to fly by Jupiter, Uranus, and Neptune. This approach would provide coverage of
all of the outer planets and do sc with the reduced risk inherent in dual launches.
Additionally, it would capitalize on the economv provided by building four identi-
al spacecraft, not only in design and fabrication costs but also-in the flight
perations costs. This propesed project was called the Grand Tour Project.

Dn

A preliminary design of the spacecraft was developed and was named the Thermoelec-
tric Outer Planet Spacecraft (TOPS). It utilized considerable redundancy (both
operational and non-operational) in sophisticated wavs, combined with self-test
and repair techniques, to meet the long lifetime reliability challenge.

The Grand Tour would have been a costly project, however, and despite the fact that
the cost would be spread over many years and would have replaced several less
expensive alternative projects, its value was not always recognized or understood.
In any event, the political process decided in 1971 that the Grand Tour Project

as proposed would not be undertaken.

In the meantime, it had become evident that several unknown facets of the space
environment existed which might jeopardize the approach to exploring the outer
planets. The two most important were the character of the asteroid belt--would

it represent a serious physical hazard in traveling to the outer planets--and the
strength and nature of the Jupiter radiation belts which would control how close a
spacecraft could safely fly by Jupiter.

CURRENT OUTER PLANET MISSIONS

Consequently, the Pioneer Project was authorized in 1969 to send two relatively
inexpensive spacecraft, (see Fig. 2), to be launched a year apart in 1972 and

1973 on scouting missions to measure the density of the asteroid belt, the strength
of the Jupiter radiation belts, and to make other pertinent observatlons within
their capability. The two spacecraft were spin-stabilized and were named Pioneer 10
and Pioneer 11. This project was under the management of the Ames Research Center.

With the cancellation of the proposed Grand Tour Project, interest turned in the
direction of developing a less costly vet still worthwhile alternative to capital-
ize to some degree on the Grand Tour opportunity., The alternative selected was to
send two modified Mariner spacecraft on flvbvs to Jupiter and Saturn, in turn.

The flight time to Saturn could be kept below four years by utilizing the gravity

assist of Jupiter and thus would be within the capabilities of a modified Mariner
spacecraft. The major areazs of modification included utilizing RIGs for power, a
much larger spacecraft antennz and X-band (as well as S-band) for communications
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increased block redundancy, a digital and reprogrammable attitude control system,
and considerable on-board digital fault detection and correction capability. Ten
scientific instruments and the necessary accommodations to support and utilize

these instruments were also included (see Fig. 3). Four of these ten were remote
sensing instruments located on a scan platform which could be independently pointed.
This project, initiated in 1972, was called Mariner-Jupiter/Saturn 1977 (later its
name was changed to Voyager) and was based on the best estimates then available as
to the nature of the astercid belt and the Jupiter radiation belts.

Pioneer 10 subsequently discovered that, consistent with earlier opinion, the aster-
oid belt was not a significant hazard. It alsc discovered, however, that the
electron flux in the radiation belts around Jupiter was about 100 times more intense
than had been expected.

iation environment to be encountered. The effort involved the testing,
selecting, and hardening of basic component parts, the determination of the shield-
ing effects of the spacecraft structure, and the addition of shielding where prac-
tical and necessary. The Pioneer data also raised the question of the potential
danger of electrostatic discharge due to traversing this environment. Some redesign
and testing was done to understand and minimize this concern.

With the successful performance of Pioneer 10 at Jupiter, it was decided to target
Pioneer 11 at Jupiter so as to obtain a gravity assist to accelerate it on to fly
by Saturn in September of 1979 even though this would require a nearly polar pass
well outside of the equatcerial regions of interest to Voyager. Nevertheless,
Pioneer 11 basically confirmed the high radiation levels in the vicinity of Jupiter
discovered by Pioneer 10.

In 1975 a new project was proposed which would use a modified Voyager spacecraft to
be launched in 1979 to fly by Jupiter and Uranus as an additional way to further
capitalize on the Grand Tour opportunity. The proposed modifications would be
primarily to enhance lifetime to the six-year requirement and to include science
instruments tailored to observations of Uranus. A more sensitive new imaging
system, using Charged Coupled Devices (CCDs) technology rather than vidicons, and
an improved Infrared Interferometer Spectrometer (termed MIRIS) were to be included.

Even though this project would have been relatively inexpensive and would have
capitalized on the investment in the Voyager spacecraft, it was not authorized
primarily due to the cost of maintaining the Titan-Centaur launch capability which
otherwise could be phased out after the Voyager launches in 1977. It was decided
that all future launch capability would be based on the use of the Space Transpor-
tation System with an appropriate set of upper stages--a system which would not be
available until after 1979.

With the decision not to undertake the Jupiter Uranus mission, an option was intro-
duced to use a Saturn gravity assist to accelerate one of the Voyager spacecraft

to Uranus following its passage of Saturn and also to develop the modified IRIS
instrument (MIRIS) on a crash schedule in the hope that it could be gubstituted

for the IRIS on the Voyager spacecraft before launch. It promised improved per-
formance at Jupiter and Saturn as well as a major improvement at Uranus.

in order to pe
Voyager 1) on
which was as clo ible without serious risk of encountering
too high a radiatio rel, would emphasize observation of the satellite Io as

lanned to send one Vovager (called
y Jupiter in March 1979 at 5 Jupiter radii,
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well as Jupiter (see Fig. &4). It would then proceed to Saturn, arriving after a
total flight time of three years and two months in November 1980. At Saturn it
would emphasize observation of the satellite Titan along with Saturn (see Fig. 5).
The other Voyager (called Vovager 2) would be launched on a slower trajectory to
fly by Jupiter in July 1979 at 10 Jupiter radii (a much safer distance from the
radiation hazard standpoint). 1t would emphasize the satellite Ganymede along with
the planet (see Fig. 6). It would then proceed to Saturn with a total flight time
of about four years, arriving about nine months after Vovager L in August 1981.

it could either repeat the Vovaper 1 trajectory and observations or it
by Saturn (just outside the rings) as to obtain
as to flv on te Uranus (see Fig. 7). The flight time to U
4-1/2 vears (arriving in January 1986).

gravitv-

would be

of the

erformance of

cf Vovager 2.

In either case

would have picked
the solar system and, if thev survive, would be able to
the orbits of Plutc and Neptune--perhaps out bev
sun-dominated space to true interstellar space.

The challenge of hardening the Vovager spacecraft
development and testing work. A capability

phase of the spacecraft to provide command access to the backup or
tude contrel computer memory. Known as the Memory Access Module ( ), it provided
the capability to reprogram the memory that was not active. Otherwise, reprogram-
ming would have to be done only on the active memery and in a way that did not
interfere with the real-time function of the Attitude Control System.

other

These spacecraft and their operational ground system were designed around four
principles: (1) extensive use of block redundancy (including redundant computers
and computer memories for the Attitude Control Subsystem (ACS), the Flight Data
Subsystem (FDS), and the Command Computer Subsvstem (CCS)), (2) the use of on-board
fault-protection that would cause the spacecraft te put itself into & safe state in
case a failure in an operational unit was sensed (including switching in a block
redundant unit where appropriate), (3) the use of on-board stored commands (called
a sequence) which could be intermittently transmitted (well prior to their execu-
tion) to cause the spacecraft to execute the maneuvers or observations intended,
and (4) minimal use of real-time commanding. (Reference 2)

The CCS provided both the basic real-time functional control of the spacecraft
(including the activation of the fault-protection capabilities) and the storage of
the command sequences. Redundancy in the CCS, to be effective, needed to be
operational sc that a backup unit could immediatelv take over if necessarv. Since
the backup unit had to be on and operational in any event, it was decided to
utilize both units so as to be able to store an even larger total seguence as long
as both were working. The determination of the best use or management of redundant
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Voyager 2 was launched first, as planned, during a part of the launch period when
it was not possible to launch on the faster Voyager 1 trajectory. After launch,
the confirmation that the science instruments boom had fully deployed was not
received and a number of automatic fault-protection switching actions were exper-
jenced. In addition, in several instances the performance of the new digital
reprogrammable Attitude Control System did mot functionm precisely as expected.

These difficulties required a delay in the launch of Voyager 1 while one hardware
and several software changes were made and tested. Although in-flight tests and
calibrations indicated that the science boom on Voyager 2 was for all practical
purpcses locked in the right position, it was concluded that an over center locking
arm had probably not gone all the way home and thus caused the deployment telemetry
indication to n“’ function. A stronger spring was added to the mechanism of

3 insure that it would function as expected and provide a normal
tware was modified to desensitize several of the fault-
to correct the performance of the Attitude Control System.
ished in time tec launch Vovager 1 during its optimum
h occurred in early September 1977,

iaund

prior to launch it had become clear ti there was a major problem in complet-
us ground operaticnal system and in keeping it updated

to be compatible with the spacecraft software (which was undergoing changes to

rrect deficiencies detected in analvsis or test). This ground system utilized

programs running on & variery of computers to provide (1) telemetry

s, displav, and data record generation; (2) navigational

(3) command and sequence generation and validation. (Reference 33

ing the necessarily ambit

ituation was aggravated by the difficulties encountered during and subse-

o launch of Vovager 2. Much more real-time commanding was required than

en planned for and more time and effort was required to understand the

aft performance, to decide on corrective actions, and to insure that con-
ial ground system modifications were effected.

This situation was complicated even further when, as time went on, other difficul-
ties were encountered with the spacecraft. These difficulties primarily were

(1) the science instrument scan platform (which is used to point the remote sens-
ing instruments) on Voyager 1 developed sticking problems in its azimuth axis,

(2) one command receiver on Voyager 2 failed outright and the backup unit was

found to have a failed frequency tracking capability, (3) on several occasions
programmed maneuvers or calibration sequences were aborted due to unexpected inter-
action between the fault-protection programs and the developed sequences, and

(4) continuing occasional difficulties in the performance of the Attitude Control
svetem.

All of these difficulties were overcome in time but not without further impact on
the progress in completing the ground operational system and the sequences needed
for Jupiter encounter. The scan platform sticking problem was overcome by forcing
the drive to grind up or displace what was analyzed to be a piece of foreign mate-
t in the gear drive. The inability of the Voyager 2 receiver to track
its received frequency was overcome by programming the ground transmitted frequency
(altered by doprler effects) was within the pass-
eraction between the secquences and the fault-
‘s in the ground simulation
tne htti:ude Control
Control Svstem

ed pv cerrecting OmeE
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Although there was consideration of & more extensive plan, the limited ACS repro-
gramming was deliberately accomplished only on the active unit; the Memory Access
Module was not used. This reprogramming could be done in a safe way without
impacting the real-time control performance of the active unit. However, if a
backup unit is called into action, it will not be corrected and will therefore have
to be reprogrammed in time. There would be nc serious time urgency, however.

The task of preparing the Jupiter encounter sequences proved to be more difficult
than anticipated and, coupled with the extra work required by these spacecraft
problems, led to a significant augmentation of the operations crews. With this
augmentation, the preparation work was accomplished and Vovager 1 very successfully
completed its Jupiter encounter observations in the January through March period
of 1679.

These observations provided a wealth of new and, in many cases, surprising infor-
mation about Jupiter's atmosphere, satellites, and magnetosphere. (See Refer-

ence 4,) The atmosphere was much more dynamic than expected, with belt zone pat-
terns even in the polar regions, pervasive cyclonic or anticvclonic local motions
with complex interactions of these local motions, auroral emission in the polar
regions, cloud top lightening bolts, intense ultraviolet emissions from the disk,
and a2 volume fraction of Helium in the atmosphere of 0.11 =z 0.03. Seven currently
active volcanoes, probably driven by tidal heating, with plumes extending up to

250 km above the surface were found on the satellite Io. Curious and distinct
differences in the terrain of the Galilean satellites were discovered, with
Callisto having an ancient and heavily cratered crust; Ganymede twe different types
of terrain, cratered and grooved; numerous intersecting linear features on Europa;
and no evidence of cratering at all on Io. A ring of material similar to the rings
of Saturn was discovered around Jupiter (see Figs., 9-13).

An electrical current of about tive million amps was measured to be flowing in the
magnetic flux tube linking Jupiter and Io (see Fig. 14). A plasma torus that
surrounds the orbit of Io and that emits in the ultraviolet (due in part to ionized
sulfur and oxygen) was discovered.

The radiation levels at Jupiter proved to be about as anticipated and radiation
effects were largely as predicted. Two unexpected results were encountered, more
likely due to electrostatic discharge rather than to a direct effect of the radia-
tion. The Flight Data Subsystem experienced a series of Power on Resets which,
due to the way these resets are handled in the unit, caused it in effeet to slow
down by a total of about 8 seconds, thus causing it to be out of the proper rela-
tive timing with the Command Computer Subsystem. Also, on one or more occasions,
the two halves of the operationally redundant Command Computer Subsystem lost time
synchronization by as much as 7 seconds. The only significant effect of these
timing shifts was to cause a few of the pictures to be smeared because the camera
was caused to shutter at a time the scan platform was moving.

After completing its Jupiter observations, Voyager 1 performed a trajectory correc-
tion maneuver (TCM), which put it on a trajectory to encounter Saturn as scheduled,
and completed a number of planned post-observation science calibrations. Simul-
taneously, Voyager 2 was prepared for its encounter with Jupiter. The Voyager 2
basic encounter sequences had been prepared prior to Vovager 1 encounter. They

had in fact been adjusted and to some degree reduced in scope in order to provide
confidence that there would be no difficultv with the special procedure regquired to
work with the partially failed command receiver. Since the receiver pass-btand
varied in its center position as a function of the receiver temperature, the sequen-
ces had to be transmitted to the spacecraft during periods when nothing was causing
the receiver temperature to vary, i.e., when there were nc maneuvers oOr power
dissipation changes that could affect the receiver temperature. Thus the segquences
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had to be designed to insure that there were nc such events during the scheduled
and backup times for transmitting the sequences.

There were, in addition, a number of reasons for modifying the Voyager 2 sequences
as a consequence of the Voyager 1 discoveries. The three major ones were (1) to
add imaging of the newly discovered rings of Jupiter, (2) to supplement the imaging
of To as a result of the discovery of the volcanoes, and (3) to increase the ultra-
violet and photopolarimeter coverage of the torus around the orbit of Io. These
modifications were accommodated partly by specially authorized changes and partly
through the update process that was a part of the regular plan. The Voyager 2
encounter period started in early May 1979 and, to date of this writing, operatioms
have been proceeding essentially as planned. The closest encounter will take

place on 9 July 1979,

The preparation of the Saturn sequences is already under way; the lead time is such
that this approach is required. This planning must encompass both the non-Uranus
and Uranus options. To minimize the extra work and thus to maximize science return,
certain commonalities have been included between Vovager 1 and Voyager 2 Saturn
sequences (which was not done for Jupiter) and between those for the non-Uranus

and Uranus options on Voyager 2.

Pioneer 11 will fly by Saturn on 1 September 1979. It is targeted to fly by in
the same region that Voyager 2 will if the Uranus option is selected. There is a
high likelihood that it will provide information that will cause changes in the
Vovager Saturn sequences. FPlanning is under way to permit considering such
changes and to maximize the likelihood of being able tc incorporate at least the
meost important ones.

DESCRIPTION OF GALILEO MISSION

After a number of option and definition studies, the Galileo Project was initiated
in Fiscal Year 1978 to carry out an intensive investigation of Jupiter, its satel-
lites, and its immediate environment. Plans provide for launching a 2060 kg
spacecraft including both an atmospheric entry probe and an orbiter (see Fig. 15).
The spacecraft will be launched by the Space Transportation System in January 1982,
will fly by Mars to obtain a gravity-assist boost in energy, and will arrive at
Jupiter in mid-1985. About 150 days before entering orbit, the probe will be
released from the orbiter. Although it will travel separately, it will arrive at
the planet at about the same time as the orbiter (see Fig. 16), and will enter and
sample the Jovian atmosphere. The orbiter's closest approach to Jupiter will be
about 320,000 km, where it will burn its retrorocket for orbit insertion and will
fly by Io for a gravity assist to orbit insertion. For the next 20 months the
spacecraft will follow a series of varying elliptical paths around Jupiter using
the gravity effects of the Galilean moons, particularly Ganymede and Callisto.

At least 11 near encounters with Jupiter and 11 close passages of the satellites
are expected to occur during that period. The orbit will be moved around so that

the spacecraft can measure Jupiter's magnetotail, the magnetic region directly oppo-

site the sun, at a distance of 150 Jupiter radii, some 10,000,000 km (see Fig. 17).

The orbiter will employ a new dual-spin design; part of the craft will be three-
axis stabilized for the pointable remote sensing instruments and the other will

be spin-stabilized for the fields and particles instruments. A new camera system,
employing charge-coupled devices to provide greater spectral response and higher
sensitivity, will be utilized. Encounters with the larger moons are gxpected to
yield photographs having a resclution of 30 to 50 meters. Eight other instruments
for measuring near-infrared and ultraviolet radiation, temperatures, magnetic
fields, plasma densities, energetic particles, and other features of both the
planet and its moons will be carried aboard the orbiter (see Fig. 18).
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£ The probe, which is managed by the Ames Research Center, will carry seven fu

¥ scientific instruments into the Jovian atmosphere to measure the ratic of hydrogen sle

£§i to helium, to analvze composition and structure of the atmosphere, clouds, and *
particle sizes, and the enerpy radiated and received by Jupiter. Continunus mea- It
surements through the atmosphere are expected to be made and relayed back to earth b
via the orbiter down to a depth of at least 10 bars (see Fig. 19). e
The Galileo Project is based on Vovager designs, experience, and results in many
ways. Although the spacecraft is different in some major specifics (e.g., the
dual-spin concept), the power subsvstem (including the RTGs), the radio subsystem,

i and the temperature control subsvstem are almost direct carrvovers from Voyvager. 1

The command and data sub new distributed data svstem approach based on *
the use of microprocesso ch wae chosen in the interest of 5
on some of the limitatior ! =
used for radiation hard more radiatior 5
Vovager) and for electros T
enhanced over that used f
will also be taken directly 4

Q \J]JJ.L\ W
science i
provides both attitude

ymphonie design, struments

T I
based on their

for both the probe and orbiter. ( propuls
control propulsion and the propulsion for trajectory including orbit

The design of the Mission Operations System, including the process for generating
the command sequences, will be a direct outgrowth of the Vo g =
specifically attempting to reduce some of the troub
experienced with the Vovager svstem.

lesome features that

The Vovager science return will primarilv afiect the specific observations that

will be designed into the Galileo science sequences. In most cases, the instruments
1] selected for Galileo have improved resolution, semnsitivity, special coverage, or
tH other enhancement that is more than adequate for the next phase of detail obser-

% }‘ vations even considering the Voyager discoveries.
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: i FURTHER CANDIDATE OUTER PLANET MISSIONS

;%g{ As a logical fellow-on to the Pioneer and Vovager flvby missions, a Saturn Orbiter
¢ Dual Probe mission is under studv. This mission will provide the capability for

detailed long-duration observations of the planet, its satellites, aﬂd its environ-
ment. As now envisioned, a spacecraft embodying (1) an orbiter with its retro-
propulsion module, (2) a Saturn probe, and (3) a Titan probe-lander would be
launched by the Space Transportation System in the latter 1980s for encounter with
Saturn in the early 1990s. The spacecraft will be propelled by a solar electric
propulsion system currently being considered for development and will be injected
into an elliptical orbit about Saturn. The Saturn probe separation wi occur
shortly before the orbiter lnHCrLlO‘, ancd the Titan proku will be separated some
9 to 12 months after going intc orbit. The orbi be maneuvered by using

) its propulsion system and the gra\1ta;10na1 eff tan to place it in posi-

Iz tion to Pilon the probe to be Qcphraref on a p d trajectory for the

: Titan entry and land Tit v s : i tha

temr Lha 15

believed to have




