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PART I
DOCUMENT OBJECTIVES

BACKGROUND

Recent technical accomplishments and studies presage the beginning of a
period of greatly increased interest in the exploration of Venus. Three
years ago Venus orhiters were known to be feasible but there was concern
that descent-probes would not outlive atmospheric entry. If descent-
probes could indeed survive entry, it seemed apparent that the high at-
mogpheric pressure and temperature near the surface and the rapid descent
required to accomplish relay communication via a fly-by bus would limit
probe use to pressure, temperature, and simple optical measurements, A
year later it was clear that not only was it possible to survive atmospheric
entry but that 2 number of sophisticated atmospheric and cloud physics ex-
periments could be performed during slow descent {o the Venus surface.
Still later, less than a year ago, it became apparent that relatively simple
vehicles could be designed which would allow useful measurement on the
Venus surface by seismic and other instruments. At about this same time
Earth based microwave interferometer measurements of the polar tem-
perature, and the U.8.8.R, Venus 5 and 6 measurements determined that
both polar and mountain top temperatures were too hot to allow Earth forms
of life to survive on the Venus surface. The result of these findings is a
reduction in the efiort needed to meet international sterilization requirements.

In less than three years we have advanced from a condition where poor
prospects existed for making the in situ measurements necessary for a
significant advance in our understanding of Venus to a condition where it is
possible to apply a substantial number of the most efficient techniques and
instruments used in four major areas of planet research: aeronomy,
meteorology, planet surface examination, and planet-interior study. In
some instances the fabrication and use of the instruments for Venus will
present less difficulty than is involved in their use on missions to Mars
and other planets. In other instances, the special requirements of Venus
use will stimulate the additional instrument development contemplated for
improved Earth use,

MISSION DEVELOPMENT

Present and past Venus mission studies have involved:

a. Delta launched payloads of 800 pounds.
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b. Atlas~Centaur launched payloads.of 1850 pounds.
c. Titan launched payloads of 3900 pounds.
This document will consider the spectrum of uses of the 8001b, Delta payload,

The first phase of the study of Delta payload uses is an attempt to select
one of each of the different classes of missions necessary for a compre-
hensive study of Venus and to show both the feasibility of each class and
the scope of itg resulting Venus examination, The classes of missions
included in this first phase of the study are:

a. Aeronomy and meteorclogy using an entry bus and ,d,eécent probes.
h. Orbiter use for field, particle, and aeronomy measurements.

c. Atmospheric circulation measurement by means of balloon probes.
d, Orbiter use for physical, thermal, and optical mapping of Venus.

e. Venus interior examination by means of both active and passive seismic
experiments,

f. Venus surface examination by means of a landed probe.
These missions and their state of development are described in Part 1,

The second study phase must be to define a series of missions in which the
design of each individual mission is such as to insure the maximum science
return from the series rather than from the individual mission,

OBJECTIVES

The purpose of this document is three~fold:

a. To acquaint the scientific community with the concept of a compre-
hengive study of Venus by means of a low-cost entry probe and orbiter

mission-series,

b. To solicit scientific community assistance in further development,
modification, and refinement of the concept, both in part and in its
entirety,



c. To solicit scientific community assistance in clearly and completely
stating the rationale for the concept. i.e. The merit and priority of
the concept in the context of general planet studies; as related to an
understanding of Earth environmental and pollution problems; as re-
lated to past and future flight and Earth based Venus measurements;
as a stimulus to the further development of needed Earth measurement
instruments; as related to international participation; and as related to
alternate Venus exploration conc\épts.



PART 1L
MISSION-SERIES DESCRIPTION

1. LAUNCHING
1.1 LAUNCH VEHICLE

The launch vehicle chosen for the low-cost mission-series is the Delta,
see Figure 1, This launch vehicle,* which was first flown in 1960, has
been subject to a continuous extension of its capability by means of a series
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of thoroughly tested incremental steps and as a result has maintained a
record of exceptional reliabilily, Approximately eleven missions will use
the chosen launch vehicle between 1971 and 1975 when its first use on the
proposed Venus mission-series would take place.

The liquid-fuel first stage engine is gimbal-mounted to provide attitude
control from lift-off to first stage engine cut~off. Two liguid-propellant
vernier-engines provide spin control throughout first-stage operation, and
attitude control from first stage engine cut-off to first stage separation.
Nine strap-on solid fuel rocket motors assist the first stage.

The liquid-fuel engine of the second stage is likewise gimbal mounted to
provide attitude control throughout the second stage burn. A nitrogen gas
system is used to provide second stage spin control during powered flight
and both spin and attitude control after engine cut-off, The nose fairing,
which protects the payload from aerodynamic heating and biological con-
tamination, is jettisoned at 125 ki shortly after the beginning of second ]
stage burn. Two fixed helium-nozzles, fed by the propulsion pressurization
system, provide second stage retro~thrust following separation of the third
stage.

The third stage is supported on the second stage by means of a rotation table.
Following cut-off of the second stage engine, the table is spun hy solid fuel
motors affixed fo its perimeter. "The spin stabilized third stage is then
separated from the second stage and the solid propellant third stage motor

is ignited.

An inertial guidance system, consisting of an inertial sensor package and a
digital guidance-computer, controls both the vehicle!'s motion'and its sequence
of operations from lift-off to third~stage separation., To control vehicle mo-
tion, the sensor package provides vehicle attitude and acceleration informa-
tion to the guidance computer which computes the vehicle's position, velocity,
and attitude, compares the computed values with stored reference values,

and then generates vehicle steering-commands to correct for deviations.

Venus migsion-series launches will be from Cape Kennedy, Florida., The
second stage will place the launch system in a nearly circular parking orbit
at an altitude of about 170 km. Completion of a parking period of 10 - 30
minutes, as determined by the particular mission, will be followed by third
stage spin up, third stage separation, second stage retrothrust, and the
third stage burn which accomplishes escape-velocity and injection into an
Earth-Venus f{ransfer orbit. The Planetary Explorer bus is then separated
from the third stage. At this point orbit error is such that there is a negli-
gible possibility that the spent third stage will be captured by Venus.



1.2 LAUNCH VEHICLE CAPABILITY

Analysis hag revealed that for a given launch date and orbit injection-energy,
and for less than one revolution around the sun, there are as many as four
different flight paths to Venus.* For the proposed mission-series, however,
launchings cannot be scheduled for an arbitrary date but must be restricted
to a "window™ of several weeks when the relative positions of Earth and
Venus allow the orbit injection velocity required by the payload to be fur-
nished by a launch vehicle of practical size and cost, and allow satisfactory
communication and entry conditions to be obtained af arrival, Favorable
launch windows occur approximately 2.5 months before each closest approach,
or inferior conjunction, of Earth and Venus and thus the windows are spaced
by the "synodic" period of approximately 19,2 months, Although missions
using the same launch vehicle and occurring during successive launch win-
dows differ in their payload capacity and other Venus arrival parameters,
mission conditions are cycliec, Every eight years, or every fifth Earth-
Venus inferior conjunction, a Metonic cycle is completed; approximately
the same space fixed Earth-Venus geometry re-occurs; and the Venus ar-
rival parameters duplicate those of the launch window eight years earlier.

Figure 2 portrays various spacecraft weights that can be sent to Venus by

the proposed launch vehicle during a Metonic eycle. The data, which is for
entry-probe missions, represents the maximum spacecraft weight associated
with the indicated entry-speeds of the probes into the Venus atmosphere and
is for ten day launch windows. The 36,000 ft/s entry speed* shown for the
1975 launch represents a conservative estimate of 1969 heat shield capability.
For the remaining windows in the cyele it can be seen that higher entry speed
and thus greater heat shield capability is required if we wish to maintain
spacecraft weight at 800# or more. AVCO has stated that it is reasonably
certain that the heat shield material selected for the 36,000 ft/s entry speeds
in 1975 will be able to be used at entry speeds in excess of 42,000 ft/s.
Confirmatory testing of this material, as well as the development of new
materials, seems certain to furnish the 38,500 ft/s entry capability necessary
for the 800-840+# spacecraft weights of the proposed mission series.

*Type 1 paths are those having heliocentric path-angles of less than 180 degrees. Type II path
angles are greater than 180 degrees. Because the heliocentric motions of the Earth and Venus are
not coplanar, two paths usually exist for each path type, and are designated as class [ and class II.
Class I paths have shorter flight times and smaller heliocentric path-angles than Class II. Thus,
the type I, class I path has the shortest flight time, and the type II, class Ii path has the longest
flight time.

tMeton, a 5th Century B. C. Greek astronomer, discovered that a period of 19 years elapses before
the full moon occuts on the same day of the year. This fact became the basis of the Greek calendar.

tEntry speeds given here will occur at a distance of 6150 km from the center of Venus.
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Figure 2. The maximum spacecraft weight that can be sent on entry probe missions to Venus by a
Delta launch system is shown in relafion to the speed of a probe entering theatmosphere 6,150
km from the center of Venus.. Probe speeds are inft/s. Launch windows are 10 days.

Other launch and arrival-parameters such as launch geometry, Venhus ap-
proach geometry, and Venus-Earth communication distance are involved in

specifying the missions shown on Figure 2 bhut do not present significant
congtraints to the gelected misgion-series,

The weight which can be placed in orbift around Venus will be discussed in
the Section 2.4,

The continuing effort to improve the Delta launch system can be expected

to result in increased payload capability. The most recent change, an im-
proved nozzle on the second stage, will result in an additional 25 pound
capability which has not been included in the mission-series described here.



2. EARTH-VENUS TRANSIT AND VENUS ORBITING

2,1 PLANETARY EXPLORER BUS VEHICLE

The Planetary Explorer (P. E.) bus is based upon Phase A design studies
by the Goddard Space Flight Center (Reference 1) and AVCO (Reference 2)
and is shown in its various mission-series configurations in Figures 4, 7,
15, and 21.

The bus is expected to be suitable for use during long missions because it
is spin stabilized and is thus conservative of fuel, both in transit and in or-
hit. It is expected to be reliable because of its simplicity. It is expected to
be low-cost due to both its simplicity and to the fact that its basic design
allows easy conversion to meet the bus requirements of a variety of probe
and orbiter missions.

2.2 TRANSIT DESCRIPTION

During transit, maintaining good communication with Earth and optimum use
of the bus solar cells require that the bus spin-axis r%na.in perpendicular
to the direction of the sun. Spin stabilization alone is sufficient to maintain
this perpendicularity throughout transit if the spin-~axis is placed perpendic~
ular to the transit orbit-plane as shown in Figure 3.

INJECTION

SEPARATION $9

ORIENTATION G,

$-~ o, axp prROBE
SEPARATION
ENCOUNTER

LAUNCH oacto} ) .
+5 DAYS - -10 DAYS
Pg Py
o@ ORBITER TRANSIT DD
B o,
Og

04{%

O3
LAUNCH
450 DAYS

PROBE TRANSIT

LAUNCH
+150 DAYS

Figure 3. A schematic view of bus transit as seen from the north celestial pole.



Tollowing bus separation from the third stage of the launch system, the bus

is spinning at 30 rpm* and its spin axis lies in the transit orbit plane. The
first bus maneuver, 0, of Figure 3, places the spin axis perpendicular to the
transit orbit plane. Subsequent orientation maneuvers take place immediately
before and after course-correction-pulse applications at P, , P,, and P,

An example of aim point errors in the target plane following injeetion and
course correction pulsing is shown in Tabie 1 for a Type II, 1975 transit,

Table 1

Aim-point Errors for a 1975 Type II 176 Day Transit

Time . . .
from | Veloaty |- Feralting S atepereion
launch . change pAe (
Event (days) (m/s) a b
Injection 4,570,000 76,600
First
correction 5 100 . 85,900 8,200
Second
correction 50 7 9,520 381
| Third
correction 150 4 831 316

Although the geometric capture-radius of Venus is roughly 6,100 km, gravi-
tational focusing at Venus extends the aim-point capture-radius in the target
plane to 16,000 km for the 1975 transit, Table 1 shows that for this mission,
capture of the bus by Venus can be assured following the second course-
correction. Gravitational focusing reduces the aim error given in Table 1,
and for the case where the aim point is near the center of Venus a reduction
of from two to five will be obtained.

*Third stage )spin‘ is at 70 rpm. Exzending of theprobes, see Figuies 4 and 9 reduces bus spin
to 30 rpm.
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2.3 BUS SUBSYSTEMS DESCRIPTION

The hasic bus, see Figure 4, comprises essential subsystems ‘whicil are al-
tached to a load bearing central support tube, and which .can be conveniently
modified or added-to according to mission requirements. The subsystems are:

3 SMALL PROBES

SMALL PROBE
SEPARATION NUT
SQUIB ACTUATED

CABLE CUTTER
SQUIB ACTUATED

LARGE PROBE
ENTRY PROBES .

BASIC BUS N = ﬁ
; NOZZLE
fr '

LARGE PROBE diw PROBE ARM
SEPARATION NUT—H| M| PIVOT
SQUIB ACTUATED

INSTRUMENT 1
COMPARTMENT h

THERMAL ____——iff _ Sé)éég
LOUVER e pSELL
1L —— ll! F- I W —
Lo TR
]
ANTENNA (STOWED)A]::-QZE e 0 —~ E NOZZLE
DELTA " 2 .
ﬂ o X I8
ATTACH FITTING ] —  COMMUNICATION FIELD INTENSITY
X
NV
ANTENNA (ERECTED )—=3~ | , \\ : ,J
4 i \-.,_‘#//

-7.5db
Figure 4. The basic bus structure adapted to carrying four meteorology entry probes. The left side

of the bus is shown in cut-away. The Delta attach fitting remains with the third stage. The dual-
patiern antenna is erected after third stage separation.
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2,3.1

2.8.2

2.3.3

Power

The solar cell array provides the electric energy for the bus vehicle
and feeds directly.to.a shunt regulated 28 volt distribufion terminal

-from which all of the bus electrical systems are supplied. The bat-

tery is connected to the 28 volt distribution terminal through a charge
and discharge regulator. While the bus is in sunlight the battery is
continually charged but when the bus is shadowed or when temporary
requirements for greater power exist, the battery replaces the solar
cells in foto, or in part, to supply the bus electrical requirements,
For the configuration shown in Figure 4, the solar cells furnish 65
watts at Earth and 122 watts in the vicinity of Venus. However, the
golar panel area can be readily changed to satisfy greater or lesser
needs. Table 2 lists the component weights of the power system.

Attitude Determination

Two principal units are used in aftitude determination, The first
unit is the scanning celestial attitude-determination system (SCADS),
a star tracker which measures star'magnitude and angle and feeds
this data over the telemetry link to Earth. At Earth, computers are
able to determine the direction of the bus spin axis with an error

of 0.10-degrees. The second unit is the solar-aspect system, which
gives the spin-axis sun angle and provides a timing pulse each time
its sensor scans the sun. The timing pulses are used in conjunction

“with a sector generator and the command system to obtain proper

synchronization of bug spin-axis-direction-change and course-
correction propellant pulses during transit, and for proper probe
release timing at Venus., The sector generator is also used for
proper sequencing-of 'measurements by bus science instruments
when this requirvement exists. There is, in addition, a planet sensor
which can give a unique hus spin-axis direction when the spacecraft
is near Earth or Venus.

Attitude Conirol and Course-correction

The basic system is used during’'transit, and can also be used during
orbit around Venus, for bus spin-up, spin~down, spin-axis~direction-
change, and course~correction. Typical total system capability is
130 rpm spin change, 720° of spin-axis direction-change, and 125 m/s
course-correction change. In order to separate rotation changes
from'translational motion seven thrust nozzles are-used. 'The ar-.
rangement used satisfies all bus rotation requirements and allows
bus-course-corrections to be made in any direction ‘within a

12
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Tahble 2

Planetary Explorer Bus Weight Summary, for a Probe Carrying Bug

Element

Assembly
. Subsystem Weight, 1bs, Weight, 1bs.
- . Structure . 52.3
Instrument shelf ‘. 6.1
Center tube 10.0
Booms and hinges 8.2
Frames, fittings, etc. .36.0.
Dower 40.3
Solar panels 22,1
Battery 9,9
Converters 4.0
Regulation 2.8
Probe battery charger 1.5
Attitude Determination . - 13.5
_Sun sensor and electronics 3.5
SCADS .and electronics 9.0
Attitude control logic 1.0
- Propulsion and Orientation . - .89.3
Tanks (4) and pressurant 11.7
Propellant (hydrazine) 70.0
Nozzles, lines, ete. 13.0 )
. Damper ‘ 4,6
Communications 26,1
Receivers (2) 6.0
Transmitter 5.9
Diplexer 0.7 .
Antennas 4,0
Decoder <. 3.0
. Memory (science) o 4.0
Memory, A/D converter, — : ..
encoder, clock 2.5 -
.- _ Programmer L . coea . 40

13




Element Assembly
Subsystem - Weight, Ibs. Weight, ibs.
Thermal Control 19.9
Blankets 7.6
" Coatings 2.0
i Louvers (8) 4,5
Heaters and ’
thermostats 2.0
Heat pipes 3.8
Cabling 13.0
Contingency 10.0
TOTAL BUS WEIGHT 278.4

hemisphere about the spin axis without the necessity for spin-axis
direction change,* Maximum efficiency is obtained, however, by
reorienting prior to course-correction and subsequently returning
the spin axis to its original direction perpendicular to the ecliptic
plane.

Pure-hydrazine propellant is stored in four symetrically spaced
tanks shown in Figure 4. The (.3 g developed at the propellant
tanks due to bus spin forces the propellant against the outside of
the tanks, establishing a centrlfugally maintained barrier which
permits the use of a bladderless ' nitrogen-gas blow-down pres-
surization sysiem. In the nozzle, the liquid hydrazine passes ovér
a catalytic bed which causes a spontaneous exothermic decomposi-
tion info a nitrogen-hydrogen gas jet developing 5 pounds of force.
The propulsion jets are commanded from Earth; they can operate
continuously or in a pulsed mode with a pulse centroid repeatability
of 1 milli~-second. Normal operation would use 0.35 pound-second
pulses with a 0.1 second duration. Spin axis precession introduced

*An 8th nozzle is necessary to obtain spherical translation capability without a 180° spin-axis
direction change.

{In non-spinning “‘weightless'? spacecraft the pressurant gas will pass through the propellant and
will not force the propellant to feed into propulsion engine. The pressurant must be prevented
from mixing with the propellant by mears of a flexible container or bladder.
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by spin-correction or course~correction, or resulting from probe
separation, is removed by means of a passive damper .héwing a time
constant of 30 minutes. Nominal angle-error in bus course-correction
and in probe release, from all causes, is approximately 1°.

; 2,3.4 Communications

Farth-bus communication involves links for three different activities:

a. The data link transmits 10 bit word housekeeping, engineering,
bus attitude, and experiment data at 15 bits per second during
cruise and at:315 bps* when the bus enters the outer atmosphere
of Venus.

b. The command link is capable of 128 commands which can:

i. switch the bus transmitter to 1, 5, and 10 watf outpuis.

ii. switch the transmitter oufput to either the 1 db or to
the 7.5 db antenna;

iii, order attitude and course-correction changes and
probe releases.

iv.  order other required operations.

The command data rate is 1 bps.

¢. The tracking link determines the position and velocity of the bus
at all times by means of range and Doppler measurements ob-
tained from a turn-arounditransponder on the bus, Speed and
range errors relative to Earth are 1 mm/s and 6 meters
respectively.

All links use the Deep Space Network (DSN) 210 ft, diameter antennas.
Command and tracking utilize 400 kw transmission from these
antennas,

The erectable bus antenna, see Figure 4, obtains the hemisphere
coverage needed for maneuvering by means of pattern switching.

*For the 1975 mission communication distances.
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The 1 db low gain circularly polarized pattern is doughnut shaped
with its principal axis coinciding with the bus spin axis and it thus
looks at right angles to the spin axis and in all spin-azimuth direc-
tions, The 7.5 db high gain circularly polarized pattern is roughly
spheriecal in shape and looks outward along the spin axis of the bus.

The 2300 MHz solid state S-band transmitter-receiver which per-
forms the function of a turn-around transponder transmits a pulse
code modulated/phase modulated (PCM/PM) convolutional encoded
signal, The transponder uses redundant receivers in order to guard
against command failure, Upon arrival at Venus communication
distances for the mission series are from 60(10)° km to 135(10)% km,
depending upon the particular mission opportunity.

2.3.5 Thermal Control

Because solar irradiation at Venus is twice that occuring in the
vicinity of Earth, solar-panel temperatures of as much as 75°C

may be experienced. The bus elecironie instruments have an
operating-temperature range of -10°C to 50°C and must be shielded
from the solar cells by means of both insulation against conduction
and by a multi-layer aluminized thermal radiation blanket. Changes
in the internal energy dissipation by the electronic instruments and
Iack of a suitable heat sink require that a system of active variable-
emittance louvers, see Figure 4, be used to keep the electronic
instruments within their operating range as Venus is approached.

The bus nuiation damper requires a temperature of greater than
22°C at all times and is placed at a location within the instrument
comparitment where this condition is obtained. The hydrazine tanks,
fuel lines, and nozzles are coated with a paint having a ratio of
absorbtivity to emissivity which maintains them at a temperature
greater than their minimum operating temperature of 2°C at all
times, Entry probes are insulated from the bus so that their re-
lease will not result in significant bus temperature changes.

2.4. VENUS ORBIT DESCRIPTION

For an observer on the Sun, the bus appears to be traveling in a direction
inclined by only a few degrees to the Venus orbit plane. For an observer

on Venus, however, the inclination of the bus approach assymptote is deter-
mined by bus velocity relative to Venus, rather than by the absolute -bus
velocity,and the inclination is considerably larger. TFor the proposed mission-
series the inclination of the approach assymptote is roughly 30° for each of
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the misgions; the approach to the planet is from above the orbit plane for
some opportunities and from bhelow the orbit plane for others. In any case,
it is this approach inclination which determines the minimum inclination of
the bus orbit around Venus, see Figure 5%, The maximum inclination, 90°,
is obtained when the bus is aimed so as to pass-over the noxrth oxr south
celestial pole of Venus.

/D—'—“‘—"‘—

TO POLAE ORBIT

PERIAPSIS
UNCERTAINTY
ELIPSE

BARTH ¢

* 30° ORBIT INCLINATION

TO LOW INCLINATION ORBIT

Figure 5. Geometry of typical orbits around venus.

The periapsis altitude or closest approach point of the orbit is determined
primarily by the bus aim point, and the uncertainty in periapsis altitude, =
see Figure 5, is determined by both the uncertainty of the position of the bus
at the last course-correction and thé course-correction error.’ In order to

*Unless prohibitive additional bus propulsion is devoted to adjusting the approach assymptote
direction.

" tGravitational focusing pulls the aim point toward the placet and reduces the aim point and
course-correction errors.
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2.5

IS

obtain the greatest certainty in placing the bus into its desired orbit and fo
minimize the retro-motor propellant weight, retrofire takes place at the
periapsis of the hyperbolic path of the bus and tangent to the Venus surface,
The region of retrofire then becomes the periapsis of the orbit ellipse,

Satisfactory temperature control of the bus over long periods requires that
its spin axis remain perpendicular, within 10°, to the bus-sun line. Greater
angles are possible for short periods but care must be taken to prevent di-
rect or reflected sunlight on the louvers. It is necessary to select an Earth-
Venus transfer orbit and a Venus orbit for which this constraint is met dur-
ing the retro-maneuver when the bus spin axis is tangent tothe Venus surface.

For a given Venus-orbit periapsis-altitude the apoapsis altitude is determined
by the bus asymptotic approach speed, which should be as low as possible

in order to save reiro-motor propellant weight, and by the magnitude of the
retro-motor impulse, Sinee the science payload of the orbiting bus is the
load capacity remaining after the addition of the retro-motor, apoapsis al-
titude can be related o the science payload in orbit as shown in Figure 6

for the fields, particles, and aeronomy orbiter.

ORBITING BUS SUBSYSTEMS DESCRIPTION

A typical fields, particles and aeronomyl orbiter is shown in Figure 7. A
weight breakdown is shown in Table 3.

2.5.1 Retro-motor

The 38 pound retro-motor case is fitted within the central support
tube of the bus, see Figure 7. As much as 365 pounds of solid pro-
pellant can be used; the amount is governed by the desired apoapsis
altitude and the load capability at Iaunch., A 4800 pound retro-thrust
is developed for a nominal burning time of 22 seconds.

2.5.2 In-Orbit Maneuver

The hydrazine spin-change and course~correction system is supplied
with addifional fuel] for in-orbit spin-change, spin axis direction-
change, and periapsis change (1500 km),

2.5.3  In-Orbit Communication

* A data storage-unit is required for orbiting missions where the data
accumulation rate is higher than the data transmission rate, where
Vehus may at times block line-of-sight transmission from the or-
biter to Earth, or where Venus may block the Sun from the solar
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Figure 6. Averaged values for science payload in orbit around Venus as related to apoapsis alfi-
tude for a fields, particles, and aeronomy orbiter. Periapsis change can be obtained by in-orbit
use of the atfitude and course-correction system..

cell array and the supply of energy from the batteries alone is insuf-
ficient for simultaneous measurement and transmission. A twenty
pound 5(10)° bit storage-unit is available for use on these missions.

A second orbiter adjunct is a dual mode antenna, see Figure 7,
consisting of 32 rows of 4 colinear dipoles mounted parallel to the
bus spin axis. In the low gain mode the linearly polarized antenna
radiation pattern is doughnut shaped with its prineipal axis coinciding
with the orbiter spin axis. Antenna gain is 8 db, beam width is

15°; transmission rates to Earth are shown in Figure 8.

In the 19 db high gain mode, the 360° azimuth coverage of the dough~
put pattern is shrunk to 10°. The resulting 10° by 15° unidirectional
radiation pattern is electronically despun using the sun signal as

an azimuth reference and is pointed to a fixed direction in the
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COMMUNICATION FIELD INTENSITY

TOP VIEW - - . SIDE VIEW

‘ 10° |
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36"
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BOOM HINGE s =
p/,

THERMAL LOUVERS RETRO-MOTOR

Figure 7. A Venus orbiter configuration suitable for fields, particles, and aeronomy
experiments, The left side is shown in cut-away. ™

ecliptic plane. By Earth command, using the bus omni-directional

antenna, the despun high-gain beam is changed in azimuth until it
_is directed at Earth, Subsequent shifts' in direction of the beam are

made as required by the change in Sun~Venus-Earth angle with time,
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Table 3

Fields, Particles, and Aeronomy Orbiter
Weight Summary for a 1976-77 Mission

Ttem Pounds
Structure 61.2
Experiment booms 12.0
Thermal sysiem 19.5
Communications system 29.3
Data storage and encoding 24.5
Attitude-determination sysiem 9.5
Power system

Electronics and batteries 19,8

Solar array o 22.1
Programmer instrumentation 4.0
Cabling 15.0
Planetary-insertion motor dry weight 38.2
Hydrazine system

Fixed dry weight 14.6

Tanks and pressurant 13.3

Unusable propellant 2.0

Subtotal 285.0

Contingency (approximately 10%

of subtotal) - 23.0

Subtotal 308.0

Experimeénts (20% contingency) 50,0
Total in-orbit spacecraft dry-weight 358.0
Propellants '

Fixed attitude and spin control 11.0
Mission-dependent propellants

Trajectory correction (in transit) 44,0

Orbit maneuver (in Venus orbit) 35.0
Planetary insertion solid propellant 285.0
Total spacecraft liftoff weight 733.0
197677 mission launch capability 733.0
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* DATA TRANSMISSION RATE TO EARTH (bps)
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Figure 8. The curves dre for the indicated bus and JPL Deep Space Instrumentation
Facility (DSIF) antenna and for 10 watts of radiated power.
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2.6

2,5.4

2.5.5

Command access to the orbiter bus will be available at all times
through the use of the two boom=mounted omni-directional antennas
shown in Figure 15,

Orbiter Thermal Protection

Cooling, when in the shadow of Venus, and additional heating due to
Venus infra-red emission and to sunlight reflected from Venus are
experienced by the orbiter, The extent of the problem depends upon
inclination of the orbit plane to the Venus-Sun line and upon the
periapsis and apoapsis distances. Solar cell temperatures of 110°C
to -80°C occur for the orbiter which has a 1000 km periapsis over
the subsolar point of Venus, and a 10,000 km apoapsis. A tempera-
ture change of less than 6°C occurs when the orbit plane contains
the terminator circle and is thus at a right angle to the Venus-Sun
line, Solar cell temperature extremes are found, however, to he
tolerable and sufficient isolation of the instruments from the temper-
ature extremes can be obtained.

Lifetime in Orbit

Lifetimes in orbit of 8 months are feasible,

BUS DEVELOPMENT STATUS

The GSFC Planetary Explorer Phase A report (Reference 1) and the AVCO
study (Reference 2) indicate that the proposed bus vehicle can be built uging
available flight-proven or flight qualified systems, subsystems, and compo-
nents. Although additional development of items such as the solid-state
transmitter, the data-storage system, the course-correction system, and the
electronically despun antenna would improve the bus performance and
reliability, these systems exist and meet the bus requirements.

Additional contract study (Reference 3) is at this time directed to the im-
provement of the P. E. bus and to simplifying its conversion to the different
requirements of the mission-series,
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3.1

3.2

AERONOMY AND METEQOROLOGY PROBE MISSION

MISSION SUMMARY

Ten days before Venus encounter the bus spin axis is reoriented to lie in the
transit-orbit plane, the spin rate is increased to 100 rpm, and three small
52~-pound entry probes are released tangentially, see Figure 9. The probes
impact on Venus in the region of the sub~solar point, the anti-solar point,
and the north pole point respectively, see Figure 10. During their 1.5 hour
descent from 70 km to the surface, see Figure 11, the probes will be used

to make measurements of atmospheric pressure, atmospheric temperature,
and the Earth directed component of the horizontal wind.

Following small probe release, the bus is retargeted to the large probe entry
location and the 380 pound large probe is released toward Venus,

~ Four hours before encounter and at a distance of 15 radii from Venus the bus

science measurements will begin and will continue to an altitude of 130 km
where communication with Earth is lost due to overturning of the bus as it
enters the dense atmosphere. Bus science-instruments will measure the
neutral and ion atmospherie-composition; electron-densgity and electron tem-
perature; solar wind; and Venus magnetic field,

The large enfry probe will make measurements in the region from 70 km to
the gsurface. It will provide measurements of atmospheric pressure, tem-
perature, and gas composition; solar radiation flux and upward thermal radi-
ation flux; cloud particle composition, number-density, and size; horizontal
wind speed; and altitude above the surface. The large probe is turned on by

a timer 5 minutes before its deceleration by the Venus atmosphere. Deceler-
ation measurements recorded by the large probe in the region 130 to 70 km
will be used to compute the pressure, temperature, and density profiles
needed to join the profiles of these same parameters obtained below 70 km

to the profiles which will be obtained above 130 km by the bus measurements.

A summary of mission weights is given in Table 4.
THE BUS

The bus and its use are described in Sections 2.1 and 3.1 and in Table 4. The
bus follows the large probe on its path to Venus and enters at the same lo-
cation, see Figure 10. The bus science measurements degcribed in the
preceeding section use instruments which have been flown on Earth satellites
and space probes. No special problems arise in their use and no further
instrument development is necessary.

PRECEDING
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Figure 9.
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~'Figure” 10. Small probe (S), large probe (L), and USSR Venera probe (V) landing
points, and‘radar feature positions are shown. The Venerapositions on the left are
the -points .of impact on the surface and can be described in latitude and longitude
with reference to the equator and radar feature @, F. The Venera positions on the
- right are given in solar or meteorologicel coordinates at the time of entry. Most of
the radar features are on the far side of the planet. Temperatures were obtained by
Sinclgir, et al. (Reference 3). Maximum brightnes’s temperature dlfference between
the hof and cold points was found to be 18.4 + 9,2K.

3.3 THREE SMALL PROBES
;
3.3.1 Pﬁrpose —

i

- .,.\‘ -

In con;luncnon W1th the large probe, the three small probes deter-
-mine whether diurnal variations exist in the-altitude profiles of at-
" mospheric temperature and whether the altitude profile of polar

temperature differs from the profile obtained at the equator. Fig-

ure 10 shows recent planet surface temperature measurements and
their relatmn to the ‘small probe entry positions.

ST
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Table 4

Mission Weight Summary
Item Pounds

Bus science 25
Bus total 304
Large probe science 70
Large probe total 380
Small probe science 3 x 4 12
Small probe total 3 x 52 156
Total science weight 106
Total system weight 840
1975 Delta laumch capability 844

3.3.2

The small probe temperature measurements and the measurement
of their Earth-directed component of wind drift will assist in de-
fining an atmospheric circulation model.

Probe Release

Immediately before small probe release, the bus spin-rate is ad-
justed so that the tangential velocities of the small probes at the
time of their release will take them to their required Venus impact
points, Proper targeting of the small probes can be achieved by
commands to the bus which (2) change its spin rate, (b) change the
phase of its rotation with respect to the sun at the instant of release,
and (c) change the number of days before entry at which release
occurs. The errors in release are £1° in azimuth angle, 0.6% in
speed, and 1073 sec. in time. Uncertainty in the position of the bus
at the time of small probe release is 100 km,

The rotation rate of a small probe remains unchanged by separation.
Since atmospheric entry requires a low spin rate in order to assure
rapid angle of attack reduction, the probes are de-spun to 15 rpm

by means -of 4 yo-yo just after release from the bus.
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3.3.3 Landing Points

All three small probes transmit directly to Earth and it is the com-
bination of attenuation and defocusing of the radiated signal by the
dense Venus atmosphere at low Earth elevation angles which de-
termines how closely the probes can be landed to the desired sub-
solar, anti~solar, and.polar points. The two effects establish the
requirement of a nominal beam elevation of 25° or more, above the
Venus surface. Probe skip-out, which occurs for entry angles* less
than 14°, is not a problem. since gravitational bending of the frajectory
insures entry angles of from 25 to 80° under all conditions where

the 25° communications requirement is met.

3.3.4 Probe Configuration

The configuration is shown in Figure 12. Probe hypersonic and
subsonic ballistic coefficients, m/(CaA), are 0.8 and 1.1 slugs/ft.?,
respectively.

Pressure.and temperature sensitive components of the probe in-
struments are enclosed in a thick-wall aluminum pressure vessel
capable of withstanding an external pressure of 200 atmospheres
(3000 psi). The pressure vessel is filled with sulfur hexafluoride

at 156 psi in order to inhibit voltage breakdown and to allow convective
heat transfer to assist in preventing instrument hot spots. Sodium
sulfate dekahydrate, which changes from a crystalline solid to a
liquid at 32.8°C, is used within the pressure vessel to absorb both
heat generated by the probe instruments and heat entering the vessel
from outside. The pressure vessel is attached to the aeroshell by

a thermal isolation ring and is surrounded by a blanket of high
temperature, high pressure thermal insulation. T Release of the
back cover deploys the temperature sensors. Small probe weight
breakdown is given in Table 5.

3.3.5 Communication

Communication ig direct to Earth by means of a 2300 MHz S band
solid-state transmitter radiating 2 watts and transmitting at 1 bps
to the DSN 210 ft. antennas,

*The path angle above the surface at entry.

Min-K(TE) consists of submicron silica particles, an opacifier to minimize radiation transfer, and
silica fibers for reinforcement. It has the lowest thermal conductivity of any non-vacuum insula-
tion, has low outgassing, low linear shrinkage, is load bearing,and may be moulded and machined.
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Figure 12. Small probe configuration.

’I‘ransmissio:; starts 5 minutes prior to entry blackout in order to
assess whether all instruments are operating properly and to allow

adequate warm-up.
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3.3.6

Table 5

Small Probe Weight-Breakdown

Ttem Pounds

Science instruments ) - 3.8
Communication system 5.0
Power system ‘ 14,7
Pressure vessel, heat sink,
and insulation i1.9
Heat shield and structure 12.4
Contingency 4.4

Total weight on bus: - N 52.2

Measurement

The small—-prob‘e science-instruments comprise:

2.

A temperature gauge with two ranges, 200-500 K and 500-800 K,
and automatic range switching,

. Three pressure gauges with ranges of 0 to 1.5, 0 to 15, and 0 to

170 atmospheres. The output of a single gauge only is transmitted
and gauge switching proceeds automatically.

. A surface apﬁroach indicator with a range of 200 meters. The

indicator, which excites the aeroshell for use as an antenna, will
inject at least three consecutive approach indication signals info
the data stream just before the small probe impacts. Loss of
the small probe signal will then be known to have been due to
impact on the surface rather than due to probe failure.

Approximately 250 temperature measurements and 250 pressure
measurements will be obtained during small probe descent. The
interval between successive pressure measurements will be about
1.5 km at 70 km and 0.05 km at the surface., All data will be encoded
in 8 bit words.
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3.8.7 Winds

If large vertical winds are absent at the small probe descent posi-
tions, a. vertical profile of the Earth~directed-component of the
horizontal drift speed of the descending probe can be obtained from
the Doppler shift of the probe transmitter frequency. This single-
wind-component profile can be of value in selecting among possible
circulation models. In Figure 13(a) the Earth-~directed-component
of the wind speed obtained for the sub-solar and anti-solar probes
has a maximum horizontal-component roughly equal to the true
borizontal-wind velocity, while the wind-velocity component ob-
tained from the polar probe is small. In Figure 13(b) the situation
ig reversed with small indications from the sub- and anti-solar
probes and a polar-probe Earth-directed wind-component which has
a maximum horizontal-component roughly equal to the true horizontal
wind-velocity.

LARGE PROBE

~—
T ——

ANTI-

SOLAR
SOLAR
SUB- : PROBE gyp. PROBE
SOLAR £
FPROBE SUB-EARTH PROBE SUB-EARTH
PONT POINT
{a) (b)

Figure 13. Two possible atmospheric circulation models. The models are used for illustration;
planet rotation and the pattern of solar energy penetration moy lead to a more complex circulation
pattern. The Venus surface moves under the terminator at 4 m/s, or 3.1° per day.
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The accuracy with which the Earth-directed component of the hori-
zontal wind can be measured depends upon:

a,

The error in the measured probe Doppler-shift. If a furn-around
transponder is used on the probe, the error is small, For the
small probes, which use a crystal controlled transmitter, Doppler
error is considerably larger due to frequency drift.

The error in cur knowledge of the Earth-Venus departure speed
at the time of measurement; in the rotational departure speed

at the probe entry position; and in the rotation departure speed

at the Earth radar location. The error in the rotational departure
speeds is negligible.

The speed of any vertical winds. For the small probes, vertical
winds which are less than 0.5% of the probe descent speed cause
a negligibie error.

The error in our knowledge of the probe descent speed. This
error is large and arises mainly from uncertainty in the computed
atmospheric density and the uncertainty in the ballistic coeffi-
cient of the probe following the loss of heat shield material by
ablating during entry.

Table 6 shows the resuliing tofal error that would be obtained in the
use of the Doppler signal from a small probe to determine the speed
of a horizontal wind directed along a great circle through the sub-
Eaxrth point. ‘

Table 6

Small Probe Wind Speed Error*

Altitude (ki) Descent Speed m/s Total Wind Speed Error (m/s)
70 176 5.6
50 38 2.4
30 15.5 1.9
0 6 1.6

*Total error obtained in the use of the Doppler signal from a small probe transmitter to determine
the speed of a horizontal wind directed along a great circle through the sub-Earth point. It is
assumed that no vertical winds exist.
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1f, as has been.suggested, a 4-day high-altitude retrograde wind
exists; conversion of the probe Doppler measurement to an equatorial
wind at 70 km altitude would yield a wind speed of 110 + 6 m/s. The
measurements will confirm or refute the existence of winds of this
speed along equator.

Short-period changes in Doppler shift are independent of transmitter
frequency drift and can be measured more accurately than the ab-
solute Doppler shift. Thus, the Earth-directed speed-component of
turbulence induced motions of the small probe can be measured to
within 340 ecm/sec.

3.4 THE LARGE PROBE

3.4.1

3.4.2

3.4.3

Purpose

The Iarge probe is designed to accomplish the principal mission
objectives. Tt examines the Venus cloud cover to discover (a) the
degree to which it is penetrated by solar flux from above and by
thermal flux from below, (b} the variation in size and number density
of its particles with altitude, and (c) the materials of which it is
composed. Other uses include obtaining detailed aliitude-profiles

of atmospheric temperature and presgure starting from the surface;
obtaining more precise measurement of atmospheric gas-composition
and searching for trace constituents; measurement of horizontal
wind speed during descent; and determining the scale of surface
physical features in the vicinity of the impact point. In conjunction
with the small probe measurements, large probe measurements

will assist in defining the diurnal temperature variation, the polar-
equatorial temperature variation, and the atmospherie circulation
pattern,

Separation From the Bus

Following small probe release the bus is retargeted and despun;
the explosive bolts holding the large probe to the bus are fractured,
and springs force a separation of the probe from the bus at 1

‘meter/sec.

Entry and Descent

During entry black-out there is on-board storage of probe decelera-
tion measurements for replay during descent. Parachute deploy-
ment ig shown in Figure 9. Discarding of the aeroshell permits the
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use of downward-looking optical and radar measurements. The
glow descent obtained by use of a parachute permits extensive
measurements in the region from 40 mb to one atmosphere. The
time that can be spent in this region is determined by parachute
weight, internal heating, and battery weight considerations. At
lower altitudes, however, the high ambient atmospheric temperature
requires a faster descent and the parachute is released. Descent
speeds are given in Table 9. Fins, see Figure 14, are attached to
the probe in order to obtain the probe rotation required by the solar
radiometer at high altitudes and by the drift radar at lower altitudes.
To permit rotation, the main parachute is attached to the probe by
means of a swivel,
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AFROSHELL 16 AERQSHELL EJECTOR
HEATSHIELD 17 SPIN FIN 3 REQD
PARACHUTE CANISTER 18 RADAR ALTIMETER ANTENNA

19 CLOUD PARTICLE COUNTER

Figure 14. Large probe configuration.
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3.4.4 Yarge Probe Configuration
The configuration is shown in Figure 14, Probe hypersonic ballistic
coefficient is 0.5 slugs/ft.2. Ballistic coefficient with the main
parachute attached is 0.01 slugs/ft.2. When the main parachute is
jettisoned at 50 km the ballistic coefficient of the sphere-cylinder
descent vehicle is 8 slugs/it.2,
The structure of the pressure vessel is similar to that of the small
probe pressure vessel described in Section 3.3.4. Large probe
weight-breakdown is given in Table 7.
Table 7
Large Probe Weight-Breakdown
Item Pounds

Science 70

Transponder and antenna 11

Power and data handling 40

Pressure vessel ‘ 55

Insulation and heat sink material 28

Aeroshell and miscellaneous structure 62

Heat shields (fore and aft) 46

Separation hardward 6

Parachute (40 ft. dia.) and moxtar 35

Contingency 27

Total weight on bus 380
3.4.5 Communication

Large probe communication is direct to Earth by means of a 2300 MHz
S-band solid-state turn-around transponder radiation 10 watts and uses
the DSN 210 ft. antennas. Transmission starts at 80 bps 5 minutes
prior to entry black-out in order to assess whether all instruments
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are operating properly and to allow adequate warm=-up, Following
parachute release at 50km,the transmission rate is reduced to40bps.

3.4.8 Measurements

3.4.6.1 Acceleration. The accelerometers measure probe deceleration in
the region from 130 to 70 km and the measurements are stored for
replay during the latter part of parachute descent. The acceleration
measurements are used with measurements of the mean-molecular-
mass of the atmosphere, the computed altitude versus time profile,
and the computed probe ballistic coefficient to construct the profiles
of atmospheric pressure, temperature, and density. This information
bridges the gap between 130 km where bus measurement of upper
atmosphere parameters ceases and 70 km where lower altitude
measurements start during parachute descent.

3.4.6.2 Pressure. The five pressure gauges used will have ranges of 0.2,
0.8, 4, 25, and 170 atmospheres. In order to reduce the amount of
information required to be transmitted, pressure actuated range
switching will be used, Measurement error before telemetry will
range from 1/2 to 1% of full scale for each gauge. The altitude
interval between pressure measurements is given in Table 8.

3.4.6.3 Temperature. A single temperature sensor will be used with tem-
perature switched ranges of 200-300, 300-400, 400-600, and 600~
900°K. Measurement error before telemetry will be +0.5% of the
temperature range or +0.5° for the two low temperature ranges and
+1.5° for the high temperature range.

3.4.6.4 Atmospheric Gas-Composition. The mass spectrometer inlet com-
prises an inlet break-~off system, a calibrated leak leading to a bal-
last volume and a second calibrated leak leading from the ballast
volume to the mass spectromemter ionizing region. The principal
counstituents of the atmosphere will be more accurately defined and
a search will be made for trace constituents in the range 1 to 90 AMU,

3.4.6.5 Water Vapor, The sensing element is a water vapor sensitive
capacitor comprising a 10 X5 x 0.1 mm strip of anodized aluminum
coated with a thin vacuum-deposited layer of gold. The gold layer
is porous and allows rapid diffusion of water vapor in and out of the
aluminum oxide with a resulting response time of a few seconds
throughout the range -of the instrument, The instrument is capable
of measuring dew or frost points at =110 to +20°C (164-294°K), cor-
responding to water vapor pressures of 10 to 1075 mb or water
vapor densities of 20,000 to .001 microgram/liter of water.

39



Table 8

Typical Samplfng Intervals. The intervals are for a descent speed of 15 m/s
and a transmission rate of 80 bps and can be converted linearly for other
descent speeds (see Table 9) and for 40 bps transmission.

Sample Interval
Parameter P (ln)

Pressure 1
Temperature 1
Atmospheric gas composgifion

(1-90 AMU) 1
Water vapor (hygrometer) 0.3
Thermal radiation (upward flux) 0.1
Solar radiation (47 steradians

and 4 wavelengths) 1
Cloud backscatter (nephelometer) 0.1
Cloud particle number-density and size 0.1
Cloud particle composition (3-300 AMU) 7.5
Condensation/evaporation 1.6
Altitude (radar) 0.5

3'4'6 '6

Recent experiments indicate no temperature dependence from ~110
fo +85°C (164-359°K). Nor is there dependence upon total ambient
pressure over a range of 107° to 100 atmospheres. Maximum error
is +2° in indicated dew/frost points. The sensor is unaffected by
the presence of a variety of other gases, and is also capable of
measuring the water vapor pressure in liquid hydrocarbons as well.

The range of operation on Venus is expected to be from 40 to 100 km
altitude (6090 to 6150 km radius).

Thermal Radiation. The thermal radiometer is mounted looking

downward. In a near adiabatic atmosphere the difference between
the brightness temperature measured in a CO, window at 7 and a
CO, absorption region at 10,44 is proportional to the transmission
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characteristics of the clouds. Small differences correspond to
opaque clouds, large differences to thin or absent clouds, The in-
strument thus provides a vertical profile of effective cloud density
and will detect whether stratified condensable clouds exist or
whether there is a continuously distributed dust cloud.

The-experiment provides a remote surface temperature measurement
just before probe impact.

3.4.6.7 Solar Radiation. The field-of-view of the radiometer is divided into
five 30° conical sections starting at 20° from the zenith and extend-
ing to 10° from the nadir. Probe rotation results in almost spherical
coverage. Beam splitting allows the separation of each of the 5 light
inputs into 4 different wavelength ranges for a total of 20 different
input signals. These 20 measurements are made every 60° of probe
revolution or 6 times per revolution.

The divergence of the solar flux which ig derived from these meas-
urements represents the fundamental dynamic drive of the atmosphere,

3.4.6.8 Cloud Back-Scatter (Nephelometer). The nephelometer measure-
ment of scattered light gives an indication of cloud density and
reflectivity. Measurement during descent will indicate whether the
cloud cover is a stratified condensable or is a continuous dust cloud.

3.4.6.9 'Cloud Particle Number Density and Size. Individual cloud particles
will be both counted and measured by optical means in the size
range 1 to 250 microns and all particles greater than 250 microns
in size will be counted. The instrument, now undeér development,
observes the shadows of the particles against a fiber-optic detecting
mosaic, a method which is tolerant of background light,

3.4.6,10 Cloud Particle Composition. In addition to the gas-source mass
spectrometer, which is also to be used to analyze evaporaied con-
densate from the cloud particles, the large probe must carry a
solid-source mass spectrometer to analyze cloud particle nuclei
and dust cloud particles which may consist of salts or mineral
materials from the surface. If would be desirable {o measure
masses in the range of 3 to 300 atomic mass units. Preliminary
studies must be concerned with developing techniques for collecting,
evacuating, and evaporating the sample, The particle collection
system must comprise a collector tube, filters, high temperature
stepping units, high temperature solenojd valves, and hallast
volumes. Prior to its presentation to the mass spectrometer the
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3.4.6.11

sample will be placed in a2 chamber in which condensate material
will be evaporated, The gases from this evaporation will be analyzed
in the gas mass gpectrometer. Presently, untreated rock minerals
are analyzed using spark-source mass spectrometry, Modification
of bulky spark generating equipment to a suitable size and power
rating may be possible. An alternate method is thie use of a laser
beam to evaporate the sample, The presence of sample material

in the laser beam could be determined by measuring light scattered
from the sample.

Sample vaporization would take place outgide the pressure vessel
and in order to minimize loss of sample through condensation, the
sample injection fube must allow a straight-line path from the
vaporized sample to the ionization region of the mass spectrometer
located in the pressure vessel.

A possible alternative to the use of mass spectrometry is the bom-
bardment of the sample with electrons and the identification of the
sample by detection of X-ray fluorescence or Auger electron
emission,

Condensation-Evaporation. A typical instrument comprises a light
source and a small reflector external to the pressure vessel. The
image of the source is reflected into the sphere where it is observed
by a photocell. The small reflector is cycled in temperature every
300 seconds from 25°K below to 25°K above ambient temperature,
and then to 25°K below to start the cycle again. Atmospheric gas

is dust-filtered and directed at the reflector. The photocell ob-
serves changes in the reflected light resulting from:

a. ""Dew" forming on the mirror. The temperature of the mirror
at which a liquid forms is compared with the ambient atmospherice
temperature to determine the percent of saturation of the atmos-
phereé by the liquids' vapor. )

b. "Frost' formation. The temperature at which frost oceurs is
either the sublimation temperature or the melting temperature
of the material., Sublimation temperatures can be identified by
the absence of a liquid phase. Measurement of the melting fem-
perature assists in the identification of the condensate since
there are a limited number of plausable substances with melting
points lying within the uncertainty of the melting-temperature-
measurement.
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8.4.6.12 Altitude and Drift Radar. The altitude radar is a conventional S-band

3.4,6,13

FM unit with a downward looking antenna. Altitude range is 6 km.
Altitude measurement error will be +100 meters or less before
telemetering. Descent speed error will be 10 ecm/s or less. Count-
ing techniques can be employed if smaller error in range and
descent speed are desired. For various combinations of horizontal
wind speed and surface feature dimensions, a crude description of
the physical features of the surface may be possible by combining
the altitude and drift radar measurements.

The drift radar is a conventional S-band FM unit mounted within

the large sphere and with transmitting and receiving antennas looking
30° down from the horizon. Maximum range of the unit will be 6 km,
Error before telemetering will be +£100 meters or less., Probe ro-
tation rate near the surface is 15°/sec. and each measurement will
include a 4 second or 60° count of the Doppler frequency difference.
The use of counting will permit measurement of drift speeds as low
as 2 em/s with an error of +1 em/s. Maximum drift speed meas-
urement will be set at 2 m/s,

Range measurements by the drift radar may enable the identifica-
tion of surface physical features.

Carrier Transponder. Large probe speed-measurement during
descent utilizes a carrier transponder. In the absence of horizontal
winds on Venus this instrument will permit Doppler measurement
from Earth of probe descent speed to within +3 ecm/s. Thus turbu-
lence or vertical wind changes of this magnitude will be measurable,
The error in the use of the transponder to determine the true vertical
wind-speed is for the most part determined by the errors in the
measured atmospheric density and in the post-flight knowledge of
the probe's hallistic coefficient. The resulting error is roughly
+2.5% of the probe's descent speed, From Table 9 we see that at

50 km the error in the vertical wind speed measurement would be
approximately +10 em/s before parachute release,

In the absence of vertical winds, the error in the measurement of
the horizontal speed of the large probe along a great circle through
the sub-radar point is given in Table 9. Vertical winds which are
less than 0.5% of the probe descent speed cause a negligible change
in the speed errors given in Table 9. Thus, for winds greater than
the largest of the error values given in Tables 6 and 9, components
of the horizontal wind speed over the altitude range 0-70 km will be
measured by 4 probes (one large, three small) at 4 different posi-
tions on the planet.
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Table 9

Large Probe Wind Speed “Error*'

Alntudeacm) "| " Descent Speed m/s) | 'l‘otal‘_.Wind Speed Eer; (n:;)s) “
" 70 e o0 18 _ . 405
Wisgg <[ 0 4 ~ 0.2
50 - 105 2.8
" 30 B a2 B % §
‘},__o— 17 05

*Total error obtained in the use of the Doppler signal from the large probe- tu;n-a;ound transponder
to determine the speed component 6f a horizontal wind along a great circle through the sub-Earth

* point. It is assuméd that no vertical winds exist. The parachute is deployed at 70 km and sub-
sequendy released -at 50 km.,

375 1_3V[ISSION STATUS

Preliminary studies by GSFC, an advanced study by AVCO (Reference 2),
detailed review of the AVCO study by the GSFC Planetary Explorer study
team, additional work by AVCO (Reference 3) and related work by Martin-
Marietta for JPL (Reference 5) have resulted in a firmly based knowledge
of the capability of the aeronomy and meteorology probe mission,

Of the 17 kinds of science instruments carried on the mission, see Table 10,
11 can beused essentially as they have been used on past rocket, satellite,
and space missions, Of the remaining 6 instruments the cloud particle
number-density and size detection instrument is underdevelopment; the sas
composition mass spectrometer requires the manufacture and testing of a
170 atmosphere inlet system; the particle composition mass spectrometer
requires the development of a sample introduction system; the thermal and
solar ra,dlometers, ‘and the condensimeter-evaporimeter rémain to be de-
veloped. The Femsdining instrument development, however, is based on long
established methods and will be able to be completed by 1978 for a 1975
mission.



Table 10

Summary of Aeronomy and Meteorology Mission Ingtruments

Vehicle Instrument V:Tl%lsgl;t :(P“?E;) Volume (in3)
Neutral Particle mass specirometer
1-50 AMU 8.0 | 10.0 500
Ion mass spectrometer 3.0 1.0 330
P.E. bus Electron temperature probe 2.0 1.5 90
Solar-wind plasma probe 7.0 5.0 200
Magnetomeier 5.0 1.0 130
Totals 25.0 | 18.5 | 1250
Temperature gauge (2 sensors) 1.2 0.15 60
Small prcbe| Pressure gauges (3) 0.8 0.05 10
Surface approach indicator 2.0 3.00 100
Totals 4.0 3.20 170
Acceleromoters (4) 2.0 4,0 20
Pressure gauges (5) 1.3 | 0.1 10
Temperature gauge 1.2 0.15 60
Neutral particle mass
spectrometer 1-90 AMU 10.0 | 12,0 500
Hygrometer 1.0 3.0 100
. |Thermal radiometer 3.0 3.0 20
Targe probe|Solar radiometer 4,0 3.0 100
Nephelometer 4,0 3.0 100
Cloud particle number and size 4,0 10.0 190
Cloud particle composition : ‘
3-300 AMU 20.0 | 60.0 500
Gc‘mdensirgeter/ evaporimeter 2.0 | 10.0 70
Radar altimeter (10 km) 4,5 | 18,07 100
Wind drift radar (10 km) 4,5 | 18,0 100
Turn-around transponder 8.5 | 35.0 100
Totals 70,0 | 179.25 1970

45




4. FIELDS, PARTICLES, AND AERONOMY ORBITER MISSION

4.1 MISSION SUMMARY

The orbiter shown in Figures 7 and 15 ig placed in the orbit shown in Fig-
ure 16 with the instruments of Table 11. Mission objectives are to:

a. measure the detailed structure of the ionosphere and upper-atmosphere
of Venus in-situ,

b. measure the interaction of the solar wind with the ionosphere of Venus,

c. determine the presence or absence of an intrinsic magnetic field for Venus
and investigate the implications in regard to its internal composition,

d. determine the presence or absence of a magnetic bow shock and tail, or

wake, for Venus and compare with other planetary environments in the
solar system,
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Figure 15. Fields, particles, and aeronomy orbiter.

PRECH,
a7 K Nop Pliag;



1000 Km

o %
—

DESPUN BEAM
T00 bps TO 85' ANT.

Figure 16. The orbit for the fields, particles, and aeronomy mission arriving approximately May,
15, 1977. A 1500 km periapsis change can be obtained when in orbit. Data storage is used when
Earih is occulted by Venus.

4,2

4.3

e. measure the interplanetary magnetic field and solar-wind plasma en-
route to and in the vicinity of Venus, and study spacecraft orbital motion
to determine possible Venus gravitational field harmonics.

MEASUREMENT

For a given selection of science instruments carried by the orbiting bus,
the interval between consecutive measurements of the same parameter
depends upon the instrument measuring speed and the data storage capa-
bility, If data transmission is in real time, the interval depends upon
instrument measuring speed, the transmitfer power, the transmission
distances, and the bus and DSIF antenna gains. For the 1976-77 mission
described here, real time transmigsion by the despun bus antenna to the
85' DSIF antenna, see Figure 8, allows a 2 second sampling interval. With
the use of the 210' antenna an 0,2 second sample interval is obtained.

MISSION VARIATIONS

The removal of the 35 pounds of hydrazine fuel necessary to achieve the
in-orbit periapsis altitude change of 1500 km would allow a payload increase
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Table 11

Summary of Fields, Particles, and Aeronomy Orbiter fnstruments

Tnstrument Weight Power Volume

(Ibs.) (watts) (in2)

Ion-mass spectrometer 3.0 1.0 330
El/ion-retarding potential analyzer 2.5 3.0 100
Electron temperature probe 2.0 1.5 90
Neufral-mass spectrometer 10.0 9.0 500
Neutral pressure gauge 7.0 3.0 300
Solar-wind plasma probe* 7.0 5.0 200
Magnetometer 5.0 1.0 130
Plasma waves (ac electric field) sensor* 2,5 1.5 100
Total 39.0 25,0 1750

Available on bus (1976-77 mission) 50.0 25.07 2750

*Also used for measuring during Earth-Venus transic.
tWhen the bus is in sunlight 50 watts is available.

of roughly 35 pounds for a total of 85 pounds for the 1976-77 mission de-
scribed here, Increasing the apoapsis distance to 50,000 km, see Figure 6,
allows an additional 60 pounds to be injected into Venus orbit, but some of
this increase must be allotted to additional bus structure and increased bat-
tery weight, Lowering of the periapsis to 200 km at injection will also ef-
fect a payload increase. It appears that mission-series optimization will
involve additional considerations of science objectives, science instruments,
orbits, orbif maneuvers, and a science instrument capacity of from 50 to
possibly 130 pounds.

4,4 MISSION STAT Us

Vast Tarth orbiter experience exists both at GSFC and elsewhere in the
design and use of this kind of experiment. Those problems specific to a
Venus orbiter have been examined in the GSFC Planetary Explorer Phase
A report and additional bus design refinement is proceeding under contract
(Reference 3). Present technology has been found to be adequate and it is
apparent-that a number of technology development programs presently in
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progress will further enhance the mission. The state of instrument develop-
ment is such that for each measurement there are several competing flight
tested instruments,
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5,1

ATMOSPHERIC CIRCULATION (BALLOON) MISSION

MISSION SUMMARY

Ten days before encounter two entry 'vehicles are released from the spinning
Planetary Explorer bus, see Figures 17 and 19. The tangential release ve-
locities of the entry vehicles carry them to entry positions 40° and 10° noxth
of the equator and 20° on the dark side of the terminator. The bus impacts
the Venus atmosphere and is destroyed. During ferminal descent by patra-
chute, see Figure 18, each of the entry vehicles inflates and releases three
spherical super-pressure balloons. The six balloons drift with the Venus
winds at the 50, 500, and 1200 mb levels and are tracked from Earth to
determine the eireulation of the Venus atmosphere. The 500 and 1200 mb
balloons make measurement of atmospheric temperature and pressure,
incoming solar radiation, and outgoing thermal radiation, and transmit this
information to Earth,

TO SUN<:::[]

TO EARTH

Figure 17. Release two balloon-carrying entry-vehicles at -10 days.
Each vehicle contains three balloon probes.
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Figure 18. Balloon deployment.

5.2 SYSTEM DESCRIPTION

5.2.1

The Balloons

The inelastic-envelope super-pressure balloon displaces a con-
stant volume of the Venus atmosphere and thus, resisting vertical
winds and turbulence, it seeks to float at a constant ambient at-
mospheric density level, I the balloon drifts across the terminator
to the light side of the planet, solar heating causes the gas pressure
inside the balloon to increase and unless the balloon skin is of con-
siderable thickness, balloon gas must be vented in order to prevent
bursting, Asg a result, when the balloon again drifis to the dark side
of the planet there may be insufficient pressure to maintain its en-
velope fully extended. T so, the balloon falls and once falling will
continue to its destruction in the hot lower atmosphere of Venus,

Of the three balloons, the 1200 mb balloon is thermally protected
by the cloud cover and its skin is sufficiently thick to allow use of
the super pressure required for it fo circle the planet. A minor
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Figure 19. The balloon carrying entry-vehicle configuration.
The vehicle carries and inflates three balloons.

increase in balloon gkin thickness would also permit-the 500 mb
balloon to circle the planet, but the 50 mb balloon is exposed to
almost full sunlight and a 60% increase in balloon and inflation
weight would be required to obtain a planet circling capability.

Upward displacement of the balloons by vertical winds will likewise
lead to increased super pressure and require venting, When the
vertical wind ceases, the balloon will return to its former level,
but if its displacement was large and much venting occurred, there
will now be insufficient gas to maintain its envelope fully extended,
It will sink to its destruction. Design of the 50, 500, and 1200 mb
balloons altows for vertical displacements of 1/2, 1, and 1 km,
respectively before excessive venting occurs.
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The 500 and 1200 mb balloons are constructed with a Dacron cloth,*
to obtain the strength required by superpressure, and a 0,0005"
thick Kapton liner to contain the hydrogen inflation gas. Bilaminate
construction is utilized for the liner in order to eliminate pin-hole
leaks. Due to the low superpressure required for the 50 mb bal-
loon the liner alone is sufficient to supply the required strength.
The 13" diameter gondola is attached to the balloon with a2 Dacron
cone,

The hydrogen gas necessary to simultaneously inflate the three
balloons is kept at 4500 psi in a single, carbon-filament~composite
wound, aluminum lined container. The parachute size is sufficient
to limit forces on the balloons to 1 psf during inflation and before
separation,

At floating levels above 50 mb balloon system weight becomes pro-
hibitive, Below 1200 mb ambient temperature is too high to allow
the use of conventional materials and components,

5.2.2 Communication and Tracking

Communication will occur at an initial distance of 65(10)° km for
the 1978 mission opportunity and will be able to be maintained to
within 10° of the limb of the planet as viewed from Earth.| The
2300 MHz S band turn-around-transponder on the halloon gordola
will radiate 5 watts and will be based on 1975 technology. In order
to reduce weight, the gondola with its transponder and science in-
struments is constructed as a unit and potted in foam rather than
employing a conventional modular construction. Because of the
low ambient temperature at 50 mb a radio isotope heater is to be
used to keep the batteries of the 50 mb balloons at operating
temperature, System weights are given in Table 12,

Each hour the receiver on the 50 mb balloon will be turned on and
it will switch to one and then to the other of its two antennas, see
Figure 20(2), in a search for an interrogation from Earth, Inter-
rogation, however, will normally occur every 5 hours when the
receiver, sensing interrogation, will switch fo that antenna receiving
the largest Earth signal. Coherent transponder operation will begin
with a 0,1 minute lock~on time followed for 1.5 minutes by a refuxn
of the ranging signal to Earth. The receiver will then switch, if not
already connected, to the vertically polarized antenna for a 1.5
minute polarization measurement transmission to Earth. The use
of ranging and polarization information for tracking is shown in
Figure 20(b). Ranging places the balloon on a circle about the

*9 1 and 3.3 0z/sq. yd. respectively,
Communication and tracking will use the DSN 210 ft. antennas.
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Table 12

Summary of Circulation (Balloon) Mission Instruments
and Weights for the 1978 Mission Opporiunity

Floating level 50 mb . 500 mb 1200 mb
Planet radius 6120 km 6107 km 6101 km
Altitude (R, = 6050 km) 70 57 51
Instruments Turn-around-transponder

Pressure gauge
Temperature gauge
Solar flux (incoming)
Thermal flux (outgoing)

Water vapor

Balioon diameter 18.5 ft, 10 ft. 7.5 ft.
Balloon and cone weight 5.7 lbs. 6.9 lbs. ‘ 5.7 1bs.
Hydrogen gas weight 1.1 1.5 1.2
Gondola weight 16.2 19.0 ‘ 15.0
Floating weight  23.0 274 21.9
Total for balloons for two entry vehicles . . ... 2XT72........ 144 1bs,
Gas storage tank and accessories ......... 2X85........ 110
Parachute and miscellaneous. . ...... e, 2%X10,....... 20

Aeroshell and accessories .. v v v v v v vwe-0. 2X80,,....,..160

MoOUNting « o« v o e v v v v e v oo et it s s e ens o nnan sy D2
486
100 contiNgenCY . v v v v e v i v it et e e e e e 49
Weight mounted onbus . .. .. ...... E%E
Basic bus (includes 10 Ib. contingency) .. . . . .« c v v v oo o L. 265
Total launched weight. . . ... ... ... ... ... ... ... e e e —80—0 lbs,
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Figure 20. Balloon tracking is accomplished by Earth-based renging and measurement of the
polarization angle of the signal received from the vertically polarized halloon radiation. Ranging
error is *1.5 km at Earth. Polarization angle measurement error is £1°.

sub~Earth point, Polarization measurements identify two possible
balloon positions on the ranging circle. Knowledge of the balioon
history determines unambiguously which is the true position.

The tracking procedure for the 500 and 1200 mb balloons is the
same as for the 50 mb balloon., On these balloons, however, the
science measurements indicated in Table 12 are obtained every

15 minutes and stored for replay during the interrogation period
which occurs every 5 hours. Data words of 8 bit length are trans-
mitted at 20 bps following the 1.5 minute ranging transmission and
before switching to the 1.5 minute vertical polarization transmission,
Data transmission requires an additional 1.5 minutes for a total
transmission time of 4.5 minutes, Total battery capacity ig suf-
ficient for 6 days or 30 transmissions. Depending upon the extent
of solar energy penetration as determined from the earlier me-
teorology probe mission, solar cells may be used to obtain a longer
transmission life,

Tracking will permit calculation of the average wind speed between
interrogations separated by 5 hours or more. Doppler measurement,
however, will permit the measurement to within several centimeters
per second of the Earth-directed component of the motion of the
balloon over a period of 1 to 4 minutes.

o6



5.3

5.4

ALTERNATE MISSION CONFIGURATIONS

The final configuration of the balloon mission is greatly dependent upon the
results of the aeronomy and meteorology probe mission. Should this earlier
mission determine that emphasis should be placed on examining the temporal
and horizontal distribution of the cloud at one or more levels, rather than on
atmogpheric eirculation, the balloon gondola science measurements and float
altitude would be modified accordingly. Should the emphasis be on circula-
tion measurements at one or several levels, the gondola science would be
removed. A "circulation only" mission might involve entry vehicles targeted
to as many as 8 different locations, each carrying an 800 mb balloon with a
turn-around transponder and capable of floating completely around the planet.

MISSION- STATUS
The above mission description has resulted from a company sponsored study
by Martin Marietta (Reference 6) in cooperation with GSFC. Although the

work is preliminary, much of it is based upon an extensive study of buoyant
Venus stations (Reference T).
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6. MAPPING ORBITER MISSION

6.1 MISSION SUMMARY

The mapping orbiter, Figure 21, is placed in a polar orbit with a periapsis
of 400 km at 45°N. It performs as follows:

a., Radar-altimeter measurement is made of the Venus surface elevation
or relief profile along the sub-orbit path from the pole to the equator as
shown in Figure 21 and with the resolution shown in Table 13. These
measurements, which are made at zero angle of incidence, also provide
estimates of the surface dielectric coefficient from which inferences
can be made in regard to packing fraction, regolith thickness, and rock
classification. Successive allimeter measurement strips are separated
at the equator by the rotation of Venus but they converge as the pole is
approached, providing dense coverage in this region.

Radar shadow-mapping of the region enclosed in solid lines on both sides
of the sub=-orbit path is also obtained by the radar altimeter. A single
shadow-map with a known view angle permits rough estimates to be ob-
tained of the elevation of Venus surface features. On subsequent passages,
the rotation of the planet surface under the orbit will cause this same re-
gion to he shadow-mapped from a different angle. Stereographic techniques
will be used with the two mappings to determine the shapes and elevations
of surface features, The highly accurate elevation measurements of the
altimeter along the sub-orbit path will assist with the stereographic
mapping.

b. Passive measurements, using the radar receiver only, are made of the
13.5 ¢m radiation from the Venus surface to obtain Venus surface-
temp erature-brightness mapping in the region enclosed within the dashed
lineg of Figure 21,

¢, Bistatic radar measurement will be made of the specular reflection from
Venus surface features which are illuminated by an Earth based radar
transmitter. The mapped region is shown in Figure 21.

d. Television pictures of cloud-top structure are taken on the light side of
Venus from the north-pole-terminator to the south-pole-terminator and
from the visible horizon on the East to the visible horizon on the west.
Because of difficulty in illustration, only two ouf of as many as 30 tele~
vision pictures are shown on Figure 21,
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Figure 21. Venus mapping description.
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Table 13

Comparison of Mapping-Orbiter-Measurement Resolution and
Earth-Based-Measurement Resolution

Measurement

Horizontal Resolution

Remarks

"TOPOGRAPHY
Orbiter radar-shadow
" mapping, pole to
equator

~1/2 % 100 km

Vertical resolution
0-25 - 0.5 kIIl

Orbiter radar-
altimeter

Detects Venus elevation differences of 20 metqrs
based on averaging over 15 km dia, cireles 4t the
sub-orbit point from pole to equator,

Bistatic radar specu-
lar reflection mapping

100 - 200 km

Maps on Earth side

Earth based radar
1969 (measured)
1976 (expected)

~100 km (35°S to 35°N)
~5 km (10°S to 10°N)

Vertical resolution
~0.3 km
~0,15 km

SURFACE BRIGHTNESS
TEMPERATURE
Orbiter radar receiver,
13.5 cm wavelength

65 km at 600 km

Temperature resolution
1-2K
8° beamwidth

Earth-based radio

intexferometry at

11.1 cm wavelength
1969 (measured)
1976 (estimated)

1500 x 5000 km*
1500 x 5000 km

Temperature resolution
(model dependent)

~TK
~ 4K

VISUAL IMAGING
Vidicon television

2 km at 600 km

' 45“ field of view

on orbiter .
Telescope At quadrature (10% km)
and based on angular
] resolution of:
(a) on Earth ->100 km 0.25 arcsec
(atmosphere limited)
(b} In Earth orbit >20 km 0,05 arcsec 72" aperture

(diffraction limited)

*Based on 8 sec. of arc along the equator, 24 sec, of arc in a polar direction, and at inferior

conjunction.

61




6.2 ORBIT SELECTION

Orbit selection is based upon ob;‘:aining mapping coverage and sufficient
payload.

Because Venus is nearly spherical, an upper limit to orbit precession of less
than 0.004°/day is obtained and thus precession cannot be used to obtain
mapping coverage. We must depend upon the fact that the Venus surface
rotates under the orbit with a 243 day siderial period, The relation between
orbit periapsis position and radar mapping coverage is shown in Figure 22.

In Figure 23 we gee that large orbit payload capacity can be obtained by
increasing the orbit apoapsis altitude. A slight additional increase in orbit
payload capacity will also result from a decreased periapsis altitude. For
the 1976-77 mission considered here the 156 1b, payload requires an apoapsis
of 50,000 km. Table 14 presents the weights for this mission.

6.3 MAPPING INSTRUMENTS

6.3.1 Radar

The radar has a range of 1500 km¥*and furnishes 10 kw 300 ns
pulses at a rate of 375 pulses per second. The radar antenna,
shown in Figures 21 and 24, is programmed in elevation to look
at the sub-orbit point during each bus rotation. Beam path during
rotation is shown by the dotted lines in Figure 21.

A temperature calibrator is furnished to enable the radar receiver
and the 5 ft, diameter antenna to be used for determining the Venus
surface brightness temperature by measuring Venus 13.5 cm
radiation. -

The radar receiver will algo be used on the Earth side of Venus
for bistatic operation in conjunction with a separate S-band turn-
stile antenna system and other eléctronic adjuncts,

Radar receiver data storage will use a modified Nimbus HDRSS
tape recorder with 5 track storage totalling 6(10)® bits and with a
maximum input rate of 2(10)° bps. Two tape recorders are in-
cluded, The second recorder will be held in reserve,

*In order to insure good measurement data, radar range is based on a weak diffuse reflection from
the surfice. In the event of a high degree of specularity, radar range can be extended to include
apoapsis altitudes.
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Figure 22. Venus radar-mapping coverage for periapsis placement at 90°N, 0°N,
and 45°N. Coverage depends upon the fact that the Venus surface rotates under
the orbit with the 243 day sidereal period.
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Figure 23. Averaged values for payload in orbit as related to apoapsis altitude for the mapping orbiter. Reduced periapsis results in
slight additional payload capacity. For the mapping orbiter no provision is needed for in orbit periapsis change.



Table 14

Summary of Mapping-Orbiter-Mission Instruments and Weights
for the 1976-77 Mission Opportunity

Item Watts | In3 Lbs, | Total Lbs.
Monostatic radar
" Transmitter 34 300| 17.8
Receiver 6 220 | 13.2
A /D converter 2 40| 2.0
Two tape recorders 15*% 11180 30.0
5 ft. dia, antenna, mounting, and elevation
. 2 29.0
drive - E—
597 92.0 92
Bistatic radar (accessories) © 100 6
Surface - temperature-meagurement .
. 2 40 2
calibrator
Vidicon TV 20 850 30
2730% 130
20% contingency 26
156
Planetary Explorer bus (with propulsion) 590

Lift off weight 746

¥(ne operating at any time.
tMaximum battery power required for shadow operation.
fAvailable Planetary Explorer module volume 2740 in3.

6,3.2 Television

The vidicon television has a 1.5 ms, shutter speed, 800 line reso-
lution, and will present an output with 32 shades of grey. Field of
view is 45° and at right angles to the bus spin axis. Television data
will be stored on the radar tape recorder,

65



_.___\

— — — — — —— TR S — — — TR S— — —

——— — i et e

ToflF F ELECTRONICALLY
DESPUN ANTENNA
FOR EARTH

il abb bl COMMUNICATIONS
\ -

-

= | s——

LT
UL
X KRN

1
h]

INEN] ]

I
I
I
|
|
|
=
|
|
I
!
I
I

+90°

RADAR ANTENNA ELEVATION
1S PROGRAMMED

Figure 24. Radar antenna deployment.

66



6.4 STORAGE, COMMUNICATION, AND COVERAGE

SPACING OF ELEVATION MEASUREMENT STRIPS (DEGREES)

Mapping missions are characterized by the requirement for storage, trans-
mission, and processing of large amounts of information. For our first
mapping-migsion construction we have selected a storage capacity of u’ﬁ(IILIO)8
bits and use the P.E. electronically despun antenna to communicate fo the
DSN 210' antennas. Figure 25 summarizes the mapping orbiter storage,
communication data, and coverage relations.

a, Mapping days vs. Earth~Venus separation distance is shown.

END OF STEREOGRAPHIC COVERAGE

26 — 1.E., END OF GVERLAP OF SHADOW- —|
MAPPING. 50% MAPPING
24— COVERAGE OF EQUATOR

20—
EXCELLENT STEREOGRAPHIC
18 b— COVERAGE UP TO
. THIS TIME

14 — 14 —

\NUMBER OF ORBITS REQUIRED FOR__|
TRANSMITTING THE 6 (10)> BITS
OBTAINED DURING ONE ORBIT
OF MEASUREMENTS,

17 HR ORBIT PERIOD

START OF REDUCED
12 (— EQUATOR
SHADOW-MAPPING

10

[==]

SIDERIAL DAY

4 ENDS, —
EXPERIMENT

9 COMPLETED—} _|

2
ol v oo by v by o L1
\] 50 100 150 200 250
MAPPING DAYS
0. 45 0.6 0.8 1.0 1.2 1.4 1.6 1.1 1.13
EARTH - VENUS SEPARATION A, U,
6800 4000 2000 1000 800 600 500 450

MAXIMUM TRANSMISSION RATE FOR FIXED SYSTEM (bps)

Figure 25. A summary of storage, communication rate, and coverage relations is shown.
Sze text for explanation.
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6.5

b. Maximum transmission rate for a fixed communication system is shown
vs. Earth-Venus separation distance and mapping days.

¢. As the maximum traismission rate goes down, the number of hours (or
orbits) required to transmit the 6(10) 8 hits of stored data increases.

d. As the number of "transmission only' orbits increases, the spacing be-
tween elevation measurement strips on the Venus surface increases,

It can be seen, for example, that doubling the maximum transmission rate

or halving the total data stored for transmission, would halve the separation
of the elevation measurement strips and insure stereographic radar mapping
throughout the entire mission; or, if coverage were held unchanged, the

DSN effort could be reduced from continuous reception to half-time reception,

A more advanced gystem configuration might replace the presgent fixed
mounted 5' diameter antenna with a mechanically despun antenna with a pro-
grammed elevation control. In this configuration the same antenna would be
used for both radar observation of Venus and for communieation to Eaxrth.
While general stereographic coverage would remain unchanged a number of
advantages would accrue:

a. Aliitude measurement strips would be able fo be obtained from 90°N to
30°5, or from 65°N fo 65°S.

b. It would be possible to examine select objects with a 2 km by 2 km reso-
Iution by using the system as a coherent, side looking, synthetic aperture,
unfocussed radar.

c¢. Communication rate to Earth would increase by a factor of eight, Total
monitoring time by the DSIF would be reduced by a factor of eight.

MISSION STATUS
The above mission description incorporates the results of radar studies

(Reference 8) furnished for the mission series by H. J. Goldman* and
D, L, Roberts,*

* Astro-Sciences, T Research Institute.
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While only rudimentary study has been made of the surface temperature,
televigion, and bi-gtatic radar measurements and of the structural, thermal,
system operation, and orbit problems specific to 2 mapping mission, no
unusual or digabling problems have been identified. Considerable related
study and experience exists for each of the proposed measurements and for
. the required systems.
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7.

VENUS INTERIOR EXAMINATION (SEISMIC LANDER) MISSION

7.1 MISSION SUMMARY

Thirty minutes before encounter three entry probes are released from the
spinning bus, The two outer probes are released tangentially and the center
probe is given a small forward separation speed. The three probes enter

the atmosphere near the sub-Earth point and descend together as shown in
Figure 26. The bus is destroyed upon entry. The bomb probe reaches the
surface serveral minutes before the two seismic probes and awaits their
landing, The two seismic probes deploy parachutes at 0.5 km above the
surface; they land gently, one and two km respectively from the bomb, and
uncage their seismometers. The geometry of the landed positions is shown
in Figure 27. Three minutes after the seismic probes land, the bomb ex-
plodes, starting the active seismic experiment. In the first 20 minutes after
the explosion the seismic landers transmit the results of the explosion meas-
urements to Earth while at the same time gtoring for replay the measurements
obtained from any natural Venus quakes which occur during this 20 minute

h =2 RADII
RECRIENT SPACECRAFT
SEPARATE PROBES ’

ATMOSPHERIC |
ENTRY

M=0.6
REMOVE AEROSHELLS

>
o ¥
H
b
e
1.
go®
B
F7.N
N
W

ARM ALTIMETER
START TIMER
AT 50 ATMOS.
{6060 Km)

&

SENSE SURFACE AT 0.5 Km
DEPLOY PARACHUTES
EARTH.

%

TQUCH DOWN
SEPARATE PARACHUTE

P ) 0.5 Km MAX,

ELEVATION

Figure 26. Bomb and seismometer deployment.
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Figure 27. Geometry of the Venus active seismic experiment.

transmission period. During the final 40 minutes of lander life, Venus
quakes and atmospheric noise are monitored in real time.

The active seismic experiment is intended to determine the surface structure,
compressional and shear wave velocities, and the elastic and anelastic
properties of the surface material down to a depth of about 0.6 km. The
seismometers are also used during the probe life-time, to measure nearby
micro-earthquakes and natural seismicity. It is possible that significant
Venus quakes will oceur and provide information about the planet's interior
structure. Average and peak sound levels are also monitored,
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7.2

7.3

TARGETING

The placing of the bomb and seismometer probes on the Venus surface is
designed to obtain a minimum digpersion about the relative positions selected
for the landed probes., The probes are separated from the bus simultaneously
with identical spin rates; they enter the Venus atmosphere at the same time
with large and equal entry angles and have the same hypersonic ballistic
coetficients, Studies have shown that for these conditions, relative dispersion
during entry can be expected to be less than 20 meters.

The subsonic ballistic coefficients of the probes are equal and large, The
probes will pass rapidly through the high atmosphere where large and variable
winds may exist which, if allowed to act over long pericds, might cause large
relative dispersion,

Because of equal descent speeds, however, all probes will always be at the
same atmospheric level and thus dispersion will depend only upon the differ-
ence in wind speed over a horizontal distance of at most 2 km rather than
upon the wind speed itself. Since the winds near the surface are small,
changes in the horizontal distance hetween the landed bomb and the seismic
probes due to the 2-3 minute parachute descent of seismic probes time is
not expected to be significant,

Total relative dispersion is not expected to impare the active seismic
experiment.

Knowledge of the landed geometry of the seismic experiment will be obtained
by use of:

a., pressure measurements to determine local and relative altitndes;

-

b. microbarograph sound-arrival-time detection, and pressure and fem-
perature measurement, to determine the éver~the—-surface distance of
the seismometers from the bomb; .and

¢. a turn-around, 24 MHz, 5 watt radio-ranging device on the seismometer
probes to determine their over-the-surface separation.

The sides of the landed position triangle will be measured to better than 1%
if high surface features do not separate the landed probes.

THE. BOMB

Because of present uncertainty in the ability to penetrate the Venus surface
to a sufficient depth to achieve good explosion coupling, the bomb, Figure 28
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7.4
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Figure 28. Seismometer experiment ““bomb’’ probe.

and Table 15, i¢ designed for explosion on the surface. The explosion of the
bomb in proper relation to seismometer readiness is determined by timers
in both the bomb and the two seismometer probes. These timers, which are
started simultaneously at the time of release of the probes from the bus
vehicle, make allowance for surface elevation differences and are used for

-exploding the bomb and for programming the seismometer operation as

shown in Table 16.

Thermal control of the bomb is less a problem than for the landers because
its temperature limit is much higher, it has 2 much larger heat capacity,
and its operating lifetime is much shorter. The bomb is designed so that
the detonator and timer electronics are packaged in a small pressure vessel

. placed in the center of the explosive in order to take advantage of the heat

capacity and insulating properties of the explosive. Thermal control is
achieved by placing Min~K 1301 insulation on the outer surface of the bomb
casing to prevent the TACOT surface temperature from rising above 600°F
prior to defonation.

SEISMOMETER LANDER

It can be seen from Figures 26, 29, and 30 that before parachute deployment
the seismic probes are upside down with the communication anterma looking
downward., During this portion of the descent the communication transmitter

is pulsed at 5 watts peak power and used with a rudimentary homodyne receiver

to detect the approaching surface. At 0.5 km above the surface an 8 ft.
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Table 15

Bomb Weight Summary

Explosive (TACOT) .. . . ittt it i i ee e 50.0 lbs.
Electronics and timer ... .. e e e e 2.1
Insulation . ..o v v v ittt e e e i e 2.8
Electronics installation (pressure vessel and
SUPPOTL) + v v v v o v o i ettt st s s e s e e e 1.9
Explosive container ......... ces s oo s b es s 7.0
Pressure equalizer (bellows and adapter)........... .8
Insulation cover . . . .. . . i vt it i et e 3.8
Aerodynamic fins and installation . .. .. ... ... ..... 1.6
Shock attenuator and installation . . . . . v oo v v v v n s s e 9
Impactingweight: . . .. ... ....... .. .. . ... 70.9
Entry aevoshell . ............ e aenees e mae s 40.5
Structure 22.5
Heat shield
Front cone 13.0
Bage cover ~ 5.0
Yo-yodespin sySte€mM. « « v v v v e v e v v e v S e e e s 1.3
Pyrotechnic system for jettisoning aeroshell _
(including structural adaption). . . .. .. .o .o . 6.0
Entry weight: ................. e - .‘ . .118.7 Ibs,
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“Table 16

Mission Sequence of Events for the Assimption of a Level Landing .

Region at a Radius of 6050 km

Time Event - - Notes
(minutes) -
0 Start Himers on 3 prohes HSpacécraft command
2 sec Separate probes from bus Spacecraft command
24 Despin probes before entry B.C. = 0.475 slugs/ft.2 .
30 At M 0.6 sense 1 g decreasing, . .
.“separate aeroshell B.C.'= 3.8 slugs/ft.2
66 Activate altimeters on the P = 50 atmospheres
selgmic probes R =6060 km
76 Deploy chute on seismic probes B.C, = 0.22 slugs/ft.2
77.5 Bomb impact V=13m/s
79 Seismometer touchdown
Deflect chutes V =3m/s
80° - - Begin seismometer uncaging R
81.5 . .|[Transmit signal with pressure, 30 séconds allowed for
" | -temperature, and engineering data Farth station lockon.
82 Bomb detonation, Start active data . :
- . .. Timers in probes and
storage, 3; Continue fransmission bomb
. of P, T, E.. e i
. 82,25 Microbarograph active data complete i
~.82.5 Seismometer active data storage -
iy complete,
Initiate active seismic data
. transmission, - 30 bps
: ", | Deploy whip-aitennas for range - T i
measurements, make range .
‘fneasurements and store them,
83.5 Range measurements complete.
Begin passive seismic data storage.
104 Active seismic data transmission i
complete, = oL
Readout range data and transmiit. . Requires 130 sec
106 Range transmission complete.

End of active experiment.
Readout 'stored passive data.

Reqi:.i'reé 3 sec
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Table 16 (Continued)

Time Hvent Notes
(minutes)
106 Passive data transmission complete.
~ Begin real time monitoring of:
seismometers
miérobardgiraphs 30 bps
pressure
temperature
engineering data . .
140 Design mission complete. Surface operation of cne’
130°F hour at 6050 km
— 421 DIA, PARACHUTE FEET
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Figure 29. Seismometer probe entry and descent configurations.
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Figure 30. Seismometer probe landed configuration.

diameter glass-fabric parachute is deployed, the seismic probe is up-righted
and lowered to the surface at low speed. At touch-down the parachute is re-
leased and deflected by means of a small rocket, see Figure 26. Seismic
lander construction is described in Figure 30 and Table 17. The whip antenna
used for radio ranging between the two seismometers is shown in Figure 30,

The characteristics of the three axis seismometers are primarily based upon
the descriptions of seismic instruments for a Viking Mars lander. A three
axis unit is used since Iunar experience has shown that much information
would be lost should only a single axis unit be used. Since for short path dis-
tances there is little damping and high frequencies prevail, 2.20 Hz response
is used, Seismometer design will allow operation in the presence of lander
tilting of 25° or at higher angles with reduced sensitivity.
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Table 17

Seismic Lander Weight Summary

Internal equipment. .. ...... et teceeerenes 28.91bs,
Electronics and battery 21.3
Science 3.1
Seismic instrument . 4.5
Pregsure shell & @ v v v vt v v 4 et v s e o oo eveneeas 19.0
Waifle shell 14.2
Closure flanges and hardware 2.8
Internal mounting structure and penetrations . .. ... ... 5.8
Insulation (Min-K) and heat sink material ....... cee. 9.8
Insulation cover and closure joints . ......... se-2.. B0
Landing legs, fing, and mechanisms . ... ... .0 0vvuwun 10.0
Shock attenuator and installation ......... ceeevees 25
Parachute system ....... e s s e e Gt e ee e eea 5.0
Chute 2.5
Metallic harness and riser, fairing,
pyrotechnics and rocket 1.5
Parachute can, cover, its deployment and
Janding legs lock/release 1.0
Landed weight: ......... et E e e e e e . 84,0
Entryaeroshell, .. ...........coivuun... «.... 590
Structure 32.0
Heat shield
Forward cone 20.0
Base cone 7.0
Despin Yo-Yo gystem ., .. ......... e e e e ee... 15
Pyrotechnic system for jettisoning aeroshell .,....... 7.5

(including structural adaptation)

Eniry weight: .......... e e e e st e e e e e e 152.0 Ibs,
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Table 18

System Weight Summary
Seismic landers 2 x 152 304
Bomb . 119
423
Contingency (10%) 42
465
Adapter structure and deployment mechanism 75
Contingency (10%) ’ 8
Spacecraft v ‘ 266
Total launched weight 814

7.5 COMMUNICATION

The seismic landers both communicate directly to Earth at 30 bps by means
of a 5w S~band, non-coherent system using a 5 db crossed-slot antenna,*
Data encoding is at 8 bits per word, The first 30 seconds of seismometer
data following defonation is sampled at a high rate and stored for an imme-
diate 20 minute readout at the 30 bps transmission rate. During this 20
minute readout period for the active seismic experiment data, passive
seismic data is stored and processed for transmission in compressed form
at the end of the 20 minute period. The last half of the 1 hour mission is
used to transmit real time data taken at the low rate of two samples per
second.

7.6 DISCUSSION

The final configuration of the seismometer experiment may depend heavily
upon our knowledge of Venus obtained from preceding missions:

a. The meteorclogy probe mission will determine the severity of surface
conditions by measuring surface pressure and temperature, and obtammg
a rough estimate of the magnitude. of surface winds;

*Communication is to the DSN 210 fr. antennas.
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b. A penetrometer experiment on the meteorology probe or TV lander mis-
sion would explore the feasibility of use of a penetrating bomb to obtain
increased horizontal and vertical range for the active seismic experiment
and to perform a "Terradynamic'* experiment;

¢. Measurements of the surface dielectric coefficient during a mapping-
orbiter mission may give information as to surface packing fraction,
regolith thickness, and rock clasgsification.

If natural Venus quakes are found to be frequent, a follow-on experiment
might use a passive array of 2 or perhaps 3 seismic landers constructed
with conventional thermal design to last 25-50 hours. If they are infrequent
then attention must be devoted to devising the high temperature equipment
necessary for lifetimes of several years or more.

7.7 MISSION STATUS

This mission was developed as a company sponsored effort by Martin
Marietta (Reference 6). It is the result of a short period, but intensive ap-
plication of present scientific and technical knowledge to the total problem
of Venus interior examination,

*The estimation of surface properties down to the depth of penétration by means of examining the
acceleration profile obtained during penetration. Transmission of the acceleration measurement

is from a trailing wire. This méthod was developed by the Sandia Corp, and has had extensive
Earth use,
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8. VENUS SURFACE-INSPECTION (TELEVISION LANDER) MISSION

8.1 MISSION SUMMARY

Following entry into the Venus atmosphere at the sub-Earth position, 7° on
the light side of the morning terminator and 4° south of the equator, the
lander discards its heat shield and descends to the Venus surface. The
lander radar senses the approach to the surface at 1/2 km altitude and
causes the parachute and the lander legs to be deployed, see Figure 31,

On touch-down the parachute is released and is removed by means of a

ENTRY
AEROSHELL
DISCARDED
SUBSONIC
DESCENT

PARACHUTE AND LANDING
LEGS RELEASE AND
DEPLOYMENT

Figure 31. Parachute and leg deployment.
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small rocket, The zenith-seeking high-gain communication antenna, Fig-
ure 32, is uncaged and the soil sampling drill and the TV periscope, Figure
33, are deployed. The lander, following the schedule of Table 19:

a, chemically analyzes two samples of the surface soil;

b. obtains two. microscope images of the soil samples to determine their
petrographic nature;

¢. takes 10 TV pictures of the surrounding area, see Figure 34, with.
resolutions of from several millimeters to several tens of meters, and
ranges of from one meter to as much as 15 km depending upon lander
elevation, local lighting, and atmospheric conditions;

d. performs measurement of ambient pressure, temperature, and wind
veloeity. .

Lifetime on the surface is two hours.
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Figure 32. TV lander configuration.
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Table 19

Mission Sequence of Events

'I_‘une Event Notes
(minutes) )
~-13 Activate altimeter (timed function) P = 50 bars
R = 6060 km
Sense surface at 0.5 km B.C.pure = 0.22 sl/ft?
Deploy chute
Deploy and lock legs
0 Probe {ouchdown Nominal 6050 km
Release and deflect chute surface radius
Deploy antenna
Deploy TV optics
Activate soil sampler
2 Take first TV picture 30 seconds allotted
2.5 Begin to collect and transport soil
sample
Begin first TV transmission 8 minutes required
10.5 End TV transmission
Begin {ransmission of P, T, W, E
Take second TV picture
Begin soil analysis and store data
11 Begin second TV transmission
19 End second TV transmission
| Begin second P, T, W, E transmission
Take third TV picture Soil sample
20 Begin third {ransmission P, T, W, fol- Earth based evaluation
lowed by composition data from of first two-pictures
storage possible.
28 Take fourth TV picture
Repeat gequence from 2.5 minutes Second soil analysis
" complete at 58 minutes,
58 Continue pictures 8 through 12
100

’Completé automatic sequence
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Figure 34. Possible TV picture sequence. Numbers 3 and 6 rep-
resents microscope pictures of the soil sample viewed within the
lander.

8.2 COMMUNICATION

System design is determined by the requirement for transmission directly
to Earth, for command capahility, and for high data transmission rafe:

a., A sub-Earth landing point is required to minimize atmospheric attenua-
tion and to simplify pointing the lander antenna;

b. The 18 db parabolic antenna is capable of 30° tilt, I uses motor driven
gimbals controlled by a sensor within the pressure vessel as a means
to point the antenna to the zenith regardless of the {ilt of the landed

vehicle;

c, A20 _watt S-band transmitter is used to obtain a data transmigssion rate
of 2000 bps to the DSN 210 ft. anfennas,
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8.3

d. A command system is used to permit reprogramfning of the picture
sequence following examination of the first few pictures.

Since single picture transmission time is 8 minutes and round=-trip com=~
munication time is 12 minutes, roughly 20 minutes will be required before
the automatic control of the lander picture taking sequence can be inter-
rupted by command from Earth, Thus the first opportunity fo effect picture
control would occur at the beginning of the 4th of the total of 12 pictures.

Three kinds of data are transmitted to Earth: image data, stored mass-
spectrometer data, and real time science and engineering data. Image data
is read directly from the TV storage tube in analog form for conversion to
6 bit words and placed in format for direct trangmigsion to Earth. Stored
spectrometer data (3600 bits) is read out at the end of each sampling period
and interleaved with the real time transmission of atmospheric pressure,
temperature, and winds and engineering data. Thirty seconds is allowed
for this data prior to each picture transmission.

Since pictures on Venus are expected to lack high contrast, the use of TV
data compression of possibly 2 to 1 must be considered as a means of
doubling the number of pictures returned. The uge of data compression
would, however, require a real-time reconstruction capability at the DSN
in order to provide real-time picture viewing for command purposes,

The radar altimeter required o provide a signal for opening the parachute
at an altitude of 0.5 km will be provided by operating the communication
transmitter in a pulsed mode and switching its output to a downward looking
antenna,

LANDER INSTRUMENTS
A summary of the instruments is given in Table 20,
8.3.1 Television

The image tube is sufficiently sensitive to operate under moonlight
conditions and has a silicon-target imaging tube which can store
the image for more than a half hour for read-out at the desired bit
rate. Camera exposure will be automatically adjusted by a photom-
eter., Image resolution is 400 lines and each picture element will
resolve 64 light levels (6 bits/picture element) resulting in 9,7(10)°
‘bits per picture. Because the camera target must remain cool,
light from the area of interest is collected by a mirror mounted in
a boom which ig extended to 45 inches above the surface. This
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Table 20
Science Payload for 1981 TV Mission

Weight | Power | Dimensions| Bits/ | Samples/
. L Remarks
(pounds)| (watts)| (inches) | Sample| Mission
Panoramic TV
Camera system 12 14 |4 x6,6x12| 972 000 10 Operates. continuously
Mast and associated optics 5 - |2 dia, X 37 - -
Optics 1.5 = - - -
Motor drives 2 3 - - - Total operating time
15 mins,
Microsecope TV
Microscope, petrographic 6 3 8 X8 X3 972 000 2 8 minutes operating
time/picture
Connecting optics 1 - | 0.5 dia. - -
Sample collection and transport| 6 50 |small - -
Mass spectrometer surface 20 50 |[500 in.? 1600 2 Data based on mass~
composition analyzer spectrometer analyzer
Atmospheric pressure sensor 0.25 0.2 j2dia. x1 8 12
Atmospheric temperature sensor 0.25 0.5 |1x1x1’ 8 12
Anemometer 0.5 1.2 [1x1x2 8 2400 Samples 10 times/

second for twelve
20 second periods




Table 21
TV Landey Weight Summary

Internal equipment ..., .. c. 00 v e neasosan te v s e eas 86.2
Science 47.9 1bs,
Electronics j?.i

External equipment ........ e r e e e e e 18.8
Science 6.3
Electronics 6.6
Lights 1.0
Flares and launch mechanism 4,4

Heat sink material .. ... e et s e e 15.0

Insulation (Min-K at 13.0#/ft.%) ... ... ............... 25.0

Structure . ........ ft s et e Gt e s e a e ees. 92,1
Pressure vessel 32.0

Internali mounting structure 17.6
Soil sampler and TV mast mounting 2.4
Insulation cover 11.0
Body shock attenuator and mounting 1.3
Fins and base cylinder ) 13,0
Landing gear mounting brackets 1.2
Release and installation hardware 13.6

Parachute system ... ... ..... ..t it i iiennn. 6.3
Chute, risers 4.0
Harness, pyrotechnics, tractor rack 1.4
Canister cover, ejection springs W9

Landerweight. . . . ... .. ... ittt 248.4
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Table 22

TV Lander Probe - Total Weight Summary

Lapder weight . .. . . v ioi ittt i et i it e e e e 248.4 lbs.
Entry aeroshell (4 1/2! dia. o

50°cone 1/2angle) ... ot e e 98.0

Structure 56,0

Heat shield forward 30.0

Base heat shield 12.0
Pyrotechnic and Delfa structure for staging 18.0
Despinsystem . ......c00c0 v . 3.0
Entry weight: ........ ces e vt e s e e neas ce vt o m

Contingency (10%) 37.0
Adapter, separation mechanics, pyrotechnics, .. ....... 30.0

Contingency (10%) 3.0
Tnertia balance weights (to achieve required roll inertia) . . 48.0

Contingency (10% 4.8

490,2 -

Spacecraft . . . ... ... i iee e, ceeeaa.. 266,0
Total system weight . ... .00c0v 0 t et s e e 756.2
Taunch capability (1981 mission). .......... e eeeess 825.0 Ibs.
Margin . ..vovive v i nerrnneeacacseesas veese.a 068.81bs.

mirror is similar to that of the Surveyor TV camera and can be
rotated around the boom axis and in -elevation to scan the area

around the lander from the horizon to about 1 ft. away from the
surface point below the camera. The same gravily sensor that is
used for pointing the high gain communication antenna to the zenith
may be used to adjust the TV mirror system fo compensate for lander
tilt. By means of relay lenses and reflective optics the light from the
image area is conducted to the inside of the lander and focused on

the face plate of the camera tube,
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8.3.2

The na.tural illutnination of the Veénus sirface will bé known from
the Vernus meteorology probe migsion prior to the 1981 surface

inspection ‘mission, With suffi¢ient naturdl light the visual range

could be as far as-15 km- although our present knowledge indicates
that there Wwould be a complete diffusion of natural light which would

‘destroy-all contrast except for that achieved by color or reflectivity

variations.” Natural illumination will be-used for pittures of regions
more than 20 ft. away from the lander and the second picture in the
assumed seguence, see ‘Figure 34, covers-the horizon, This picture
is evaluated on Earth and provides information abouf the best range
and azimuth anglesfor the following pictures. Updating of the im-
aging controller on the-lander is'accomplished by command from
Earth.

If natural illumination is insufficient for imaging, small (0.5 lb.)
self-propelled rocket flares will be launched, possibly from the
periphery of'the lander antenna to insure accurate launching, toward
a point about 60 ft. above the imaged area and 200 ft. away from the
Iander. Near this point the rocket flares provide a bright 3 second
light source and illuminate equally the areas of the outer pictures

2, 7, 10, 11 and 12 which extend to a distance of 300 ft. These
images will have good shadows because of the large angle between
camera and light source.

For imaging of areas less than 20 ft. away from the lander, image
contrast can be enhanced by light sources attached to the lander.
Thus, regardless of the amount of natural illumination, reflector-
backed, filament, quartz lamps will be attached to the outside of the
lander for use in illuminating near-by areas. The 100 watt lamp cor-
responding to the programmed picture is turned on for approximately
3 seconds and during part of this time the camera tube is exposed.

For petrographic microscope pictures of the sample which has been
collected and brought into the pressure vessel for chemical analysis,
the image from the microscope is conducted to the camera by fiber
optics. The camera. is optically coupled to the microscope by flip~
ping a mirror into the light path.

Surface sample analysis.

Surface sample analysis involves sample collecting, TV microscope
viewing of the sample, and vaporization'of the sample for mass

‘spectrometer analysis.
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The sample collector, Figure 33, is placed within the root of one
of the lander fins and comprises.a small diameter, helical fluted
spindle with a fungsten carbide tipped drill. Spindle rotation at
8 rps is caused by a percussive drive which delivers many short

_ duration blows, causing the drill bit to generate small surface par-
ticles which are driven upward by friction between the rotating
particles and the tube wall, Near-the top of the spindle, centrifugal
force puts the surface sample particles into an inclined tube and the
particles drop into the sample air lock, Then the upper valve of the
air lock is closed and the lower valve is opened. The particles
then drop onto a sample transporter which supplies the petrographic
microscope and the composition analyzer.

8.4 MISSION STATUS
This mission was developed as a company sponsored effort by Martin Marietta
(Reference 6). If is the result of a short period, but intensive application

of present scientific and technical knowledge to the problem of Venus surface
inspection.,
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2.

PART 111
DISCUSSION

MISSION-SERIES OPTIMIZATION; RELIABILITY; LOW COST

Part II has presented a view of six different classes of Venus missions and
has indicated the scope of their science return. It is clear that, despite the
findings of the Mariner and Venera missions and Earth based measurements,
the ratio of future science return to future effort is large for Venus by com-~
parison with present exploration possibilifies for other planets. It is appar-
ent also that:

2.

The mission series will involve many kinds of experiments from a number
of different planet disciplines, many different experimenters, and a con-
stant return of new Venus information over a number of years. Experi-
ment planning and execution can be expected to benefit from more thought
and to proceed more reliably and at less fotal cost.

The mission-series can be planned to allow maximum use of new knowledge
in plamning the next sfeps in Venus exploration; a cost reduction feature,

. The mission-series can be planned to allow for a sensible failure rate,

i.e. the use of exploratory measurements which may produce negative re-
sults, in order to substantially reduce total mission-series cost.

The mission-series can be planned for maximum use of commonality in
order to increase the science return to cost ratio by means of lower con-
struction and testing costs and increased reliability.

Additional reliability is a feature of those missions where the bus ve-
hicle impacts the planet, Should the command capability to the bus be
lost following the third bus course=-correction, an automatic -probe-
release program will carry out the mission substantially as planned.
Should the automatic probe-release program fail, automatic release of
the probes from the hus will take place as the bus enters the sensible
Venus atmosphere and, although the intended probe placement will not be
obtained, there will be a major science return.

INSTRUMENT STATUS

The principal task of this document was to show that it is possible to place,
protect, operate, and communicate with the required instruments. Most of
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4.

the means are straight-forward applications of present technology. Protec-
tion of optical windows from possible "frosiing'’, for example, can be obtained
by focusing an infra~red spot of aperture size on the window, by resistance
heated apertures, or by maintaining a positive air pressure in front of the
window from a filtered air source, With protection accomplished, use of
most of the instruments—pressure gauges, temperature gauge, nephelometer,
seismometer, radar, etc,—differs little, if any, from past use.

For some instruments, however, additional testing is required or mechanical
and electrical adjuncis must be devised, Mass-spectrometer input leaks
exist which will allow continuous operation at 1 atmosphere and in principle
they can be used for several hours at 170 atmospheres and 750 K in a simple
series leak-and-ballast-volume arrangement. The arrangement must be
tested. If leak-inputs are unsuitable, then the principles of existing high-
pressure metered-input gas systems must be adapted to Venus use; no in-
tringic-difficuity has been seen. For a few possibly more difficult instrument
uses, such as a Venus surface chemical composition measurement, suitable
techniques and high temperature, high pressure components have been
identified.

In summary, most of the desired science return of the mission series can

be obtained with existing instruments. The necessary prineiples, technigues,
and components appear to be available for obtaining all of the desired
measurements, .

SYSTEM STATUS

No system design, construction, or operation difficulties have been identified
which would render any significant part of the mission-series hopelessly
inefficient or would place its achievement in jeopardy. The degree to which
the balloon inflation system can be reduced in weight, for example, will not
determine whether or not a circulation mission is possible but whether 6

or 9 balloons will be released at Venus,

While not all conceivable contingencies will be able to be coped with—a
seismometer probe stuck on edge between two rocks will fail to commumi~
cate to Earth—the proposed missicn~series is conceived so as to suffer least,
on the whole, from the intrusion of unlikely or unanticipated events.

MISSION-SERIES RATIONALE

As we examine the science return contemplated by the mission-series it is
clear that although the measurements of Mariners 2 and 5, and Veneras 4,
5, and 6, past Earth based measurements, and the anticipated Venus-Mercury
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fly-by results, have begun to excite the interest of geophysicists, and repre-
sent a valuable starting point, most of ocur measurement and understanding
of Venus will remain to be accomplished.

It is expected that additional work on the first and second phases of the study
will both expand and strergthen the rationale for the Venus mission-series.
The work to date indicates a low-cost,-efficient, reliable, sustained, high
yield program involving many disciplines and many scientists, suitable for
international participation, making maximum use of past Venus measure-
ments and future Earth based inspection of Venus.

The nearness of Venus to Earth and to the Sun, its similarity in size to
Earth, its possible similarity in origin, its dense atmosphere, its uniform
cloud cover, its high surface temperature, and its slow rotation make Venus
. the most interesting and at the same time the strangest of the inmer planets.
A growing number -of scientists believe that the scientific imporfance of
Venus is at least equal to that of any other object in the solar system and
that to explore and understand this planet and its atmosphere should be an
item of continuing priority in any planet exploration progress. They predict
that the study of Venus will force a re-examination of ideas; a return from
Earth-developed, difficulty-aveoiding, semi-empirical approaches to an ap-
plication of fundamental laws which will have a striking effect upon Geophysics
in future years, and Jead to a much better understanding of Earth's atmos-
phere and its present problems,
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GSFC No. 3609 Venus Model Atmosphere

APPENDIX A

95% CO,, 5% N, g, = 8.88 m/s? at 6050 KM Radius
Radius, KM Z, KM T, °K P, ATM Dens, G/M?3
6045 -5 7786 1.47D 02 9.99D 04
6050 0 738 1.09D 02 7.74D 04
6055 5 700 7.88D 01 5.92D 04
6060 10 663 5.63D 01 4.46D 04
6063 13 641 4,55D 01 3.74D 04
6065 15 624 3.94D 01 3.32D 04
6070 20 584 2.70D 01 2.43D 04
6075 25 544 1.8D 01 1.74D 04
6080 30 499 1,16D 01 1,22D 04
6085 35 455 7.19 8.31D 03
6090 40 411 4.25 5.44D 03
6095 45 367 2.37 3.40D 03
6100 50 327 1.23 1.98D 03
6105 55 292 5.91D-01 1.07D 03
6110 60 262 2,61D-01 5.24D 02
6115 65 249 1.07D~01 2.26D 02
6120 70 241 4.29D-02 9.34D 01
6125 75 233 1.66D-02 3.74D 01
6130 80 225 6.25D-03 1.46D 01
6135 85 217 2,27D-03 5.49
6140 90 209 7.98D-04: 2
6145 95 201 2.69D-04 7.02D-01
6150 100 193 8.71D-05 2.36D-01
6155 105 185 2.69D-05 7.62D-02
6160 110 177 7.92D-06 2.34D-02
6165 115 170 2,21D-06 6.84D-03
6170 120 190 6.44D-07 1.78D-03
6175 125 210 2.13D-07 5.33D-04
6180 130 210 7.42D-08 1.86D-04
6185 135 210 2.59D-08 6.50D-05
6190 140 244 9.87D~09 2,10D-05
6195 145 280 4,31D-09 7.94D-06
6200 150 336 2,15D-09 3.26D-06
6205 155 392 1.20D-09 1.55D-06
6210 160 471 7.36D-10 7.82D-07
6215 165 551 4.90D-10 4.42D-07
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95% CO,, 5%-N,

g, = 8.88 m/s? at 6050 KM Radius

.. Radius, KM Z, KM T, K P, ATM Dens, G/M?3
6220 170 630 3,46D-10 2.70D-07
6225 175 710 2,56D-10 1,.76D-07
6230 180, 710 1,93D-10 1.31D-07
6235 185 710 1.46D~10 9.81D-08
6240 190 710 1.11D-10 7.37D-08
6245 195 710 8.43D-11 5.55D-08
6250 200 710 6.44D-11 4,20D-08
6255 205 710 4,93D-11 3.18D-08
6260 210 710 3.79D-11 2,42D-08
6265 215 710 2.93D-11 1.84D-08
6270 220 710 2.26D-11 1.41D-08
6275 225 710 1.76D-11 1,08D-08
6280 230 710 1.37D-11 8.35D-09
6285 235 710 1,07D-11 6.45D-09
6290 240 710 8.,40D-12 5.00D-09
6295 245 710 6,60D-12 3.89D-09
6300 250 710 5.21D-12 3.03D-09
6305 256 710 4,12D-12 2.37D-09
6310 260 710 3.27D-12 1,86D~09
6315 265 710 2,61D-12 1.47D-09
6320 270 710 2.08D-12 1.16D-09
6325 275 710 1.67D-12 9,18D-10
6330 280 710 1,34D-12 7.29D-10
6335 285 710 1.08D-12 5,81D-10
6340 290 710 8.69D-183 4.64D-10
6345 295 710 7.03D-13 3.72D-10
6350 300 710 . 5,70D~13 2.98D-10
6355 305 710 4,64D-13 2,41D-10
6360 310 710 3.78D-13 1,94D-10
6365 315 710 3.08D-13 1,57D=10
6370 320 710 2,52D-13 1.28D-10
6375 325 710 2.06D-13 1,04D-10
6380 330 710 1.69D-183 8,50D-11
6385 335 710 1.39D-13 6.95D-11
6390 340 710 1,14D-13 5,69D~-11
6395 345 710 9.40D-14 4,66D-11
6400 350 710 7.74D-14 3.82D-11
6405 355 710 6.38D~14 3.15D-11
6410 360 710 5.26D-14 2,59D-11
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95% CO,, 5% N,

g, = 8.88 m/s? at 6050 KM Radius

Radiug, KM Z, KM T, °K P, ATM Dens, G/M?
" 6415 365 710 4,35D-14 2,13D-11
6420 370 710 3.59D-14 1.76D-11
6425 375 710 2.97D-14 1.45D-11
6430 380 710- 2.46D-14 1.20D-11
6435 385 710 2.04D-14 9.90D-12
6440 390 710 1.69D-14 8.19D-12
6445 395 © 710 1.40D-14 6.78D-12
6450 400 710 1.16D-14 5.61D-12
6455 405 710 9,63D-15 4,66D-12
- 6460 410 710 8,00D~15 3,87D-12
6465 415 710 6.64D-15 3.21D-12
64170 420 710 5.52D-15 2.6TD-12
6475 425 710 4.59D-15 2.22D~12
6480 430 710 3.81D-15 1.84D-12
6485 435 710 3.17D-15 1.53D-12
6490 440 710 2.64D-15 1.27D-12
6495 445 710 2,20D-15 1.06D-12
6500 450 710 1.83D~15 8.82D~13
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APPENDIX B

Orbit Characteristics for Venus

Peri P
Apoapsis Periapsis Orhit Ref, % O]fel:‘?Od a}taléla:)n‘fle
altitude altitude period alt. ref ref. alt
(k) (fem) (brs.) (kem) alt. (degrees)
10,000 1000 3.81 2000 18.8 112.8
5000 34.1 213.8
400 3.7 1000 9.5 88.6
2000 16.6 140.8
5000 35.1 226.2
200 3.81 1000 10.79 102.14
2000 17.36 148,96
5000 35.36 230.02
20,000 1000 6.52 2000 6.6 97.5
5000 154 179.2
10,000 30,1 245,0
400 6.34 1000 4.6 78.6
5000 15.9 192.2
200 6.18 1600 5.2 90,92
2000 8.28 131.38
5000 16.05 196.44
10,000 30,17 254,70
30,000 1000 9.70 2000 4.1 92,6
5000 9.5 168.5
10,000 17.8 226.4
400 9.45 10600 2.8 75.1
5000 9.7 181.6
200 9,22 1000 3.23 86,98
2000 5.12 125.36
5000 9.80 185.84
10,000 17.01 239,02
20,000 39.49 294,06
40,000 1000 13.4 2000 2.85 90.08
5000 6.57 163.30
10,000 i2.20 217.84
20,000 25.81 272.52
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Apoapsis Periapsis Orbit Ref. % of Period Path angle
altitude altitude period alt. below below

(km) (km) (hrs.) (km) ref, ref, alt.
alt, (degrees)

400 13.0 1000 1.99 73.34

5000 6.75 176.36

10,000 12.19 226,04

20,000 25.67 277.16

200 12.7 1000 2.26 84,98

2000 3.58 122,30

5000 6.80 130.60

10,000 12.18 228,78

20,000 25.62 278,72

50,000 1000 17,3 2000 2,14 88.58

5000 4,91 160.20

10,000 9.05 212.86

20,000 18.71 263.92

400 16.8 1000 1.49 72,26

2000 2.57 113.16

5000 5.05 173.22

10,000 9,04 . 221.20

20,000 18.58 268.94

200 16.4 1000 1.69 83.76

2000 2.68 120.44

5000 5,08 177.48

10,000 9.03 223,98

20,000 18.53 270.62
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