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FOREWORD

This final report has been prepared in accordance with require-
ments of Contract JPL-953311 to present data and conclusions
from a six-month study for the Jet Propulsion Laboratory by
Martin Marietta Aerospace, Denver Division. The report is di-
vided into the following volumes:

Volume I - Summary
Volume II - Supporting Technical Studies

Volume III - Appendixes
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INTRODUCTION

The material in this report summarizes the results of a six-
month study of scientific probes to explore the atmospheres of
Jupiter, Saturn, Uranus, and Neptune to a pressure depth of be-
tween 2 and 30 bars. Included are study constraints, science
and mission objectives, parametric analyses to define require-
ments, and definitions of four different probe systems.

The study consisted of five major tasks, shown in Figure I-1
with their relationship to each other. These tasks are (1)
define a nominal Jupiter probe system using nominal constraints
of a 1979 Type I mission, -20° entry angle, 5° latitude, 2 Ry

flyby periapsis, etc; (2) evaluate the subsystems defined by
reviewing NASA and Air Force programs for component availability,
cost impact, and sensitivity to the enviromment; (3) use the
nominal Jupiter probe as a '"reference'" for a program parametric
analysis in which the constraints are varied incrementally as
shown by 3a in the figure to define a reasonable set of alter-
native Jupiter probe constraints. Use these new constraints to
define two alternative Jupiter probe systems as shown by 3b in
the figure; (4) use data from the Jupiter probe definition to
conduct parametric activity to determine requirements for Saturn,
Uranus, and Neptune atmospheric entry as shown by 4a, 4b, and 4c
in the figure; and (5) define a Saturn probe with inputs from
Tasks 1 and 3 and assess the changes necessary to use it at
Uranus as shown by 5a and 5b in the figure.

To ensure that study results would be as objective as possible,
many outside contacts were made with interested scientists.
Martin Marietta has retained a group of consultant scientists

for assistance in the planetary program studies, and they pro-
vided many helpful suggestions and advice for this study. These
consultants include Dr. Richard Goody, Dr. Donald Hunten, Dr.
Michael McElroy, Dr. Robert Vogt, Mr. Harvey Allen- Dr. George
Wetherill and Dr. Alan Barrett. In addition, outside engineering
consultation was obtained in the areas of propulsion, thermal con-
trol, telecommunications, and power subsystems to determine com-
ponent availability and state-of-the-art technology.
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The study showed that a Type I Jupiter dedicated mission in 1979
with a nominal set of rission constraints such as a -20° entry
angle, 5° latitude and periapsis radins of 2RJ implies a probe

with an e¢jected weight of approximaitely 156 kg (344 lb), an entry
ballistic coefficient of 102 kg/m? and a two-step descent ballis-
tic coefficient of 18.9 kg/m? and 213.6 kg/m? to meet the science
measurement criteria. In addition, a Jupiter probe-dedicated mis-
sion in which the spacecraft performs the deflection maneuver for
a -15° entry angle, 30° latitude, and a flyby periapsis radius of
ZRJ, implies a less complex probe than the one above and has an
ejected weight of approximately 127 kg (2.80 1b) and satisfies the
gsclence measurement requirements with only 13 bars depth of pen-
etration into a cool/dense atmosphere. Compared with this probe-
dedicated configuration, the study also showed that a Jupiter
spacecraft-radiation-compatible mission in which the probe per-
forms the deflection maneuver, a -15° entry angle, 5° latitude,
and a flyby periapsis radius of 6RJ implies a probe of approxi-

mately 166 kg (365 1b) to meet the science measurement require-
ments.

The study also showed that a Saturn probe for a high inclination
JS 77 mission for Titan encounter with -25° entry angle and a fly-
by periapsis radius of 2.33 RS implies a probe with an ejected

weight of approximately 115 kg (253 1b) and satisfies the science
measurement requirements at a maximum depth of 7 bars with a de-
scent ballistic coefficient of 100 kg/m?. 1In addition, a comr. n
probe for use at Saturn or Uranus was feasible with a weight pen-
alty of approximately 2 kg to the Saturn probe.

The study is summarized in this chapter which is organized to pre-
sent first the general mission considerations and science prospec-
tus, which are of a generai nature that applies to several or all
planetary applicationa. These two major topics are followed by
the five probe system definitions: (1) nominal Jupiter probe sys-
tem, (2) Jupiter probe-dedicated alternative probe sy~tem, (3)
Jupiter spacecraft radiation-compatible alternative piobe system,
(4) Saturn probe system, and (5) Saturn probe applicability for
Uranus. These definitions are followed by the parametric analysis
summary for mission analysis of a general natuyrs. then cover
specific parametric analysis for Jupiter, Saturn, Uranus and Nep-
tune. Finally, this summary discusses the program from the hard-

ware availability viewpoint and then fronm the aspect of commonality.

I1-1
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MLSSION DESIGN CONSIDERATIONS

The purpose of this section is to describe the implementation of
the science goals and requirements through the design of the mis~
sion from launch to probe entry and descent. It consists of two
main trpics: (1) the general profile of a typical probe mission

to demonstrate the relationships between the various phases of the
mission; (2) an overview of the different missions and constraints
considered in the study. )

Mission lrofile

a. Launeh - The probe mission begins with a launch from the East~-
ern Test Range at Cape Kennedy. The prime launch vehicle 1is the
Titan IIIE/5-Segment Centaur with Burner II. Spacecraft include
the pioneer spacecraft or a Mariner ~lass spacecraft. The Pioneer
is gpin-stabilized and weighs 248 kg. The Mariner vehicle is
three-axis stabilized and weighs 500 kg. The spacecraft is launch
ed into a 185 km parking orbit and after a short coast is injected
on the interplanetary trajectory.

b. Tlanetary Approach - After the interplanetary cruise, which
may include a swingby of an intermediate planet or a phase under
solar electric power, the spacecraft approaches the target planet,
Befcre the end of this cruise phase, tracking is initiated for a
final midcourse maneuver that refines the approach trajectory to-
ward its desired value. The midcourse maneuver is assumed to oc-
cur 13 days before the deflection maneuver. It is assumed that
the execution errors of this midcourse are small and therefore are
dominated by tracking uncertainties at the time of the maneuver,
The control errors of the spacecraft following the midcourse are
therefore modeled as resulting solely from those tracking uncer-
tainties. Tracking uncertainties at the various planets have been
investigated for combined Doppler/range tracking, QVLBI (Quasi-
Very Long Baseline Interferometry) and optical tracking.

11~-2
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¢. Deflection - The deflection maneuver is performed at a range

of from about 5 to 50 million km from arrival at the target planet.

The deflection maneuver consists of three critical tasks: (1) The

probe is separated from the spacecraft and placed oun a trajectory ;
intersecting the target entry site; (2) the probe must be oriented

for zero relative angle of attack at entry, (3) the relative geo-

metry between the probe and spacecraft must be established fo. an

effective communication link. These entry conditions are illus-

trated in Figure 1l1-1 below.
\//
\ / Pre-Entry-
////// 1/ Probe

Oriented

Descent- for o = 0
Probe
Oriented
along Planet

T O~ Radius

VREL Y

¢ of Probe
Entry Attitude (o = 0) b. Optimal Relay Link Geometry

a. Zero Relative Angle of Attack ’

Figure II-1 Definition of Entry Conditions

As indicated, the optimal relay link geometry has the spacecraft
directly above the probe during the probe descent (on the para-
chute),
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Three distinct modes or operational sequences identified to per-
form this deflection maneuver are shown in Figure II-2 and sum-
marized in the following paragraphs

Mode 1 Mode 2 Modz2 3

Probe Deflection Shared Deflection Spacecraft Deflection

D B0, @
-tz " _ /‘4/{/

Oriont Correct Deflect
Deflect Probe Deflect Spacecraft Release gpacecraft
Probe Probe Probe

Figure II-2 Comparison of Deflection Modes

1) Mode 1 (Probe Deflection) ~ The spacecraft releases the probe
in the attitude required for deflection AV. After applying the AV
the probe reorients itself to the attitude required for zero angle
of attack at entry.

2) Mode 2 (Sharsd Deflection) - The spacecraft releases the probe
in the proper attitude for zero angle of attack at entry. The
probe fires a AV in that direction so it is deflected to the
entry site., The spacecraft then accelerates to achieve re-
quired communications geometry at entry,

3) Mode 3 (Spacecraft Deflection) - The spacecraft trajectory is
targeted to impact the entry site, The spacecraft releases
the probe in the proper attitude for zero angle of attack,

The spacecraft then orients itself and fires a AV to establish
desired flyby trajectory and communications geometry,

Thus, the first mode requires the most complicated probe. It must
be capable of providing the deflection AV as well as the preces-
sion and ACS maneuvers., The requirements for probe precession and
ACS maneuvers are removed in the second mode, The third mode re-
sults in the simplest probe because nominally all three require-
ments are removed and the full capabllity of the spacecraft is
exploited. However, some attitude refinement may be required in
the second and third modes because of tip-off and spin-up errors.

1I-4




a.  Entry and Descent - After deflection the probe remains dor~
mant for a coast period of 5 to 50 days; then about an hour from
entry, a timer is set off in the probe. The entry batteries are
activated, science instrument warmup is initiated, and spacecraft
acquisition is achieved. Engineering data on the status of the
probe and instruments is then transmitted, Shortly thereafter the
probe enters the planetary atmosphere. The nominal Jupiter probe
pre-entry transmission is terminated at the sensing of 0.1 g. The
peak deceleration and maximum dynamic pressure is reached in less
than half a minute after entry. Staging of the aeroshell at Mach
number 0.7 occurs less than a minute and a half after entry.

Following a timed interval from 0.1 g, the descent antenna is
activated. As the probe descends through the atmosphere, mea-
surements are taken and transmitted to the spacecraft for relay
to the Earth. The mission ends at pressures of about 10 to 30
bars and descent times of about half an hour.

Mission Constraints

The general mission constraints, mentioned earlier, are summarized
in Tables II-1 and II-~2, Both tables show the launch vehicle to

be the Titan IIIE with Centaur and Burner II upper stages. Although
the 5-segment Titan IIIE is emphasized throughout the study due to
the fact that it is being developed for Viking, +he 7~segment ve~
hicle has been considered for comparison purposes, The payload
capability for these vehicles is shown ir Figure II-3,

Many missions have been analyzed during the course of this study.
Table II-3 lists the missions most often referred to in subsequent
discussions. Missions A, B, C, I and J are the system design mis-
sions described fully in Chapter 1II, Sections C through G, Missions
D, E, and F are Jupiter probe-dedicated missions, similar to Mis~
sion A, but launched in different years, studied to determine the
impact of launch year, Mission G is an "optimal' Jupiter orbiter
mission, analyzed for the problems introduced by including a probe
on an orbiter mission. Mission H is a low inclination approach
trajectory consistent with a JS 77 mission, All of the data listed
in Table II-3 refers to the nominal design of the specific mission,
In many cases, parametric studies were made about this nominal de-
sign; thus, in certain sections, mission parameters will differ
from those given in the table.

A detailed discussion of general mission consideratiouns is found

in Volume II, Chapter IV and includes mission profiles, launch anu
interplanetary trajectories, approach orbit determination, planetary
encounter, dispersion analysis, planetary entry, and missions to
other planets,

LI-5
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Table II-1 Jupiter Study Constraints

Constraint

Nominal

Alternative

Mission
Periapsis Radius

Deflection Mode

Communciation Mode
Entry Flight Path Angle
Entry Latitude

Atmosphere

Deceleration Criteria
Descent Depth

Spacecraft

CARRIER operational Mode
Launch Vehicle

Type I, 1979
2 RJ

Probe

Relay
~20°
50

Cool/Dense

toM=<1
2 to 30 bars
MOPS
Flyby

Type I, 78, 80~81. 81.-82

6 to 7 RJ

Bus for Pioneer and MOPS; shared for Pio-

neer only
Direct
-10°; ~30°
30°; Polar

. Cool/Dense entry and nominal descent; nom-

inal entry and nominal descent

above 100 mb

2 to 30 bars

Pioneer; Mariner Family

Orbiter

Titan IIIE with Centaur and Burner I1

Table II-2 Saturn, Uranue,

and Neptune Study Conetraints

Constraint Saturn Uranus Neptune
Mission Type I, JS 77, Type I, JUN 79 Type I, JUN 79
JsT 77, Jsp 78,| JU 79, SUN 80 SUN 80
SUN 81-82, SUN SUN 81-82 SUN 81-82
82-83, SUN 84 SUN 82-83 SUN 82-83
SUN 84 SUN 84
Deflection Moda Probe Probe Probe
Communication Mode Relay Relay Relay
Entry Flight Path Angle -10° to ~30° <=45° ~10° to ~30°
Atmosphere Nominal Nominal Nominal
Deceleration Criteria To Mach < 1 above 100 mb
Depth of Descent 2 to 30 bars 2 to 30 bars 2 to 30 bars
Spacecraft Mariner Mariner Mariner
Carrier Operational Mode | Flyby Flyby Flyby
Launch Vehicle Titan IIIE with Centaur and‘Butner 11
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B. SCIENCE PROSPECTUS

The basic science questions that the nominal probe missio: will
attempt to answer were taken from the previous study (Ref 2) which
referenced a JPL document (Ref 3), and areg

1) What are the relative abundances of hydrogen, deuterium, helium,
neon, and other elements, and what are their isotopic compo~
sitions?

2) What are the present~day atmospheric composition and altitude
profiles of pressure, temperature, and density, and what effect
do they have on the radiation balance?

3) What are the chemical composition and vertical distribution of
the clouds?

4) What is the level of turbulence in the atmosphere?

From these questions, measurements to provide answers can be de-
fined, and are given in Table II-4,

Table II-4 Measurements Relevant to Objectives _

1. Determine the relative abundances ¢f H and He in the lower
atmosphere (below the turbopause)

2. Determine the isotopic ratios H/D, He3/He", Ne?0/Ne22, ¢l2/
cl3, A35/A%0 and others in the lower atmosphere,

3. Determine the concentration profiles of the minor atmospheric
constituents, particularly Ne, A, CHj, CH,, NH3, and H,0,
down to the design limit,

4, Determine the temperature versus pressure and time profiles
from above the cloud tops down to the design limit with
precision sufficient to ascertain whether the lapse rate is
adiabatic.

5. Determine the atmospheric mean molecular weight and identify
the major contributing gasses,

6. Obtain an indication of the vertical distribution and structure
of the cloud layers with respect to pressure and temperature,
and the chemical composition of each layer,

7. Obtain an indication of the magnitude and frequency of any
atmospheric turbulence from above the cloud tops down to the
design limit.

1I1-9

N
T




In general, there s no exact one~to-one correspondence between

the questions and observable measurements., Some questions re-
quire many kinds of measurements, while a single measurement may
contribute to several questions, The questions themselves are
strongly interrelated and an answer to one requires at least a par-
tial answer to others., The first four measurements listed in the
table are those that determine the bulk composition and general at-
mospheric properties. Each of these can be measured by one of the
SAG Exploratory instruments without additional data reduction, and
thus are the primary measurements. The fifth measurement, that of
determining the mean molecular weight of the bulk atmosphere, can
be accomplished primarily from mass spectrometer data with assist-
ance from the other instruments, and is also a primary measurement.
The last two measurements cannot be directly made by any of the
Exploratory pay-load instruments, but indications can be obtained
by all the instruments; thus these are considered secondary.

The science instrument payload was specified at the beginning of

the study to be the SAG Exploratory payload consisting of four

instrument types; a neutral mass spectrometer, temperature gage,

pressure gage, and accelerometer triad (Ref 1). The primary sci-

ence activities during the course of the study were (1) to estab-

lish measurements and performance criterila consistent with this

payload, based upon data from the previous study (Ref 2) and dis-

cussions with consuiting scientists; (2) to provide specific in-

strument characteristics to subsystem areas and to establish the \
word content of each instrument measurement and interface with :
the data handling system; (3) to determine the descent profiles

and instrument sequencing and evaluate the measurement performance

with respect to the criteria,

For the relevant measurements to be useful for mission design and
evaluation, criteria must be established with which the instrument
performance can be compared to assure that the particular design
will satisfy the objectives., Both depth of penetration (pressure)
and number of measurements are important. Table II~5 presents

the established criteria for each measurement, These criteria
were influenced by the previous study (Ref 2), the JPL Assessment

¢ Report (Ref 4), and discussions with a panel of science consultants
which included Dr, Richard Goody, Dr, Donald Hunten, Dr, Michael ‘
McElroy, Dr, Robert Vogt, Mr, Harvey Allen, Dr. George Wetherill H
.and Dr, Alan Barrett, ‘

e e N
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Table II-5 Performance Criteria

Minimum
Measurement Pressure Depth | Sampling Required
H/He Ratio 1 bar Minimum 4 Measurements at Dif-
ferent Pressures
Isotopic Ratios 1 bar Minimum 4 Measurements at Dif~
ferent Pressures
Minor Constituents To Design Limit| 2 per Scale Height be-
low Cloud Tops
Temperature To Design Limit| 1 per °K
Pressure To Design Limit ]| 2 per Kilomzter below
Cloud Tcps

Mean Molecular Weight 5 bars Minimum | 4 Measursments at Dif~
ferent Pressures

Cloud Layering To Design Limit| 2 Measurements Inside
Each Cloud

Turbulence To Design Limit| 1 per Kilometer below
Cloud Tops

The entry site on the planet should be selected so that it is both
relevant to the desired objectives and typical of the planet as

a whole, in order to permit extrapolation of the results to other
locations, The lack of optical or ionospheric instruments sim-
plifies the landing site selection considerations for all of the
outer planets, making lightside or darkside entries essentially
equivalent, with the exception of Uranus, which has its pole point-
ing toward the Sun sc that all solar energy is input into one
hemisphere, It is desirable to enter at least 20° into the Sun
side of the planet from the terminator. It would also be unac-
ceptable, for any planet, to enter close to the terminator because
the processes occuring here may cause atmospheric variations tnat
the instruments could not separate from normal conditions. Thus,
a corridor 6° wide centered on the terminator should be avoidad.
Note that this restriction is overruled for Uranus by the 20° mask
angle, because there is a large differential in atmospheric con-
ditions between the light and dark side which is not curtailed by
planetary rotation. Also, for Jupiter, it would be desirable to
avoid shear layers and very high velocity turbulence by entering
at a quiescent site.

Table 1I-6 shows the relationship of the SAG Exploratory instru-
ments to the measurements they are required to make, indicating
whether the measurement is indirect or direct.

II-11
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The a¢celerometers function both during entry und descent, That
used on both Viking and PAET is the Bell Aerospace Model X Sys-
tem which consists of one longitudinal and two cross-axis pendu-
lous, force rebalance acceleration transducers accompanied by an
analog-to-digital converter. To obtain a range of 10 2 g to 1600

g requires only a small modification in the flexure of the pendulous
proof mass and with new usec of hybrid microelectronics, the pack-
age will be no larger than that being used for Viking. The aigital
accelerometer system used in this study consists of four parts:

the analog accelerometer, pulse rate converter, onboard processor,
and an entry g sensor, all packaged in two separate components.

During the entrv phase of the mission, the accelerometers must
measure the entry g-load with sufficient accuracy to enable re~-
construction of the g-load versus time curve especially at the
peak g point, From this, the atmospheric structure can be de~
termined, The axial accelerometer i3 sampling at a rate of be-
tween 5 and 10 sampies/sec while the lateral accelerometers are
sampling at a raie exactly half of each of these.

After the parachute is deployed, a signal is sent to the acceler-
ometer processor to instruct it to switch the measurement mode

to descent, simultaneously with the deployment of the temperature
gage, During the descent phase, the objective of the accelerometer
is to determine the magnitude and frequency of the prob. response
to turbulence variations. This is done by making an analog sweep
of 8 to 15 sec duration and using onboard processing t> determine
the average value of turbulence, the peak value of *“urbulence, and
the number of average crossings. This is schematically pictured

in Figure II-4. This technique 1s used for the axial accelcrometer
and a combination of the two lateral accelerometers so that the re-

sult is a separate measurement of vertical and horizontal turbul-
1 ence.

e e A T € SLEA WG S DRI VSIS U e 0 xe o

Both the Viking pressure gage and the PAET pressure gage were con-

R sidered for use as a source that could be modified for the entry
probe. The PAET instrument is slightly lighter in weighi but sig-
nificantly amaller in volume, which translates into a savings in
supporting system weisht. Two PAET-type vibrating diaphragm in-
struments are required to cover the pressure range under consider-
ation; one has a range from a few millibars to about 1 bar and the
second covers the range from this point down to the design pres-
sure limit. The inlets are short and exit the probe body perpen-
dicular to the body and approximately perpendicular to the flow
streamline.

1I-13
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Figure II-4 Turbulence Accelerometer Measurements

A comparison of the sensor and deployment mechanism between the
Viking and PAET Temperature gages showed that they are very sim-
ilar. Only one gage is required for outer planet application,
The Viking temperature gage has a range of 100 to 400°K, and thus
is applicable without modification to Jupiter entries, although
minor modifications must be made for the remainder of the planets.
Figure II-5 shows the deployment mechanism for the temperature
gage used. In the deployed position, the temperature sensor pro-~
trudes 1-in, from the probe body. The instrument will begin sam-
pling with the other descent instruments as soon as the aeroshell
is released and the sensor deployed,

The neutral nass spectrometer is the primary instrument in the

SAG Exploratory payload making direct composition measurements of
the planetary atmosphere, The mass range is from 1 to 40 amu.

This is sufficient to measure the constituents that compose greater
than 99.9% of the expected Jovian atmospheres, The design used
here, wuile similar to both Viking and PAET, most closely resembles
one being proposed for the Pioneer Venus which must descend to

160 atmospheres of pressure. The analyzer, however, can be either
the Viking magnetic sector or the PAET quadrupole,

II-14
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The inlet system is of the remote sampling design, which uses
three porous sintered leaks and an evacuated ballast volume (Fig,
I1I-6) to control the pressure of the sample volume and consequently,
the flow into the analyzer. The magnetic sector instrument is a
double focusing type with an electrostatic analyzer that provides
both energy filtering and spatial focusing. The mass separation
is brought about by the magnetic field as in a conventional mass
spectrometer. The quadrupcle analyzer consists of four parallel
cylindrically hyperbolic electrodes upon which a dc¢ voltage and

RF field are superimposed. Mass scanning is accomplished by vary~
ing the field applied to the rods. The analyzer section of either
mass spectrometer is state of the art and available, The inlet
system requires further test and evaluation to verify the design,
The response time between gas entering the first leak from the
ambient atmosphere and the analyzer is about 30 sec, with good
possibility of obtaining < 10, sec., by reducing the sample volume
to the order of 0.1 cm3, However, a problem exists because of the
masses of the primary constituents existing in two different groups,
specifically 1-4 amu and 15-18 amu. The leak rates through the
sintered plug could be appreciably d.fferent, distorting the mea~
surements.

A laboratory model of this proposed inlet system has been built
and tested at Martin Marietta in Earth atmosphere under pressure,
and will soon undergo tests in a simulated Venus atmosphere, Sev~
eral laboratory experiments have been identified by this study
which need to be performed to aid in understanding the application
of this system to the Jovian atmospheres, In particular, they are!
(1) determination of the extent of mass discrimination by the mol-
ecular inlet leak through the analysis of known amounts of two
gases with widely separated masses, (e.g. H, and N;) with consid-
eration of the effect of variations in inlet system temperature;
(2) understanding of the condensation problem in the inlet system
by analysis of a gas with high concentrations of ammonia and/or
water at different temperatures; (3) investigation of the pumping
problems associated with the high concentration of inert helium in
the Jovian atmospheres; (4) complete analysis of a simulated Jovian
atmosphere containing H,, He, NH;, CH,, and H,0.

The sequence of science events for all of the entry probe missions
is approximately the same, with the times and pressures for oc-
curences varying. The instruments are turned on at least 5 min
before entry for warmup, with time increments due to trajectory
uncertainties added to this., The accelerometers immediately be-
gin sampling data but will not begin storing the deceleration data
from all three gfes until a g sensor associated with the acceler-
ometer processor senses the beginning of entry,
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On the missions investigated, entry varies from 19 to 79 seconds,
terminating when the probe reaches Mach 0.7. This occurs at a
pressure level of from 33 to 92 millibars in the design missions.
At this point the main parachute is deployed to slow the vehicle
to terminal velocity. After a l2~sec delay during which the aero-
shell is released, the descent measurements begin as the pyro-
technics deploy the temperature gage, first ejecting the plug, un-
covering the mass spectrometer inlet aperture releasing the vacuum.
The accelerometers are switched from cthe entry to the turbulence
measurement mode and the full set of descent measurements begins,
at a pressure range from about 40 to 120 millibars. These events
are preprogrammed and science data is stored because the space-
craft has not yet acquired the probe.

Atmosphere
Porous Inlet Leak - 2 Places
Variable Leak
Sample | —
Volume —~
(" ) -

Analyzer and
Electronics

/ Ballast

To Ion s:j
Pump L‘

Figure II-6 Mass Spectrometer Inlet System
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For descents into Saturn, Uranus, and Neptune, much higher bal~-
listic coefficients are required than for Jupiter, ¥For these mis~
sions, after a delay of about an additional 3 sec, the main para-
chute is released and a secondary parachute is deployed, All

four instruments for all missions collect data in the descent mode
and store it with the entry accelerometer data, After approximately
90 sec, the spacecraft acquires the probe and data transmission
begins, sending all the data subsequently collected back in real
time and interleaving the stored data,

The descent parametrics for each planet, including selection of
ballistic coefficients and instruments sampling times are detailed
in subsequent chapters. To meet the instrument performance cri~
teria , three distinct points in the descent are critical,

1) Descent where the temperature begins to increase, generally
2 to 4 min after chute deployment;

2) the first encounter cf clouds, which varies from 2 to 8 min
after deployment;

3) immediately after drogue chute deployment, when this occurs.

The design limit pressure is that point in a descent profile where

all of the requirements, within an overall set of constraints,

have been met by the actual performance, In this study, this over- \
all constraint was to descend to 2 to 30 bars depending upon the

"risk and cost effect'" of the higher pressi.res. Actual end of

mission varies from 7 to 30 bars.

The measurement that controls the depth is that of determining

the composition of the lovest (above 30 bars) cloud in the given

atmosphere with the mass spectrometer. The specific requirement

is to obtain two full mass spectrometer sweeps inside the cloud,

The design limit pressures that were determined in this study are
Y shown in Table II-7,

Table II-7? Design Limit Presgsures

Atmospher Cloud Pressure, bars
Jupiter, C/D H,0 13
Jupiter, Nom H,0 7.5
Saturn, Nom H,0 7
Uranus, Nom NH3 7
Nepture, Nom NH3 20
\
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C.

NOMINAL JUPITER PROBE SYSTEM DEFINITION SUMMARY

The constraints for this configuration follow.

Mission Type I, in 1979

Entry Angle -20°

Entry Latitude 5°

Depth of Descent and 30 bars in a cool/dense atmosphere
Atmosphere

Science SAG Exploratory playload (Viking)
Spacecraft TOPS

Carrier Mode Flyby

Periapsis Radius 2 RJ

Communication Mode Relay

Deflection Mode Probe

Ejection Radius 10x10€ km

Entry Ballistic Coefficient 0.65 slug/ft2(102 kg/m?)

Descent Ballistic Coefficient 0.12 slug/ft2(19 kg/m?)
and 1.5 slug/ft2(236 kg/m?)

Mission Definition

The Nominal Jupiter Probe Mission is described in Figure II-7 and
detailed in Table II-8. Important migsion design results are sum-—
marized in this section.

a. Interplanetury Trajectory Selection - The interplanetary tra-
jectory is pictured in Figure II-7(a) with 100-day intexvals noted.
The launch date of November 7, 1979 and arrival date of September
17, 1981 (trip time of 680 days) result in a maximization of the
payload weight as discussed in Volume II, Chapter IV, Section A.

As indicated in the figure, the spacecraft arrives at Jupiter
shortly before the view to Jupiter is obstructed by the Sun.
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Table II-8

a. Conic Trajectory Data

Nominal Jupiter Probe Migsion Summary

—
Interplanetary Trajectory

Launch Trajectory

Arrival Trajectory

Launch Date: 11/7/79
Arrival Date: 9/17/81
Flight Time: 680 days
Central Angle: 155°

Nominal C3: 93.6 km?/sec?
Nominal DLA: 30.5°

Launch Window: 1.17 hr
Parking Orbit Coast: 36 min
C3; (10 day): 97.5 km</sec?
Cy (20 day): 105 km?/sec?
Azimuth Range: 101.7° - 115°

VHP: 8.474 km/sec

RA: 161.3°
DEC: 6.81°
ZAE: 145.2°
ZAP: 141 .4°
RP: 2 R
INC: 10°

b. Deflection Maneuver and Probe Conic

Deflection Maneuver

Probe Conic Definition

Deflection Mode: Probe
Deflection Radius: ~10 x 10% km
Coast Time: 9.75 days

4V: 221 m/sec

Application Angle: 116°
Qut-of-Plane Angle: 0°

Rotation for Probe Release: 81°
Probe Reorientation Angle: -53°
Spacecraft AV from Earth: NA

Entry Latitude:
Entry Longitude:

Entry Angle: -20°
5.0

88.9

Lead Time: 45.8 min

Lead Angle: -12.05°

Probe-Spacecraft Range (Entry): 96,742 km
Probe Aspect Angle (Entry): 43.9°

Probe Aspect Angle (Descent): 21.0°

Probe Aspect Angle (EOM): 4.7°

¢. Dispersion Analysis Summary

Naviation Uncertainties

Execution Errors (3:)

Dispersions (3:)

Type: Range-Doppler 1l67-day arc
SMAA: 1482 km

SMIA: 139 km

g: 88°

TOF: 54 sec

’V Proportionality: 1A
LV Pointing: 2°
Prcbe Orientation Pointing:

20

Entry Angle: 1.1°
Angle of Attack: 2.5°
Down Range: 2.02°
Cross Range: 0.80°
Lead Angle: 4.4°

Lead Time: 7.4 min
kntry Time: 8.0 min

d. Entry and Descent Trajectory Summary

-~

' Critical Events
Altitudes
Entry Parameters Descent Parameters Time from Entry above 1 atm
! Entry Velocity, km/sec: 60 Descent Atmosphere: g = 0.1, sec: 6.0 |km: 182
; Entry Altitude, km: 304.6 Cool/Dense Max g, sec: 12 km: 65
‘ Entry B, slug/ft¢: (.65 EOM Pressure, bar: 30 M=0.7, sec: 34 |km: 32
kg/m?: 102.1 Descent B, slug/ft<: Descent lime, min:
Entry Atmosphere: slug/ft’: 0.12 33.3
Cool/Dense kg/m?: 18.84 EOM, min: 33.8 km: -85
Max Deceleration, g: 1500
Max Dynamic Pressure,
1b/fe?: 2.1 x 10%
kg/m?: 1.0 x 108
11-21
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U. Launch Analysis - The launch analysis is provided in Figure
II-7(c). Available payload is plotted against launch period for
three sets of launch vehicle performance data: standard data for
the Titan 5-Szgment vehicle with and without Burner II plus up-
dated data for the Burner II. For reference, the payload weight
(probe, spacecraft, spacecraft modifications, and spacecraft-
launch vehicle adaptor) is about 454 kg (1000 1b) for a Pioneer
mission and 680 kg (1500 1b) for a MOPS mission. Thus, the Bucner
I1 option is necessary for a MOPS~type mission to obtzin a 20-day
launch period. The nominal launch trajectory summarized in Table
11-8(a) indicates that the daily launch window and parking orbit
coast time are satisfactory.

e. Approach Trajectory - The approach trajectory is pictured in
Figure II-7(d) and summarized in Table II-8(a). The spacecraft
trajectory was selected with a periapsis radius of 2 RJ to obtain

a good communication geometry between the probe and spacecraft
during the probe descent phase. The inclination of 10°, with
respect to the orbital plane of Jupiter, was chosen so that the
probe entry site defined by a latitude of 5° and an entry angle
of -20° could be achieved with an in-plane deflection. The com-
munication geometry chosen has a lead angle of -12,05°, probe
leading spacecraft at entry, so that the probe aspect angle at
the start of descent is 21°, passes through zero during descent,
and is 5° at the end of the mission (EOM).

d. Deflection Maneuver ~ The probe deflection mode was used for
the deflection maneuver for this mission. The deflection maneuver
is illustrated in Figure II1-7(c) and summarized in Table II-8(b).
The deflection radius of 10 million km resulted in a AV of 221
m/sec and a coast time (time from deflection to probe entry) of
9.8 days. The AV 1s applied at an angle of 116° to the approach
asymptote and is in the plane of the spacecraft trajectory. The
spacecraft must rotate 81° from its Earth-lock attitude to release
the probe. After firing the AV, the probe must precess 53° to
obtain the attitude required for zero relative angle of attack.

e. Dispersion Analysis - The .avigation and dispersion analysis
results are summarized in Table II-8(c). The navigation uncer-~
tainties have little impact on dispersions st entry, even assum-
ing only a standard range and Doppler tracking arc. All the

entry parameter dispersions are within satisfactory tolerances.
The communication parameter dispersions are discussed in the tele-
communication subsection.
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f. Ikntry and Descent Trajectories - Table 1I-8(d) summarizes
the entry and descent phases of the mission. The cool/dense
atmosphere model is used for both phases of this mission. The
entry phase starts at 304.6 km above the 1 atm pressure level

(0 km alt - 71,726 km) and ends at the staging of the aeroshell
34 sec later. During this phase, the peak deceleration of 1500
g is attained. The descent phase starts after staging and lasts
until the end of the mission at 30 bars. The total mission time
(entry and descent) is 33.8 min.

2. Science

Many of the mission characteristics of the numinal Jupiter probe
were specified by the statement of work. The science instruments
were specified to be Viking-derived wherever possible. The tem-
perature gage is the Viking parachute phase instrument; its range
of operation is sufficient for the Jupiter probe. Two pressure
transducers are neccssary to cover the pressure range required.
One can have a range similar to that of the Viking instrument
(0-300 mb) and the other must have a larger range. The accelerom-
eter triad is the Bell Model IX 3-axis system with pulse rate
convertor, with a modification to scale up the flexure for 1500 g
peak load. The proposed neutral mass spectrometer deviates from
Viking, but is considered to be a magnetic sector analyzed with

a porous leak remute inlet system. The characteristics are com-
patible with Viking derivations.

e L

The nominal Jupiter probe analysis considered only the cool/dense P
atmosphere and the descent profile (Fig. 1I-8) was chosen with

this assumption. Also, this initial task was to determine what

was necessary for descent to 30 bars. The resulting parameters

that were chosen to be consistent with the criteria are:

Design pressure limit - 30 bars

Main parachute ballistic coefficient - 0.12 slug/ft? (18.84 kg/m?)

Drogue parachute ballistic coefficient - 1.50 slug/ft? (235.5 kg/m?)

Separation Pressure - 10 bars

Parachute deployment pressure = 92 millibars

Pressure at first measurement = 111 millibars

Entry Time = 34 sec

11-23
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Descent Time - 33 min, 6 sec

Instrunent Sampling Times:
Tamperature and Pressure - 5 sec
Neutral Mass Spectrometer - 50 sez
Entry Accelerometers - 0.1/0.2 sec
Descent Accelerometers - 10 sec

Total bit rate - 28.0 bps

All performance criteria were satisfied.

System Integration

Figure II-9 shows a typical sequence of events pictorially and
shows the relationship between the spacecraft end probe. A de-
tailed sequence was generated for this and all other configura-
tions for the purpose of determining time for acquisition, times
for various power loads, etc. These sequences are discussed in
Volume II.

A typical functional block diagram is shown in Figure 11-10 for
this configuration and all others, except for the probe-dedicated
alternative Jupiter mission, For that exception, the piupulsion
subsystem is deleted and the ACS propulsion is very simple. This
figure shows the relationship of each subsystem as well as the
electrical interface with the spacecraft before and after the
probe separation.

A data profile and power profile were generated for this and all
other configurations. These are shown in Figures II-11 and I1-12,
respectively. These are similar for all configurations except

the probe-dedicated alternative Jupiter probe, which has a very
short separation phase during the time engineering data is not
recorded; therefore, the pcwer demand occurs at pre-entry.

A weight summary was generated for this configuration as presented
in Table II-9,
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Table II-9 iominal Jupiter Probe Weight Summary

Probe Breakdown Weight, kg
Science 8.66
Power and Power Conditioning 5.91
Cabling 5.44
Data Handling 2.13
Attitude Control, dry 11.76
Communications 3.61
Pyrotechnics 6.31
Structures and Heat Shield 61.92
Mechanisms 7.71
Thermal 7.44
Propulsion, dry 3.85
Propellant 12,16
Engineering Instrumentation 0.0
15% Margin 20.54
Ejected Weight, kg 157.46
Entry Weight, kg 106.34
Descent Weight, kg 41.93

Telecommunications Subsystem - Definition of the telecommunications

subsystem for the nominal Jupiter probe system was linked heavily
with design of the probe trajectory. The mission optimized com-
munication parameters in order to minimize the RF power required.
Many changes were made in periapsis radius, lead time, and bal-
listic coefficient in order to arrive at a trajectory that places
the spacecraft overhead at the end of the mission and minimize
several RF power sensitive parameters. The objective was to have
minimum communications range and probe aspect angle at mission
completion.

The subsystem characteristics are summarized in Table II-10 and a
functional block diagram is shown in Figure II-13.
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Table II-10 Telecommunications RF Subsystem for the Nominal Jupiter Probe

CONDITIONS: PlanetiJupiter S/C: TOPS FREQUENCY: 1 GHz BIT RATE: 28 bps

COMPONENT CHARACTERISTIC UNIT VALUE
Transmitter RF Power Out W 25
Overall Efficiency A 45
DC Power in at 28 V dc¢ W 55
Total Weight . kg 2.7
1b 6.0
RF Switch Type Mechanical
Insertion Loss dB 0.3
| Weight kg 0.23
1b 0.5
Entry Antenna Type Spiral on Cone
Main Beam Angle deg 33
Beamwidth deg 35
Maximum Gain dB 6.2
Size (1 x diameter) cm 27 x 22.5
in. 10.6 x 8.8
Weight kg 0.45
1b 1.0
Descent Antenna I Type Turnstile in Cup
| Main Beam Angle deg 0
Beamwidth deg 110
i Maximum Gain dB 5.2
‘ Size (diameter x h) cm 18.8 x 7.6
in. 7.4 x 3.0
| Weight kg 0.23
1b 0.50
Spacecraft Antenna Type Helix
Beamwidth deg 45
Maximum Gain dB 12.3
Size (1 x di meter) cm 51 x 9.5
in. 20 x 3.75
Weight kg 2.27
' ib 5
Despin No
Position Search sec 1
Frequency Acquisition deg 35
Clock Angle, 6 deg ~-94
Cone Angle, ¢ deg 100
Spacecraft Receiver Noise Temperature °K 300
Noise Figure dB 3.1
DC Power in at 28 V dc W 3.0
Weight kg 0.9
1b 2.0
I11-31
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5. Data Handling Subsystem

The selected configuration (Fig. II-14) is a special purpose DHS
that contains those functions which are necessarily centralized
and must be retained in the common subsystem. These functions
consist of synchronization, sequencing, and formatting. In addi-
tion to the low capacity buffer memories required for formatting,
a science data storage memory is included primarily for entry
deceleration data. The design size and weight are based on bi-
polar IC electronics, hybrids, and standard piece parts. A dis-
cussion of the design configuration details is contained in
Volume II, Chapter V, Section B.5; and integrated discussion of
data handling alternatives is contained in Vol III, Appendix H.

The physical characteristics were based on estimates of the num~
ber of devices required for each function. These estimates re-
sulted in the following physical characteristics: volume 142 in.3;
weight 4.7 1b; and power 6.9 watts. The weight of the memory was
based on an estimate from Electronic Memories (Division of Elec-
tronic Memories and Magnetics Corporation). The estimate for a

7 kb bipolar IC memory (8 kb card) is volume 6.5x4.5xU.25 in.,
weight 0.5 1b, power 6 watts. This has been used as a basic build-
ing block for the cost of memory capacity. The resultant total
weight for the nominal Jupiter probe DHS and memory is: voiume -
158 in.3; weight 5.7 1b; and power 18.9 watts.

6. Power and Pyrotechnic Subsystem

The subsystem (Fig. II-15) is divided to two sections: (1) the g
post-separation subsystem which consists of a central power con-
ditioning unit that provides power to attitude precession logic,
thrust control electronics, pyrotechnic data handling and RF sub-
system; and (2) the entry and descent power subsystem which con-
sists of power distribution (relays) and isolation power filters.
Required power conditioning is implementecd in the user subsystem
electronics. Primary power is provided by separate remotely ac-
tivated Ag-Zn batteries for post-separation and entry/descent
periods. A mercury-zinc battery provides power (40 V) for
capacitor bank charging for the first pyrotechnic battery event.
A self-contained Hg-Zn cell provides power for the Accutron coast
timer. Pyrotechnic circuitry is similar to Viking designs and
estimates are derived from that program. A discussion of the
power and pyrotechnic configuration may be found in Vol II, Chap-
ter V, Section B.6 and Vol III, Appendix G. The physical char-
acteristics of the electronics, conversion equipment and filters
are based on similar subsystems and engineering estimate.
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The remotely activated batteries were estimated from the weight
chart in Appendix G with an assumed 13.7 in.3/1b volume. Capac-
itor banks, pyrotechnic relay control and power distribution
(relay) characteristics were based on part count and known volume
and weight of the elemerts. The physical characteristics of these
subsystems are tabnlated. A more complete description of th. se
subsystems may be found in Volume III, Appendix G.

Power Subsystem Size, in.3 Weight, 1b
Post-Separation Battery 94 6.9
Entry Battery 56 4.1
Hg-Zn Battery 4x2 in, diameter 0.9
Power Conditioning 40 2.0
Power Distribution 10 1.0
Pow.r Filters 20 2.0

Pyrotechnic Subsystem

Electronics 75 2.0
Relays 91.8 6.6
Capacitor Banks 100 1.85

Attitude Control Subsystem

The attitude control subsystem (Fig. I1-16) consists of srnsors
(solar aspect angle and planet sensor) sector and data processing
logic, cold gas precession and spinup subsystem, and a nutation
damper. Solar aspect angle and the angle betueen the Sun and the
planet referred to the probe spin axis are measured. The measure-
ments are processed to develop a precession program which is then
implemented by sector logic control. A period of six hours is
allowed for the maneuver to enable the nutation damper to remove
excessive nutation during this period. A discussion of the con-
figuration of the ACS is contained in Vol Ii, Chapter V, Section
B.7, and Vol III, Appendix F.
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The estimated physical characteristics of the attitude control
subsystem are:

Size, em® (in.?3) Weight, kg (1b) Power, watts

Sun Sensor 228 (14) 1.59 (3.5) 2.0
Jupiter Sensor 130 (8) 0.91 (2.0) 1.0
Electronics 1630 (100) 1.36 (3.0) 2.0

Structures and Mechanical Subsystems

The nominal Jupiter probe consists of a descent probe, an entry
module, a service module, and a deflection maneuver motoxr. The
descent probe accommodates the scientific instrument complement
and the supporting electrical and electronic components to fulfill
the desired mission. These components are housed within the
descert »nrobe and supported off an equipment support deck which

in turn is thermally isolated from the outer shell. The descent
probe is completely encapsulatec for planetary entry within a
forward =zeroshell/heat sh. :1d structure and an aft heat shield
cover, providing pro-ection of the descent probe against the

entry heating and a:cady.amic pressures. A service module con-
taining the atcitude control system is attached to the af. end of
the entry module to provide attitude stabilization and attitude
control of the probe from spacecraft separation until just before
pianetary entry. This unit is expended and ejected from the entry
probe just before planetary entry. A solid propellant rocket
motor attached to the aft :nd of the service module to provide the
deflection man: ‘rer delta velocity, completes the configuration of
the Jupite- prc .. The nominal Jupiter p—obe ia its various mis-
sion nhat . .onfigurations is shown in Figure II-17. The probe is
0.94 = ( 7 ip.) in diameter, 0.92 m (36.3 in.) long, weighs
157.5 kg (347.3 1lbm) at spacecratt separation. The length is re-
duced to 0.535 m (21.1 in.) and weight is reduced to 106 kg (234
lbm) before entry. The descen: probe is 0.483 m (19.0 in.) in
diameter, 0.457 m (18.0 in.) long, and weighs 41.5 kg (92.6 1lbm).

The structural design of the nominal Jupiter probe uses all high
strength aluminum alloy construction. This is possible because of
the thernal protection provided at 2utry by the surrounding heat
shield both on the nose and on the aft end of the entry probe.
(The aeroshell is assumed to be below 300°F at peak loading.) The
probe is designed "o withstand the entry deceleration of 1500 g
encountered at entry iato the Jovian atmosphere. The aeroshell

of thu nose cone 1s designed to withstand the peak dynamic pres-
sure of approximately 1.13 x 10® N/m2 (23500 psf), and is sized to
provide a ballistic coetficient of 102 kg/m? (0.65 slug/ft2).
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This coefficient provides a deceleration of the probe at entry to
a velocity of Mach 0.7 at a pressure altitude of approximately 100
millibars, meeting scientific requirements for staging of the
descent probe and the beginning of the descent mission.

The descent probe uses two parachute stages for descent. The

first parachute, deployed at 100 millibars pressure, is 2.46 m

(7.5 ft) in diameter and provides a descent probe ballistic co-
efficient of 18.9 kg/m® (0.12 slug/ft?). This baliistic coef-
ficient satisfactorily provides adequate separation force to

pull the descent probe from the aeroshell at staging and the de-
sired initial rate of descent for the descent prcbe. It is mortar-
deployed using a pyrotechnic energy source, and upon being jet-
tisoned after initial descent, pulls out the secondary parachute
Lor more rapid descent toward the end of the mission. The second-
ary parachute is quite small, 0.45 m (1.0 ft) in diameter, and
provides a ballistic coefficient for final descent of 236 kg/m2
(1.5 slug/ft?). The entry heat shield uses a high density ATJ
graphite ablator on the nose with a carbonaceous backface insulator.
It has a mass fraction of 0.317 (heat shield weight/entry weight).
The base cover heat shield uses an ESA 55000M3 ablator to protect
the base of the probe.

9. Propulsion Subsystem

The propulsion subsystem for the nominal Jupiter probe consists

of a spherical, solid-propellant, rocket motor to provide the re-
quired deflectinn maneuver delta velocity of 221 m/sec (725 fps).
It also consists of a cold gas (nitrogen) attitude control system
providing a spin-despin-precess maneuver. For the attitude con-
trol of the probe after spacecraft separation, this system pro-
vides a spinup of the probe to 10.5 rad/sec (100 rpm) and then a
precession maneuver through an angle of 0.87 rad (51°). The probe
is despun to 0.52 rad/sec (5 rpm) before entry to provide reduced
attitude stability for planetary entry.

The rocket motor to provide the deflection maneuver is a spherical
solid propellant rocket motor weighing 14.5 kg (32.0 1lbm) and con-
taining 10,6 kg (23.5 1bm) of propellant. It uses two exhaust
nozzles mounted at 0.78 rad (45°) with respect to each other, pro-
viding protection against impinging the carrier spacecraft with
solid propellant waste products from the motor at probe separation
from the spacecraft. The motor is 0.246 m (9.7 in.) in diameter.
The motor is shown in Figure II-18.
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10.

The cold gas attitude control system consists of pairs of 4.4 N
(1.0 1bf) nozzles mounted around the periphery of the entry probe
to provide the required torques for the spin and despin maneuvers.
A single nozzle mounted parallel to the spin axis along the probe
circumference provides for the precession maneuver. This nozzle
is pulsed for 0.78 rad (45°) of probe spin, once each revolution,
until the precession is complete. The cold gas propellant re-
quired for the attitude control system is 1.48 kg (3.27 1bm) to
perform the spin—-despin-precess maneuver, and finally eject the
service module. The total system weight is 6.67 kg (14.72 1bm).
The schematic of the system is shown in Figure II-19,

Thermal Control Subsystems

Thermal control is required to maintain the probe equipment within
acceptable temperature limits throughout all phases of the outer
planet mission. For the nominal Jupiter probe, the thermal de-
sign concept consists of multilayer insulation, thermal coatings
and radioisotope heaters for the spacecraft cruise and probe

coast phases. For the entry and descent portions of the mission,
the probe relies on sufficient thermal inertia and low density
foam insulation protection internal to the probe shell.

The pivotal temperature from a standpoint of thermal design is the

probe temperature at the end of the mission coast phase. For the

nominal Jupiter probe (cool/dense atmosphere), the primary thermal

problem is one of losing too much thermal energy to the atmospheric

environment during descent. The probe entry temperature, there-

fore, must be adequate to allow sufficient leeway ror probe cool- -
ing. Likewise, however, the probe equilibrium temperature during

the long duration spacecraft cruise must be safely helow the upper

allowable battery storage limits (Chapter V, Szction A.10.d in

Vol II).
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A probe thermal analysis was performed for the defined nominal
Jupiter probe mission. On the basis of these thermal analyses,

a complete thermal history of the nominal Jupiter mission was
constructed and is presented in Figure II-20. The spacecraft
cruise and coast temperatures are determined based on the r:dio-
isotope heater power present and the degree of solar energy ab-
sorption during the coast phase. The probe temperatures re- re-
sent the aggregate internal equipment, which includes the service
module during cruise and coast. The RF transmitter is shown sepa-
rately from the probe aggregate equipment when activated because
of its high electrical dissipcation and relatively small mass.

The results presented show that the passive thermal design selectied
is adequate to maintain the probe temperatures within limits. Tra-
jectory uncertainties for entry are only 7 min for the nominal
Jupiter mission and contribute to only slight initial descent

probe temperatuie uncertainty. The biggest uncertainty in the
thermal design is tue performance of the multilayer insulation

used to maintain the probe temperature during cruise and coast.
Since the radioisotope heater output is constant, and cannot be
changed during the mission, the multilayer insulation performance
and repeatabilitr will have to be accurately determined by full
scale thermal tests before final design. For descent, the worst-
case model atmosphere encountered was considered, and conservative
foam insulation properties were assumed together with optimum -
heat transfer free convection inside the probe.

The orobe temperature margins, predicted on the basis of probe
thermal analysis for the nominal Jupiter mission are:

SPACECRAFT  PROBE ENTRY-
CRUISE COAST DESCENT
TEMPEPATURE MARGIN PHASE, °K PHASE, °K PHASE, °K
Above Equipment Lower
Limit 42 22 5
Below Equipment Upper
Limit 8 23 17
Below Transmitter
Upper Limit NA 28 22
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11. Prebe to Spacecraft Integration ;

The integraticn of the planetary probe with a carrier spacecraft :
- was performed using a Martin Marietta modified outer planet space-
! craft (MOPS} as the carrier. The configuration of the spececraft
with the nominal Jupiter probe attached is shown in Figure 1I-21.
The probe is mounted on the aft end (for launch) of the space~
craft, with the probe heat shZeld pointed away from the space-
craft, providing the proper probe orientation with respect to
the spacecraft for later separation. The probe interfaces with
the spacecraft in the following categories before separation from
the spacecraft: structures and mechcnical, power, thermal con-~
trol, instrumentation.

A Lk

The probe is attached to the spacecraft through a mechanical
release joiat incorporating a matched set of separation springs.
The probe is held ir place by means of attachments incorp.rating
explosive nuts, which provide for release.

MRS TS oG R Gt o s e

e

The interfaces of the probe with th2 spacecraft are discussed in
tChapter V, Section B.1ll of Vol II.

S g
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Probe Weightt: 344 1b Spacecraft Mod (MMC MOPS): 54 1b

! Cruise:
: Environmental Cover
T/C Power -~ 5 W
Monitor (on Demand)
0.5 watts and 80 bits

immeatd e oewr pe un

Preseparation Checkouty
Power - 8 W Ave; 30 W Teak
Checkout Signals
: Data Monitor =~ 1400 bits

Separation:
Probe Pointing - 2°
Battery Activation Signal
Separation Signal

Post-Separation:
Track Probe
Receive Data - 30 bps;
60 to 80Kbits

P S

Figure II-21 MOPS Spacecraft/Jupiter Probe Integration

I1-48

K _‘ﬁ’ ’




JUPITER PROBE-DEDICATED ALTERNATIVE PROBE SYSTEM DEFINITION
SUMMARY

The constraints for this alternative Jupiter probe were the result
of the Jupiter parametrics discussed in Chapter II, Section C.1, 1In
general, this configuratior was intended to optimize the probe by
reducing its complexity and the radiation field that it would en-
counter. The general constraints are:

Mission Type I in 1979

Entry Angle -15° (structures designed to -20°)
Entry Latitude 30°

Depth of Descent and 13 bars in cool/dense atmosphere
Atmosphere and 7.5 bars in nominal atmosphere
Science SAG exploratory payload (PAET)
Spacecraft Mariner Family

Carrier Mode Flyby

Periapsis Radius 2 RJ

Communication Mode Relay

Deflection Mode Spacecraft

Ejection Radius 30 x 10% km

Entry Ballistic Coefficient 0.65 slug/ft? (102 kg/m?)

Descent Ballistic Coefficient 0.09 slug/ft2 (14.1 kg/m?)

Mission Definition

The probe-dedicated alternative mission is described in Figure
I1-22 and detailed in Table II-11. Important mission design re-
sults are summarized in this section.
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Table II-11 Probe-Dedicated Alternative Miseion Description

a. Conic Trajectory Data

Interplanetary Trajectory

Launch Trajectory

Arrival Trajectory

Launch Date: 11/7/79
Arrival Date: 9/17/81
Flight Time: 680 days
Central Angle: 155°

Nominal C3: 93.6 km?/sec? VHP: 8.474 km/sec
Nominal DLA: 30.5° RA: 161.3°
Launch Window: 1.17 hr DEC: 6.81°
Parking Orbit Coast: 36 min ZAE: 145.2°
C3 (10 day): 97.5 km?/sec? ZAP: 141.4°
C3 (20 day): 105 km2/sec? RP: 2R
R o _ o
Azimuth Range: 101.7 115 INC: 55°

b. Deflection Maneuver and Probe Conic

Deflection Maneuver

Probe Conic Definition

Deflection Mode: Spacecraft

Coast Time: 34.5 days

AV: 71 m/sec

Application Angle: 108.6°
Out-of-Plane Angle: 5.0°
Rotation for Probe Release:
Probe Reorientation Angle:

Deflection Radius: *30 x 10% km

+47.6°

NA

Spacecraft AV from Earth: +93,5°

Entry Angle: -15°

Entry Latitude: 30.6°

Entry Longitude: 109.9°

Lead Time: 35.2 min

Lead Angle: -12,0°

Probe~Spacecraft Range (Entry): 88,287 km
Probe Aspect Angle (Entry): 50.6°

Probe Aspect Angle (Descent): 22°

Probe Aspect Angle (EOM): 28.1°

¢c. Dispersion Analysis Summary

Naviation Uncertainties

Execution Errors (30)

Dispersions (30)

Type: R,R/67 day-arc
SMAA: 1576 km

SMIA: 224 km

B: 86°

TOF: 122 sec

AV Proportionality:
AV Pointing: 2°

Probe Orientation Pointing: 2°

1% Entry Angle: 0.3°
Angle of Attack: 2.5°
Down Range: 0.6°
Cross Range: 0.2°
Lead Angle: 4.4°

Lead Time: 10 min
Entry Time: 2.8 min

d. Entry and Descent Trajectory Summary

Entry Parameters

Descent Parameters

Critical Events

Altitudes

Time from Entry above 1 atm

Entry Velocity, km/sec: 60
Entry Altitude, km: 304.6
Entry B, slug/ft2: 0.65
kg/m?: 102.1
Entry Atmosphere:
Cool/Dense
Max Deceleration, g: 1650
Max Dynamic Pressure,
1b/£t2: 2.1 x 10%
kg/m?: 1.0 x 106

Descent Atmosphere:
Cool/Dense

EOM Pressure, bar: 30

Descent 35 slug/ft:
slug/ft<: 0.12
kg/m?: 18.84

g = 0.1, sec: 8,5 |km: 189

Max g, sec: 18 km: 66.8

M= 0,7, sec: 44 |km: 33.4

Descent Time, min:
33.3

EOM, min: 33.8 km: -85
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a. . nterplanetary Trajectory Selection - The interplanetary tra-
jectory is pictured in Figure II-22(a) with 100-day intervals
noted. The launch date of November 7, 1979 and arrival date of
September 17, 1981 (trip time of 680 days) result in a maximiza-
tion of the payload weight as discussed in Volume II, Chapter IV,
Saction A. As indicated in the figure, the spacecraft arrives at
Jupiter shortly before the view to Jupiter is obstructed by the
Sun.

b. Launch Analyeis - The launch analysis is provided in Figure
I1-22(b). Available payloac is plotted against launch period for
three sets of launch vehicle perfurmance data: standard data for
the Titan 5-Segment vehicle with and without Burner II plus up-
dated data for the Burner II. For reference, the payload weight
(probe, spacecraft, spacecraft modifications, and spacecraft-
launch vehicle adaptor) is about 454 kg (1000 1b) fcr a Pioneer
mission and 680 kg (1500 1b) for a Mariner mission, Thus, the
Burner II option is necessary for a Mariner-type mission to ob-
tain a 20-day launch period. The nominal launch window and park-
ing orbit coast time are satisfactory.

e. Approach Trajectories - The probe trajectery for this mission
was constrained to enter at an entry angle of -15° and an entry
latitude of 30°. To satisfy this requirement, the probe trajec-

tory must be inclined 50° to Jupiter's orbital plane. To establish

an effective communication link, the spacecraft was deflected for
a 55° inclination. The probe was released on the lower inclina-
tion trajectory so that during descent it would rotate through the
trace of the spacecraft trajectory. The resulting trajectories
are pictured in Figure II-22(d) and summarized in Tables II-11(a)
and (b)

d. Deflection Maneuver - A spacecraft deflection maneuver was
performed at 30 million km and 34.5 days from the planet. The AV
required was 71 m/sec. The implementation sequence is illustrated
in Figure I1I-22(c). The spacecraft rotates 48° off Earth lock to
release the probe. It then rotates 45° further and fires a AV of
71 m/sec to achieve its desired flyby radius and communication
geometry.

e. Dispersion Analysie - The navigation uncertainties are slightly

larger in this mission than the previous mission because the de-
flection radius is slightly incressed. Navigation uncertainties
still have only a minor contribution to the final dispersions com-
pared to the execution errors. The entry parameter dispersions
are provided in Table II-11(b). These dispersions are based on
the spacecraft deflection mode. For comparison, a probe deflec-

tion mode dispersion analysis was made for the identical conditions
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and resulted in dispersions (30) of entry angle 1.9°, angle of
attack 2.8°, downrange 4.0°, crossrange 0.7°, lead angle 7.0°,
lead time 10.0 min, and entry time 11.9 min. The communication
parameter dispersions are given in the telecommunications subsec-
tion.

f. Entry and Descent - The entry latitude for the probe-dedicated
mission is 30°, whereas the nominal mission has an equatorial
entry. The effect of entering at a 30° latitude is to increase
the g-load as well as the dynamic pressure by approximetely 10X%.
All other critical parameters remain unchanged from the nominal
mission. The nominal entry angle (chosen from science considera-
tions) is -15°; however, to accommodate dispersions (3~ = 5°), a
value of -20° is used to determine structural loads. The descent
parameters are chosen from a combination of the cool/dense and
nominal environments. The worst-cas? design results when the bal-
listic coefficient is based upon the nominal atmosphere and the
resulting times and pressures de%ermined from the cool/dense model.

A sutumary of the entry and descent parameters is given in Table
I11-11(d).

Science

The instruments for the Jupiter alternative probe missions were

to be selected from a consideration of the PAET vehicle, Viking,
and discussions in the previous study. The temperature gage and
accelerometer triad system is basically the same between Viking
and PAET, thus no change is shown here from the nominal design.
However, the pressure tiansducers on PAET were chosen because they
are significantly smaller in size and slightly lighter in weight.
The mass spectrometer on PAET used a quadrupole snalyzer, which
for a limited range of 1-40 amu, appears to allow packaging into

a smaller volume and has a lighter weight than the magnetic sector
instrument. The porous leak inlet system is the same as for the
nominal mission. However, since the design pressure level is only
13 bars, a ballast volume of only 0.5 liter is required.

The alternative Jupiter probe analysis considered both the cool/
dense and the nominal model atmospheres. The probe is therefore
designed for worst-case atmosphere conditions. The worst-case
design is the nominal parameters are:

Design pressure limit = 13 bars (C/D atmosphere)

Main Parachute Ballistic Coefticient = (.09 llug/ftz (14.13 kg/mz)
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92 millibars (C/D)
86 millibars (nominal)

Parachute deployment pressure
or

Pressure at first measurement = 111 millibars (c/D)
or = 96 millibars (nominal)

No secondary parachute necessary
Entry time = 44 sec

Descent time = 35 min, 30 sec
Instrument sampling time [intervals]:

Temperature and pressure = 3.5 sec
Neutral mass spectrometer = 40 sec
Descent accelerometers = 10 sec

Entry accelerometers = 0.1/0.2 sec

Total bit rate = 30.4 bps

All performance criteria were satisfied. Figure II-23 shows the
selected pressure descent profile for both atmospheres.

System Integration

The functional sequence for this probe is more abbreviated than
for the other probes defined in the study. The separation phase
lasts approximately 4 minutes to spin up to 5 rpm; then the probe
is powered down until pre-entry. The detailed sequence is in-
cluded in Volume II, Chapter V, Section C.3. The data profile and
power profile are shown in Figures II-24 and II-25. From these
figures it is noted that the power is nominal and the data col-
lected is less than for the other configurations. This probe does
not have a delta-velocity requirement and the ACS is a very simple
definition. This "simple'" probe, therefore, has a lighter weight
than all the others: 127 kg (280 1b) ejected weight.

Telecommunications Subsystem

The Jupiter prove-dedicated-mission at 2 RJ is very similar to the

nominal mission as far as the trajectory and communications geom-
etry are concerned. The probe aspect angle is 60° at acquisition
and was optimized to be a minimum during descent. The uncertainty
ellipses representing probe dispersions are the most tilted, but
variations in cone angle are about the same as for other missions.
A 55° beamwidth spacecraft helical antenna provides sufficient
gain at the points of maximum dispersion and a position search is
not required. The telecommunications definition is included in
Table II-12,
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Table II-12 Telecommunications RF Subsystem for the Probe-Dedicated

Mission
CONDITIONS: Planet: Jupiter S/C: Mariner Frequency: 0.86 GHz
Bit Rate: 30 bps
Component Characteristic Unit Value
Transmitter RF Power OQut W 30 !
Overall Efficiency % 45 ‘
DC Power-In at 28 V dc W 66.7
Total Weight kg 2.7
Total Weight 1b 6.0
RF Switch Type Mechanical
Insertion Loss dB 0.3
Weight kg 0.23
Weight 1b 0.5
Entry Antenna Type Annular Slot
Main Beam Angle deg 60
Beamwidth deg 40
Max Gain dB 5.2
Diameter cm 43
in, 17
Weight kg 2.1
1b 4,7
Descent Antenna Type Turnstile/Cone
Main Beam Angle deg 0
Beamwidth deg 120
Max Gain dB 5
Size (diameter x h) cm 20.3 x 7.6
in. 8 x3 \\
Weight kg 0.45
1b 1.0 -
Spacecraft Type Helix
Antenna Beamwidth deg 55
Max Gain dB 9.6
Size (diameter x 1) cm 29.6 x 11.1
! in, 11.7 x 4.4
f Weight kg 1.36
g 1b 3.0
§ Despin no
! Position Search none
? Frequency Acquisition sec 65
: Clock Angle, © deg ~56
Cone Angle, ¢ deg 67
Spacecraft Noise Temperature °K 300
Receiver Noise Figure dB 3.1
DC Power-In at 28V dc W 3.0
Weight kg 0.9
1b 2.0
I1I-58
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An analysis was performed to determine the effects of increased
system noise temperature resulting from the flyby trajectory of

the spacecraft intersecting the Jovian magnetosphere. The increase
in antenna noise temperature during pre-entry maneuvers was only
59°K, and therefore was negligible.

Data Handling Subsystem

The configuration and functions of the data handling subsystem
are essentially unchanged from the nominal Jupiter probe. Refer
to Volume II Chapter V, Sections A.5., B.5. and Volume III, Appen-
dix H. The paysical and electrical characteristics are:

Size: 2580 cm3® (158 in.3); Weight: 2.6 kg (5.7 1b);
Power: 18.9 W.

Power and Pyrotechnics Subsystem

The post-separation power subsystem is reduced to a short active
life battery bus distribution for this mission. The entry/descent
configuration and functions are essentially unchanged from the
nominal Jupiter probe. Refer to Volume II, Chapter V, Sections
A.6., G.6., and Volume III, Appendix G. The physical character-
istics are:

Size 2620 cm® (160 in.3); Weight: 6.1 kg (13.4 1b).

Attitude Control Subsystem

The attitude control subsystem is reduced to an open-loop spinup
(0.5 rad/sec) for this mission. A discussion of the analysis is

contained in Volume II, Chapter V, Section C.7. and Volume III,
Appendix F.

Structural and Mechanical

The probe-dedicated alternative Jupiter probe is a substantially
simpler probe than the nominal Jupiter probe. For this mission,
the spacecraft provides the deflection delta velocity maneuver.

It leaves the probe in the proper attitude and with the proper
trajectory for planetary entry at the time of separation. Thus,
the probe does not need a deflection delta velocity motor nor

does it need to be spun up to a spin rate of 10.5 rad/sec (100 rpm)
to stabilize the probe for firing of the deflection motor and for
precession. Instead, the probe needs only to be spun up to 0.52
rad/sec (5 rpm) to stabilize its attitude at separation and elimi-
nate drift before planetary entry. The probe has no service module.

I11-59
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The configuration of the probe is shown in Figure II-26. The £
ejected probe is 1.005 m (39.6 in.) in diameter, 0.604 m (23.8 in.)

long, and weights 126.99 kg (279.96 lbm). Since there is no ser-

vice module, the ejected probe and entry probe are basically the

same. The descent probe is 0.439 m (17.3 in.) in diameter, 0.492

m (19.4 in.) long, and weighs 42.36 kg (93.41 1bm).

A single stage of parachute descent is satisfactory for this probe,
which is regwired to descend only to 13 bars to satisfy mission
requirements. The selected descent ballistic coefficient of 14.1
kg/m? (0.09 slug/ft?) for a descent probe weighing 42.36 kg (93.41
1bm) results in a parachute size of 2.59 m (8.5 ft) diameter.

This probe enters the planet at a latitude of 30° as compared with
essentially equatorial latitude for the nominal probe. This change
in entry latitude, plus the relocation of probe components from

the service module (which is deleted) to the entry probe results

in a fairly large heat shield and aerosinell. The heat shield mass
fraction for this configuration is 0.350, resulting in a heat shield
weight of 38.7 kg (85.4 1lbm).

The probe basic structure is identical with the nominal Jupiter
probe. The probe is designed by the structural loadings encoun-
tered during entry at an entry angle of 20°, at a latitude of 30°,
with an entry ballistic coefficient of 102 kg/m? (0.65 slug/ft2).
These loadings are 1650 g peak and a maximum dynamic pressure of
1.1 x 10° N/m? (23,000 1bf/ft2?).

Propulsion Subsystem ‘

This probe has no deflection delta velocity motor, but does have

a minimal attitude stabilization system, weighing 1.5 kg (3.31 1lbm).
The proper entry trajectory and pointing attitude is provided by
the spacecraft before probe separation for this configuration.

Thus, the ACS system need only provide a probe spinup to 5 rpm to
stabilize the pointing orientation during the pre-entry coast

phase of flight.
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10.

Thermal Control Subsystem

Thermal control for the probe-dedicated mission probe is required

to maintain the probe equipment within acceptable temperature lim-

its. The thermal design concept is basically the same as the nom- ,
inal Jupiter probe mission. Multilayer insulation, thermal coat- !
ings, and radioisotope heaters are used during spacecraft cruise

and probe coast, and probe thermal inertia coupled with low den-

sity foam insulation is used for entry and descent. For the probe-

dedicated alternative mission, the minimum temperature predicted

during descent was marginal (3°K margin) and two improved probe

thermal designs were therefore investigated. On the basis of those

investigations, the addition of nitrogen gas environmental control

was included for descent thermal control. For this design, the

probe would be purged and sealed with one bar dry nitrogen gas at

launch and equipped with a nitrogen gas supply bottle capable of

charging the probe volume an additional 2.5 bars during descent.

The delta weight and volume added by the N, gas supply 1s approxi-

mately 0.41 kg (1.1 1b) and 0.35 liters based on a storage pres-

sure 250 bars,

As before, the pivotal temperature for thermal design was the probe
temperature at the end of the mission coast phase, which determines
the probe entry temperature for descent. Although the probe-
dedicated mission considered either a cooul/dense or nominal atmos-
phere encounter and descent, the primary thermal problem remains
one of losing too much thermal emergy to the atmosphere environ-
ment during the cool/dense descent. The probe coast and entry
temperatures, therefore, were increased for this mission by using

a higher o/e thermal coating on the probe and absorbing a higher
percentage of the solar energy during coast. Since the coast time -
is longer for this mission (34.5 days), the transient temperature
effects following spacecraft separation were of no consequence.

Analytical results show that improved thermal design is obtained
by using the N, gas environmental thermal control concept. The
probe temperature margins predicted on the basis of thermal anal~
ysis for the probe-dedicated Jupiter mission are tabulated.

Entry-Descent Phase

Spacecraft
Cruise Phase, Probe Coast Nominal Improved N,

Temperature Martin °K Phase, °K Design, °K Design, °K '

Above Equipment Lower

Limit

Below Equipment Upper

Limit

Below Transmitter Upper

Limit

37 23 3 19

13 19 15 12

NA NA 29 28
11-6 '
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Typical probe thermal history and temperature limits are shown in
the discussion for the nominal Jupiter probe.

11. Probe to Spacecraft Intagration

The probe-dedicated alternative Jupiter probe integration with the
spacecraft is essentially the same as that described for the nom-
inal Jupiter probe.
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JUPITER SPACECRAFT-RADIATION-COMPATIBLE ALTERNATIVE PROBE SYSTEM
DEFINITION SUMMARY

As was done for the other alternative Jupiter probe discussed in
Chapter II Section C.3, the constraints for this probe were the
results of the Jupiter parametrics discussed in Chapter I1I, Sec-
tion C.l. Compared to the other alternative Jupiter Probe, this
probe provides the deflection, the encounter is essentially equa-
torial and the periapsis radius minimizes the radiation environ-
ment for the spacecraft. These constraints are:

Mission Type I in 1979

Entry Angle -15° (structures design to -20°)
Entry Latitude 5°

Periapsis Radius 6 RJ

Deflection Mode Probe

All other constraints are the same as for the other alternative
Jupiter probe.

Mission Definition

The radiation-compatible probe wmission is described in Figure II-27
and detailed in Table II-13. Important mission design results
are summarized in this section.

a. Interplanetary Trajectory Selection - The interplanetary tra=-
jectory is pictured in Figure II-27(a) with 100-day interval noted.
The launch date of November 7, 1979 and arrival date of September
17, 1981 (trip time of 680 days) result in a maximization of the
payload weight as discussed in Volume II, Chapter IV, Section A.

As indicated in the figure, the spacecraft arrives at Jupiter
shortly before the view to Jupiter is obstructed by the Sun.

b. Launch Analyeis - The launch analysis is provided in Figure
II-27(b). Available payload is plotted against lauuch period for
three sets of launch vehicle psrformance data: standard data for
the Titan 5-Segment vehicle witi. and without Burner II, plus up-
dated data for the Burner II combination. For reference, the
payload weight (probe, spacecraft, spacecraft modifications, and
spacecraft launch vehicle adaptor) is about 454 kg (1000 1b) for
a Pioneer mission and 680 kg (1500 1b) for a Mariner mission.
Thus, the Burner II option is necessary fcr Mariner-type mission
to obtain a 20-day launch period. The nominal launch trajectory
summarized in Table II-13(a) indicates that the daily launch window
and parking orbit coast time are satisfactory.

11-65
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Table II-13 Radiation-Compatible Alternative Misaion Summary

a. Conic Trajectory Data

Interplanetary Trajectory Launch Trajectory Arrival Trajectory
Launch Date: 11/7/79 Nominal C3: 93.6 km’/sec? VHP: 8.474 km/sec
Arrival Date: 9/17/81 Nominal DLA: 30.5° RA: 161.3°
Flight Time: 680 days Launch Window: .17 hr DIC: 6.8° :
Central Angle: 155° Parking Orbit Coast: 36 min ZAE: 145.2° !
C; (10 day): 97.5 km?/sec? ZAP: 141.4°
C3 (20 day): 105 km?/sec? RP: R.
Azimuth Range: 101.7° ~ 115° INC: 3°

b. Deflection Maneuver and Probe Conic

Deflecrion Maneuver Probe Conic Definition

Entry Angle: -15°

Entry Latitude: 5,10

Entry Longitude: 98.8

Lead Time: 13,55 min

Lead Angle: 6.11°

Probe-Spacecraft Range (Entiv): 357,422 ka
Probe Aspect Angle (Entry): 78.4°

Probe Aspect Angle (Descent): 7.3°

Probe Aspect Angle (EOM): 4.7°

Deflection Mode: Probe
Deflection Radius: 30 x 10° km
Coast Time: 35.1 days

AV: 257 m/sec

Application Angle: 119°
Out-of-Plane Angle: 0°

Rotation for Probe Release: 85°
Frobe Reorientation Angle: -53°
Spacecraft AV from Earth: NA

c. Dispersion Analysis Summary

Naviation Uncertainties Executicn Errors (30) Dispersions (30)

Entry Angle: 6.02°
Angle of Attack: §,60°
Down Range: 11.46°
Cross Range: 2.00°
Lead Angle: 6.91°
Lead Time: 37.4 min
Entry Time: 38.4 min

4Y Proportionality: 11X
AV Pointing: 2°
Probe Orientation Pointing: 2°

Type: Range-Doppler 167-day arc
SMAA: 1576 km

SMIA: 224 xm

B: 86°

TOF: 122 sec

d. Entry snd Descent Trajector; Sumamary

Critical Events

Altitudes

Entry Paranetars Deacen* Parame’ers Time from Entry above 1 atm

Entry Velocity, km/sec: 60 Descent Atmosphere: g = 0.1, sec: 8.5 |ikm: 189

Entry Altitude, km: 304.6 Cool/Dense Max g. sec: 18 km: 66.8

Entry B, slug/ft?: 0.6% EOM Pressure, bar: 13 | M = 0.7, sec: 44 |[lm: 33.4
kg/m?: 102.1 Descent Bi Descent Time, min:

Entry Atmosphere: siug/feté:  0.09 35.¢

Cocl/Dense kg/w: 14.13
Max Deceleration, g: 1500
Max Dynamic Pressure,

1b/fe2: 2.1 x 10“

kg/=?: 1.0 x 106

EOM, nin: 36.1 km: 57,5

II=-0/
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e. Approach Trajectory - The approach trajectory is pictured in
Figure II-27(d) and summarized in Table II-13(b). The spacecraft
flyby radius was selected to be 6 RJ to limit radiation damage to

the spacecraft. Since a low inclination probe trajectory was se- *
lected (entry latitude of 5°) an in-plane deflection maneuver was ‘
used. The spacecraft initially leads the probe, but because of

Jupiter's rapid rotation rate the probe quickly overtakes the space-

craft. The probe aspect angle at the start of descent is 7.3°,

passes nearly through zero, and ends at 10° at the enl of the

mission.

d. Deflection Mareuver ~ A probe deflection maneuver is used in
this mission at a deflection radius of 30 million km or 35.1 days
from Jupiter. The deflection cequence is illustrated in Figure
I1-27(¢). For comparison, a deflection maneuver was targeted at
50 willion km. This resulted in a coast time of €1.4 days and

a AV of 152 m/sec to establish the same conditions a. entvy.

e. davigation and Dispersions ~ The navigatiou and dispersion
results are pictured in Table II-13(c). Standard Doppler and
range tracking is all that is assumed since navigwtion dispersions
are not significant at Jupiter. The entry dispersions are large
relative to the other missions with 30 dispersions in entry angle
of 6.0°, angle of attack 5.6°, and entry time 38.4 min. For com-
parison, the deflection at 50 million km resulted in dispersions
of 5.8°, 5.5°, and 40.8 min, respectively.

fv Entry and Descent Trajectories - Table I1-13(d) summarizes

the entry and descent phases of the micsion. The cool/dense at-

mosphere model is used for both phases for this mission. The

entry phase starts at 304.6 km above the 1 atm pressure level and o
ends at the staging of the aeroshell 34 gsec later. During this

phase, the peak deceleration of 1500 g is attained. The descent

phase starts after staging and lasts until the end of mission at

13 bars. The total mission time (entrvy and descent) is 36.1 min.

2. Science

- The major differences between the two alternative probes involves
spacecraft/probe functional trades and the entry and descent pro-
file and measurement performance is identical. Thus, the descrip-
tion given for the other alternative Jupiter probe descrites the
functions for this alternative Jupiter probe design.
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System Integration

The functional sequence is similar to that for the nominal Jupiter
probe. The main difference involves the ejection of the service
module. The pre-entry antenna, for this configuration, is ejected
along with the service module. At this time, the transmitter is
turned off and engineering data is stored until after entry. A
detailed sequence is included in Volume II, Chapter V, Section D.3.
The power profile and data profile are similar to those for the
nominal Jupiter probe.except in the areas just mentioned above for
the service module ejection. The entry uncertainty of approxi-
mately 38 min causes the pie-entry activities to occur earlier
than for the .aominal Jupiter probe. Weights for this configuration
are: ejected weight 166 kg; entry weight 110 kg; descent weight

47 kg.

Telecommunications Subsystem

The point design for a 6 RJ nission performed during the parametric

studies of Chapter II, Section H.2 was used as a basis for the
radiation-compatible mission. The trajectory is identical in RP’

REJ’ YE’ and latitude to point design 8 described in Section H.2.d.

The descent depth has been raised to 13 bars in lieu of the 30 bars
previously used, and the bit rate is increased to 30 bps. Probe
dispersions were similar to the dispersions for that point design.
As a result, a two-position sector search technique was also used
for this configuration to keep the RF power requirements within
reasonable limits. The characteristics for the telecommunications
subsystem are presented in Table II-14,

Data Handling Subsystem

The configuration and functions of the DHS are unchanged from the
nominal Jupiter probe. Refer to Section C.5 of this chapter.

Power and Pyrotechnic Subsystem

The configuration and functions of the power and pyrotechnic sub-
system are unchanged from the nominal Jupiter probe. Refer to
Section C.6 of this chapter.

Attitude Control Subsystem

The configuration and functions of the attitude control subsystem
are unchanged from the nominal Jupiter probe. Refer to Section
C.7 of this chapter.
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) § REPRO.DUCIBILITY OF THE ORIGINAL PAGE IS POOR.

lable II-14 Telecommunications KF Subsystem for the Spacecraft-
Radiation-Compatible Jupiter Mission

s v

CONDITIONS: Planet: Jupiter S/C: Mariner Frequency: 0.86 GHz Bit Rate: 30 bps
COMPCNENT CHARACTERISTIC UNIT VALUE
Transmitter RF Power Out W 55
Overall Efficiency 7. 45
DC Power-In at 28 V dc W 122
Total Weight kg 2.72
. 1b 1b 6.0
é RF Switch Typ: Mechanical
: Insertion Loss dB 0.3
N Weight kg 0.45
! 1b 1.0
Entry Antenna Type Annular Slot
Main Beam Angle deg 85
- Beamwidth deg 40
Maximum Gain dB 5.2
Diameter cm 43
in. 17
Weight kg 2.1
1b 4.7
Descent Antenna Type Turnstile/Cone
Main Beam Angle deg 0
Beamwidth deg 120
Maximum Gain dB 5.0
Size (diameter x h) cm 20.3 x 7.5
in. 8 x3
Weight kg 0.45
1b 1.0
Spacecraft Antenna Type Parabolic Dish
Beamwidth deg 20
Maximum Gain dB 18.3
Size cm 128
in. 50.5
Weight kg 4,54
1b 10.0
Despin No
