Mariner Mission to

Venus and Mercury in 1973

By ROGER D. BOURKE and JOSEPH G. BEERER

Jet Propulsion Laboratory

The year 1973 presents an unusual
bpportunity to fly a single space-
craft to both Venus and Mercury.
NASA plans to take advantage of
this opportunity, and the Mariner
Venus/Mercury 1973 (MVM *73)
project has been established to
carry it out. (Project management
for MVM '73 was assigned to JPL
in December 1969.) The two-
planet mission has these objectives:

1. To conduct exploratory in-
vestigations of Venus and Mercury
—measuring environmental, atmo-
spheric, surface, and body charac-
teristics. First priority is assigned
to Mercury investigations.

2. Secondarily; to perform ex-
periments in the interplanetary
medium and to obtain experience
with a dual-planet gravity-assist
mission,

MVM '73 SPACECRAFT CONFIGURATION

The MVM ’73 project still being
in its early stages, with many key
aspects of the mission yet to be
decided, this article necessarily
treats the preliminary mission plan-
ning phase—background of the
project, characteristics of the 1973
opportunity, and sonfe possible
mission options being considered.

Background: The opportunity to
go to Mercury by Venus (swing-
by) was first identified by Mino-
vitch,! who showed the dual ad-
vantages of this mode: First,con-
siderably lower launch energy than
a direct mission to Mercury and,
second, the bonus of close scien-
tific investigation of Venus. Sturms
surveyed the six Earth-Venus op-
portunities of this decade (1970,
1972, 1973, 1975, 1977, 1978)
and found that only two—1970
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and 1973—permitted ﬁighls on to
Mercury with reasonable flyby alti-
tudes at Venus and real advan-

_tage in lower launch energy.? Al-

though the planetary configuration
approximately repeats every eight
years, the 1978 Venus opportunity
does not constitute a Venus/Mer-
cury opportunity. The high incli-
nation, eccentricity, and mean mo-
tiont of Mercury make a very accu-
rate repeat of planetary positions
necessary to obtain similar trajec-
tory conditions.

As the dual-planet mission was
by-passed in 1970, the 1973 op-
portunity becomes the one time in
the 1970s that an Atlas/Centaur
¢an launch a Mariner-class space-
craft to Mercury passing by Venus
at an altitude of 1000-6000 km.
The 1973 conditions permit, more-
over, a considerable range of ar-
rival conditions at Mercury, and
so considerable choice of scientific
measurements.

Mission and spacecraft designs
have been evolving since the first
system-level study of a spacecraft
to fly the 1973 mission was under-
taken at JPL in late 1966.% Eck-
man gave a general discussion of
the mission as of June 1969.* A
JPL report describes the details of
the design "at that point.* This
article depicts the project as we
turn into the new year, and em-
phasizes trajectory characteristics.-

Science Payload: A science pay-
load for this mission was tenta-
tively selected in July 1970. The
table on page 55 lists experiments
and principal investigators.

Many. of the experiments re-
semble those flown on earlier Mar-
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iners. For instance, the television
derives from the TV on the MM 71
orbiter, but the optics have been
modified so that both cameras give
high resolution. (See the August
1970 A/A, p. 64, for a complete
discussion of MM ’71.) The celes-
tial-mechanics and radio-science ex-
periments will be enhanced in this
mission by the addition of an X-
band spacecraft-to-Earth link co-
herent with the S-band signal. This
will allow separation of charged-
particle effects along the signal
path. All experiments will benefit
from a greatly increased data rate.
For the first time it will be pos-

shield the spacecraft bus and most
of the instruments.

Two low-gain antennas mount-
‘ed on opposite sides provide com-
munications throughout the mis-
sion for all spacecraft attitudes.
The high-gain directional antenna,
a 48-in.-diam circular parabolic
reflector on a 2-deg-of-freedom
hinge, is mounted on the side of
the bus. The TV-camera scan plat-
form rides in the shade behind the
central bus. An extendable boom to
one side holds two magnetometers
to isolate them from the space-
craft’s magnetic field.

During cruise, the spacecraft

under the higher heating rates near
Mercury. An alternative configura-
tion is being studied in which the
motor axis is mounted parallel to
the roll axis.

The CC&S, based on the MM 71
design, generates the timing and
sequencing functions for the space-
craft subsystems throughout the
flight. It is a stored-program spe-
cial-purpose digital computer with
a fixed sequencer for maneuver re-
dundancy.

A new flight data subsystem

- (FDS) samples the science and the

engineering measurements and does
any necessary onboard processing

This first U.S. spacecraft to Mercury will sweep by Venus —in the in-
itial use of the gravity-assist technique expected to play a prominent
role in outer-planet missions —pass close to the Sun’s nearest neighbor,
and, half a year later, owing to an unusual condition of celestial me-
chanics, possibly revisit it for further studies

sible to send full-resolution TV
pictures in real time from Venus.

Spacecraft: The MVM 73 space-
craft, shown on page 52, will look
much like previous Mariners, its
configuration based on the MM '69
and '71 hardware and technology.
The “baseline” configuration of
components is still flexible and
changing, of course, and in final
form may differ somewhat from
the sketch shown.

The higher solar intensity en-
countered on this mission makes
just two solar-cell panels adequate
for power. The two fully celled pan-
els ride outriggers to decouple
them thermally from the space-
craft bus, and these members can
be folded away from the Sun to
limit the solar-cell temperature.
Louvres on six of the bus’ eight
bays regulate its internal tempera-
ture. The propulsion subsystem oc-
cupies one of the remaining bays.
A sunshade and thermal blankets

January 1971

axes are aligned relative to the Sun
and the star Canopus through the
use of celestial sensors. Gyros give
an inertial reference for other nec-
essary orientations, as in trajec-
tory-correction maneuvers. An au-
topilot control subsystem stabilizes
the spacecraft during burning of
the trajectory-correction motor.
This control system uses the gyros
as the error sensors and jet-vane
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actuators to set the thrust vector.

A modified version of the MM 69
propulsion system—using anhy-
drous hydrazine and rated at 50-1b
thrust in vacuum—generates im-
pulse for trajectory corrections.
Timed engine firings, controlled by
a central computer and sequencer
(CC&S), determine impulse mag-
nitude. A blowdown propellant-
feed system, with a multi-start ca-
pability, is being considered for the
mission. Also, the motor needs a
new bladder that will not cause ex-
cessive propellant decomposition

before data transmission to Earth.
This new subsystem permits the
telemetering of more functions than
before and at a higher rate. For the
science instruments, the FDS pro-
vides the fine timing pulses to con-
trol such functions as multiplexer
stepping and calibration. Multiple
telemetry data streams range from
85 bits/sec for engineering data
during cruise to 117,600 bits/sec
for real-time TV at Venus. An all-
digital tape recorder, based on the
MM '71 design but modified for
record rates of 117,600 and 2450
bits/sec, stores data. This recorder
will be used to record and play
back 882 full-resolution pictures
taken at Mercury. Some 2775
quarter-resolution pictures will also
be transmitted in real time from
Mercury. A half-disc mosaic com-
posite of these pictures will be
equivalent in resolution to the best
Earth-based pictures of the Moon.

The telecommunications subsys-
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