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The Thermoelectric Outer Planet
Spacecraft (TOPS) is being de-
signed to meet the challenges and
hazards expected on outer-planet
missions starting in the late 1970s—
missions made possible by the
rare, and now much discussed,
planetary alignment of the next
two decades.

The attention to the field of as-
trodynamics brought the necessary
awareness to these missions by the
mid-1960s. But the concept of us-
ng the gravity of a planet to
change the trajectory of a space
vehicle was initially advanced by
Hohmann in his analysis of an
Earth-Mars-Venus-Earth trajecto-
ry.! ’

In 1963 Minovitch presented the
detailed trajectory analysis for
“gravity assisted” trajectories and
demonstrated the reduced launch-
energy requirements for missions
to the inner planets (Venus-Mer-
cury).?

By 1964 Hunter had suggested
using Jupiter’s gravitational field
to reduce flight time to the outer
planets.’ Flandro then discovered
the rare late-1970s alignment of
Jupiter, Saturn, Uranus, and Nep-
tune that makes an encounter with
all four planets in one mission
practical, in a remarkably short
flight time.*” A direct flight to
Neptune using a ballistic trajecto-
rv requires a 30-year flight period.
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but Flandro’s proposed ‘‘Grand
Tour” mission takes only about
nine years.

Kingsland performed a detailed

trajectory analysis of the four-
planet Grand Tour miission, in-
vestigating two trajectories with a
1977 launch date: one that passes
inside the inner ring of Saturn and
the other just outside Saturn's
rings.* The launch energy (defined
as twice the energy per unit mass
of the spacecraft at Earth escape
and commonly designated as Cj)
was about 120 km?/sec’.

Wallace also investigated nu-
merous outer-planet missions us-
ing gravity-assisted trajectories.’
He brought out the advantages of
using two- or three-planet mis-
sions (rather than four) in the late
"70s, particularly in light of the
uncertainties concerning Saturn’s
rings, which make it desirable to
bypass Saturn in some of these
missions. The Grand Tour mission
that does not fly by Saturn (the
Jupiter, Uranus, Neptune, or J-U-
N mission) was further in-
vestigated by Wallace, for 1978
and 1979 launches.* Further in-
vestigation of three-planet mis-
sions led to the detailed analysis of
a Jupiter-Saturn-Pluto (J-S-P) mis-
sion with a 1977 launch. Wallace
documents the trajectory consid-
erations for this mission.” Last
vear in A/A, Long discussed these

missions from a system and space-
craft-design point of view.!'®

Basic mission constraints that
led to the selection of ‘a multiple-
planet trajectory have been dis-
cussed by Kingsland for the Grand

" Tour mission* and by Wallace for

the J-U-N and J-S-P missions.**
In order to select a mission
mode for TOPS, the project guide-
lines and definition, including the
purpose and objectives of TOPS,
have to be considered. To satisfy.
these objectives the 1977 Grand

Tour inner-ring trajectory was

chosen for analysis. Lifetime con-

_ siderations, however, were based

on a longer flight time (the 12
years required for the 1977 Grand
Tour, outer-ring mission). Recent
interest in three-planet missions

_has motivated the -inclusion of

both the 1977 J-S-P and the 1979
J-U-N missions in TOPS space-

. craft-design considerations.

- The table on page 48 summa-
rizes encounter dates, altitudes,
and hyperbolic approach velocity
for these three missions. Charts on
pages 46 and 47 show the helio-
centric trajectories of the missions.
The launch vehicle must supply an
injection energy of some 120
km?/sec? for the anticipated space-
craft weight. A 21-day period is
required for two launches from the
same pad with the proposed
launch vehicle.

With this background, we can
now consider the launch vehicle,
the flight environment, and system
design.

Launch Vehicle: Project leaders
chose the Titan II[ID/Centaur
with a Burner-II upper stage as
the basic launch vehicle for the
TOPS missions because of its
comparatively low cost. The exact
performance of this launch vehicle,
shown on page 51, will naturally
change with development of im-
proved or new versions. Improved
or larger versions would slightly
shorten trip times or increase pay-
load weight. The graph on page 49
gives the current estimate of the
launch-vehicle’s performance,
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