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SUMMARY

An entry probe is described which is capable of release near an outer
planet's sphere of influence; which descends to a predetermined target entry
point in the planet's atmosphere, survives the trapped particle radiation belts
(if present) and through an entry heating puise, and that descends in a stable
dynamic condition while gathering and relaying data to an overflying spacecraft
bus. It is 889 mm (35 in.) in diameter and weighs 150 kg (or less), It
is configured as a sphere-cone fore body and a hemisphere after body. Because ‘
ground-based and flyby measurements are susceptible to various conflicting
interpretations, in situ measurements of Jocal physical properties and chemical
composition within the atmosphere are needed to remove the dependence on atmos-
pheric modeTling and iead directly to the utilization of prior remotely acquired
data. The types of experiments that have the highest priority for in situ
measurements on an entyry probe are concerned with atmospheric structure and
chemical composition. A tri-axial accelerometer provides data on atmospheric
densities. These data, when combined with direct low altitude measurements of
ambient temperatures and pressures, provide profiles of the physical structure
of the atmosphere. The chemical composition of the atmosphere is determined by
mass spectirometry and gas chromatography. These data are gathered in the
troposphere, where the atmosphere is homogeneous.

The atmosphere of Jupiter can be successfully explored in the early 1980's
because of three major developments. These develiopments have come to fruition
through the combined efforts of the National Aeronautics and Space Administration,
aerospace industry, and individual researchers. By utilizing the technology .
gained while carefully proving each element of the configuration step by step,
an atmospheric probe can be made available for launching in 1979 on an
interplanetary spacecraft. The probe carrying bus may be a Mariner based or a
Pioneer based design, the probe requires only changes in the antenna and,
perhaps, transmitter characteristics to adapt to either bus.

This study ‘. aimed at determining the range of parameters which make
feasible a Jovian entry by a probe originally designed for Saturn and Uranus
entries. The massiveness of Jupiter, which produces high relative entry




velocities, necessitates thickening the forward heat shield, reformatting of
data collection and traismission, increasing transmitter power, and optimizing
the receiving equipment. The pertinent data for this probe are summarized

in Figure 1, The study has substantiated confidence in the feasibility of an
early Jupiter entry mission.

The three déve]bpmentﬁ that have produced this feeling of confidence are:

1) The characterization of the Jovian magnetosphere by Pioneer 10 which per-
mits more accurate prediction of component environments. Knowing the nature and
severity of the exposure} functional elements can be hardened to survive the
effacts of trapped particle radiation. The exact character of the environment
is still incomplete within the 3 to 1 Ry layer. However, the passage of
Pioneer 11 will fimprove current modeling in this layer; thereby permitting
thorough analysis of protection needed and already provided.

2) The refinement in ephemeris resulting from the Jupiter fiyby in 1973 by
Pioneer 10. The precision in knowing Jupiter's mass properties and its Tlocus
as a function of time permits accurate planning of an atmospheric entry mission
at a few degrees ¥light path angle from the skip-out boundary. By keeping the
angle low, the heating environment can be accommodated with current state of
the art thermai protection materials. Although entry conditions into the Jovian
atmosphere are the most severe of any planet, the combination of precision in
trajectory targeting and material fabrication assure survival through the peak
heating environment. |

3) The evolution of convolutional coding techniques and communication 1ink-
ages that can operate in a noisy, turbulent environment at or above the adverse
tolerances present at the outer planets. Again, each planet's synchrotron noise
and other conditions which influence communicability are not completely under-
stood. The level of understanding and the tools to overcome the problems have
evolved to the point where alternative solutions can be defined and selection
criteria established. These in turn will permit the development of a wnrkable
1ink when needed.

_ The anticipated hazards (trapped particles and entry heating) are consider-
ed to be tractable at this time. The remainder of this report is directed at
detail examination of the design problems foreseen and solutions which, as yet,




LAUNCH VEHICLE

LOW ANGLE ENTRY PROBE FOR JUPITER

TITAN IIIE/CENTAUR D1-T/TE364-4

SPACECRAFT MODIFIED PIONEER F/G
MISSIONS: PROBE *79 ORBITFR-PROBE '80
MISSION DESIGMATOR Pdp 79 PJdOp 80
LAURCH DATES g NOV 79 6 DEC 80
ARRIVAL DATES 11 MAR 82 14 FEB 83
S/C PERIAPSIS RADIUS, R, 1.8 1.8
PROBE DIAMETER (mm/in) 889/35 889/35
PROBE WEIGHTS (kg/1b) 140/308.8 146,5/323
PROBE SEPARATION RADIUS (RJ) 500 500
S/C DEFLECTION AV (m/s) 80
EWTRY LATITUDE (deg) +4,8 +4.8
EXOSPHERIC DESCENT TIME (days) 53.2 50
ATMOSPHERIC DESCENT TIME {min) 30 30
INERTIAL VELOCITY @ ENTRY (km/s) 59.8 59.8
INERTIAL ENTRY ANGLE (DEG @ 450 knm -7.5 _ ~7.5
BALLISTIC COEFFICIENT, M/CpA(kg/mé 125 (average) 158.1 (initial)
ANGLE OF ATTACK: W S/C DEFLECTION 0 0

" NO S/C DEFLECTION 29 16.6

COMMUNICATION DURATION (min) 24.6 30

PROBE BEAMWIDTH (deg) 66 66
S/C PHASING TIME (hr BEFORE ENTRY) 0.4 0.4
S/C BEAMWIDTH {deg) 50 50
S/C BEAM CENTER (deg FROM AXIS) 65 56
PROBE TRANSMITTER POWER (W) 40 60
PROBE DATA RATE (bps) a4 44
PROBE DATA STORAGE (kbits) 17.4/31.2 25.5
HEAT SHIELD WEIGHT (kg/1b 68.5/151.2 68.6/151.5 -
PEAK HEAT FLUX (BTU/Ft2/s 17 17 5
PEAK DECELERATION {gr) 264 286
ELECTRICAL PQOWER REQEIRED (W-hrs) 98 125.2
ENGINEERING SENSORS 17 23
SCIENCE INSTRUMENTS ACCELEROMETER
PRESSURE TEMPERATURE SAME + ;

MASS SPECTROMETER
NEPHELOMETER
' GAS CHROMATO-
GRAPH
VISIBLE-IR FLUX
ENERGETIC PARTICLES

FIGURE 1




are not necessarily optimal. Continuing study may reveal atlernate paths
over or around the hazards. The work described has been performed by the
McDonnell Douglas Astronautics Company-East under contract to NASA/Ames
Research Center (Contract NAS2-8377).

This report describes probe variations for two similar missions. 1In the
first a fiyby of Jupiter by a Pioneer spacecraft Taunched during the 1979
(PJp‘79) opportunity is examined parametrically. The discussion 1is con-
centrated in the section labeled Mission Analysis. In the second mission an
orbiter based on Pioneer and launched in 1980 (PJUP'BO) is defined in more
specific terms. This discussion is concentrated in "Probe Description" and
“Subsystem Design”. Occasi.nal interminging occurs to illusirate certain
factors not computed with both mission analyses. The differences rest in the
science payload and directly affected wiring and electronics packages. Since
weights are approximately the same for both, only dynamic effects are involved,
The six-degree-of-freedom data indicates that, although the center of gravity is
aft of the theoretical intersection of cone and aft sphere, the dynamic
stability characteristics are satisfactory for the heavier, more aft-c.g.
version (Pioneer Jupiter Orbiter Probe for 1980), The initial baseline
mission (Pioneer Jupiter Probe for 1979) served as the basis for most
analytical studies. In almost all instances the differences between missions
and configurations have only secondary effects on performance of the probe.




INTRODUCTION

The successful entry of a probe into one of the outer planets requivres a
design that can overcome the hazards of radiation, severe heat puises, and
uncertainties of the trajectory and of the atmospheres to be encountered. The
severity of each hazard is greater at Jupiter than at the planets that are i
further removed from the sun. In References 1 and 2 a probe design is :
described that can enter either Saturn's or Uranus' atmosphere with a high
probability of providing in situ measurements of their atmospheres. A potential
exists for adapting that configuration for entry into Jupiter's atmosphere and,
perhaps, that of the satellites to the outer planets. This study investigates
some of the known varjations of Jupiter's environment. The effects are pre-
sented with first iterations on design parameters to demonstrate feasibility.

Feasibility is defined as ability to withstand the severe conditions with-
out adding undue penalties of cost or time to develop and deploy the probe,
Evaluations are presented of primary and subsidiary solutions from allied studies
that are also under contract to the NASA/Ames Research Center.

Background
The Saturn/Uranus Atmospheric Entry Probe (SUAEP)} System Level Definiticn

Study was initiated as contract number NAS2-7328 in November 1972 with a final
report published on 18 July 1973 (Reference 1). This effort has been extend-
ed and expanded as shown in Figure 2 to cover important considerations that
were brought to 1light in the basic study. One such aspect is the difficulty of
entering a Jovian atmosphere because its gravitational atiraction causes very
high velocities which produce severe heating conditions, Prior work on Jovian
entries {e.g. Reference 3) demonstrated arn amelioration of the environment
effects by reduction of the entry angle into Jupiter’s atmosphere. Thus, this
study was directed at angles of entry (y) from the skip-out boundary (y = -4° @
450 km) down to y =-12.5°. In this range of entry angles, longer, lower-level
decelerations are encountered, The result is some relief in peak heat flux,

especially radiant energy.
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This study contract (NAS2-8377) was initiated on 27 June 1974; the study
is completed with submission of this repurt. The statement of work tasks are
included in Reference 4.

Study Objectives

"To perform a feasibility study of conducting definitive atmospheric
science during descent into a planetary atmOSphere by using extremely small
flight path angles {near the skipout boundary). The study shall establish the
requirements of a probe heat protection system, communication 1ink, and science
data-gathering whichk are compatible with survival of the high heating environ-
meqts for outer planets entry."

The science objectives are determination of atmospheric constituents;
characterization of pressure, temperature, and density profiles; and observa-
tion of the cloud Tayers. Consideration of infrared radiant energy measurement
and energetic particle counting were added after contract start.

Scope of Effort
Direct effects of low angle entry into a Jdoviin atmosphere are covered.

Secondary effects, such as structural redesign or battery reduction for shorter
durations are also included. The study is restricted to Jupiter since
moderately steep entries are feasible into Saturn and Uranus (see Section

4,2.1 of Reference 1) with carbon-phenolic material.

The scope of this study also is Timited to analysis; only design changes
reflecting individual components are inciuded. Complete drawings, similar to
Part V of Reference 1, were not made. The changes, though not superficial,
are of a nature that understanding is possible without complete drawings.

Baseline Definition

The baseline mission initially was for the 1979 opportunity using the
Titan IIIE/Centaur D1-T/TE364-4 launch vehicle and a modified Pioneer F,G type
of spacecraft bus. During the interplanetary flight, the probe's temperature
is controlled by the spacecraft but without a closed loop sensor - heat trans-

port mechanism. The study constraints are summarized in the succeeding section.




A summary of base]ineldata for this mission and configuraﬁion is presented
in Figure 3. These parameters are shown with two columns: (1) the initial or
SUAEP value, and (2) the Jupiter nominal value. The latter are somewhat non=-op-
timal because iterations are incomplete. In some instances only two oF three
(or four) model atmospheres are exercised in the interest of bracketing prob-
lems. All required atmosphere definitions would have to be studied before a
baseline finalization could be made.

The primary function of this probe is to collect and transmit data that
aids in characterizing the atmosphere of Jupiter. To date, all data have been
obtained remotely. However, even the close-up measurements of Pioneer 10 are
not “in agreement; for example, the infrared radiometer data conflict with the
radio occultation. To obtain absolute values and to permit correlation of
existing data, in situ measurements will enhance our understanding of some of
the planetary atmosphere processes. As the probe enters the atmosphere, an
onboard accelerometer senses a threshold, in this case (-0.0004 gE); the data
handiing system continues to record deceleration values at moderate rates
until the deceleration peak occurs. This is defined as a = -0.01 9 {axially)
on the ascending side of the peak, and this serves as the rate-change cue.
Because this specific value cues several probe functions, the accelerometer is
backed up by a g-switch. Subsequently, other deceleration cues trigger other
functions such as instrument deployment and radio transmission. This sequence
of events is correlated with time and altitude and the usually defined cloud
layers in Figure 4, | '




BASELINE DEFINITION COMPARISON

OPERATION/PARAMETER

PRELAUNCH
LAUNCH PERIOD
PAYLOAD, 1bs (kg)
PRDBE WEIGHT, 1bs (kg) .
PROBE DIAMETER, in (m
PRELAUNCH CONBITIONING
TEMPERATURE REGIME

LAUNCH VEHICLE

S/C{3) INTERPLANETARY

INFLIGHT CONDITIONING

TARGETING

SEPARATION TIMING

5/C ORIENTATION

BATTERY CHARGING {BGOSTRAP)
MAIN)

DESCENT TO ENTRY
TIMING {(WARMUF & ACCELEROMETER)
PREENTRY SCIENCE
ENTRY ANGLE,

ENTRY LATITUDE
PEAK DECELERATION, g

ATMOSPHERIC ENTRY
CONFIGURATION
COMM INITIATION - METHOD
- LEVEL, gf
TRANSMISSION FREQUENCY, GHz
TRANSMITTER

ANTENNA PATTERNS-PROBE
=5/C

ANTENNA BEAMWIDTH-PROBE
-3/C

INSTRUMENT DEPLOYMENT-CUE

~LEVEL, gp
~METHOD

SCIENCE INSTRUMENTS

INITIAL ANGLE OF ATTACK

HEAT SHIELD - CONFIGURATION
- FORWARD
. ~ AFT

SUAEP(1)

T [

1050 (476)
308.8 {140)
35 {0.84)

FOGRCED AIR

80°F (GROUND)

30°F {FLIGHT)
TITAM IIIE/CENTAUR/
TE364-4

HEATED ADAPTER

BY S/C; 3/C DEFLECTION
5/C TRIGGERED
EARTH-LOCKED

S/C RTG'S

PRE~CHARGED

PRE-SET ACCUTRON
NONE

(h} -3p°

{a; -40°

{w»} +30°
800

60° SPHERE CONE; HEMISPHERE
AgCELERUMETER; G-SWITCH

0.4

NONCORERENT FREQUENCY
SHIRT KEYED

ROLL AXIS; CONICAL
gglNNING; PANCAKE

30°-108°
ACCELEROMETER,

-6

THRU HEATSHIELD
NEUTRAL MASS SPEC
TEMPERATURE GAGE
PRESSURE GAGE
ACCELEROMETERS
NEPHELOPMETER

(31) = 12,6°
RETAINED

CARBON-PHENOLIC
SILICONE ELASTOMER

1} SUAEP-SATURN/URANUS ATMOSPHERIC ENTRY PROBE -
2 PJP‘79 ~ PIONEER JUPITER PROBE IN 1979
3

(3) S/C - SPACECRAFT BUS

PJp'79

SAME

SAME
SAME

SAME

SAME
SAME
SAME
SAME
SAME
SAME

SAME
SAME
{u)-7,5°

(+)}rg,8°
250

SAME
SAME

-3
0.6-0.8
SAME

SAME
SAME
SAME
SAME
SAME
-30

SAME
SAME

SAME -

SAME
SAME
SAME
RADIOMETER

{x ) = 29° op 0° .
(PIONEER DEPENDENT)
SAME

SAME
SAME

FIGURE 3 .




DATA COLLECTION SEQUENCE
+ JUPITER 1980 NOMINAL KISSION

TIMELINE ACTIVATE MAIN BATTERY
THE | ALLITUDE  ENERGIZE N\ SEPARATION FROH PIONEER +50 DAYS
« DATA HANOLIYG SYSTER s
=40~ « ACCELEROMETERS Y
. g SHITCH N \@
« ENERGETIE PARTICLE DETECTOR W\
(MIN} » EHGIHEERING SENSORS N N
L » §ASS SPECTRONETER PUNPS Yot
—[- 051000 CALIBRATE PRESSURE SENSOR AND START N\ Y,
(5£0) UPPER ATHOSPHERE/LOW ACCELERATION STORE
70-1- 400 a= -0508g*S SENSIBLE ATHOSPHERE
” ENERGIZE { CHANGE TO KIGH RATE
= a= -001gg's | STORAGE AND RECORD
90 * TEAPERRTURE SENSOR EE® | HeATSHIELD TENPERRTURES
» HASS SPECTROMETER 5 N iz
« GAS CHROHATOGRAPH B, e \ ¢ =l /
« HEPHELOKETER R
115 100 « VISIBLE - 1R FLUX ETER % -3 * ~Hoge'S
135+ ACTIVATE TRANSHITTER -30 gg'S %\
19040 DEFLOY -3 gg'S « p= 0 sy @HACH LD
» SAMPLING TUBE FOR HASS SPECTROHETER,
TROPOPALSE . _ ©AS CHROMATOCHAFH AND FRESSURE SEHSOR ol . o
Gl e iy SLous « HEPHELUHETER PORT A
2901-0 « TERPERATURE SEHSOR The=ram 1)
-~ ﬁa Low « VISIBLE - IR FLUK HETER PORT A .
iy P T CALIBRATE TEMPERATURE SENSOR |1 |p=
900 —100 BEGIN TRANSHISSION . g [P 10 ATH
16[10:: -170 Ps'! P = 30 ATH
]
1
T

“FIGURE 4
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~ GUIDELINES & CONSTRAINTS

Th1s study is directed at an examination of entry ang1es 1nto Jupiter's
atmosphere which produce decelerations that can be accommodated by the structure
designed-for the Saturn/Uranus Atmospheric probe described in Reference 1. The
probe heat protection is adjustable in thickness but aluminum and honeycomb
characteristics and overall diameter are to be unchanged from the reference
values. The design is based on NASA monograph atmosphere models as defined in
Reference 5 with emphasis placed on the envelope of Nominal and Warm definitions.
(Note that other definitions were studied, but no other was specified.) Pioneer
10 data indicate that the Cool model is an improbable condition.

Thé guidelines and constraints empToyed in this study are jtemized in the
following table.

Guidelines
1) Launch Vehicle Titan III E/Centaur D1-T/TE364-4
2) Spacecraft Modified Pioneer F, G, H
3) Temperature Control Open-Loop by Spacecraft
(to separation)
4} Minimum Science Payload Mass Spectrometer
(see Reference 1) Accelerometer
Temperature and Pressure Gauges
Nephelometer
[N.B. Instrument ranges to be adjusted to meet environments to be encountered.]
5) Flight Opportunities 1979, 1980 '
6) Planetary Quarantine Considered as part of another contract.
~ 7) Data Collection Objective 30 min. {minimum)
Constraints

1) _Representat1ve probe design shall be based on the results of Contract
" NAS2-7328 (Reference 1).

2)  Probe Diameter < 36 inches (91.5 cm)
3)  Probe Weight - . < 300 pounds {136 kg)
(including marg1ns) - '
4) -Data Gathering 10 ‘bar minimum
.5) . Atmospheric Models - Reference 5 Nominal & Warm

1




Although the study was to be confined by these gﬁide1fnes and constraints,

some Tatitude in studying alteknati?es beyond these Timits was encouraged by

?ARC=personnET in order to-eVa]uate-potentTaTs “just over the next Hil11"™.. These . .

eXcursions permitﬁed (1) better interpolation at boundaries, and'(z) providé
alternate m1ss1on potent1a1 Tor NASA review. For examp]e the we1ght of the
probe for the P1oneer Jupiter 0rb1ter Probe mission in 1980 is profus1ve1y
ilTustrated herein. It weighs 146. 5.kg (323 Tbs). Its capability for better
atmosphere def1n1t1nn warrants strong cons1derat1on of- 1ts use over a 300 1b
11m1t prohe.
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'MISSION ANALYSIS

- The Earth-to-Jupiter mission profile is similar to that used for the SUAEP
study. Two missions are considered: (1) a Jupiter flyby and probe deposition
in 1979 (PJP '79), and {2} a Jupiter orbiter and probe in 1980_(PJ0P '80). The
“representative interplanetary trajectory was chosen by Ames Research Center. A
plane change ascent is required at Earth departure for the interplanetary tra-
jectory selected. Details of the interplanetary track properiy belong in
descriptions of the spacecraft. Suffice it to say that from initial insertion
by the final stage rocket (TE364-4 solid rocket motor), the spacecraft and probe
are aimed to be captured by the target planet. As tracking continues with time,
the aim point is refined in accuracy by corrective maneuvers. The final correc-
tion is made shortly (»1 or 2 days) prior to release. ' ' |

Flyby Mission (Pdp '79)

Except for the addition of a post-deflection corrective maneuver to the
spacecraft, the mission profile utilized for Jovian entries is similar to that
featured in the various SUAEP studies. As depicted in Figure 5, the space-
craft (with probe} is targeted for the probe entry point. For this treatment,
the targeted entry point is an inertial path angle of -7.5 degrees at an altitude

of 450 km with probe and spacecraft equatorially inclined at 10 and 20 degrees.

The principal indepehdent variables (trajectory,mission parameters)
utilized in the study of planetary trajectories are spacecraft periapsis radius -
and spacecraft phasing time. For complete understanding of this text certain
parameters are defined in Figure 6,

The spacecraft a~d probe are targeted at the praobe entry point as depicted
in'Figure 7. At a distance from Jupiter that is within its sphere of influenc-,
herein taken at 500 Ry, the probe is released. The spacecraft is vetargeted via
a defiection maneuver for a near overfly of the probe by the spacecraft: this is

. phased to occur dur1ng -the probe s data gather1ng descent jdnto the Jovian atmo- | _‘_{;
sphere and prior to spacecraft insertion into orbit. Phas1ng is accomp11shed -
~during the deflection and consists o° a deceleration of the spacecraft to cause
~a lag.: The probe mission. is compTeted when the prcbe and- spacecraft are no

_ 10nger 1n commun1cat1ons v1ew of each other
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MISSION PROFILE FOR JUPITER PROBE STUBY
1979 OPPORTUNITY

NOMINAL HISSION

LAUNCH 8 ROV 79
ARRIVAL 11 MAR 82

DURATION, DAYS 854
SEPARATION, Ry 500
DESCENT, DAYS ~ 53.2
ENTRY ANGLE, DEG ~7.5
PHASING, HRS 0.4
S/C PERIAPSIS, Ry LB

EARTH

DEFLECT
CORRECT

JUPITER

URANUS

NEPTUNE

—_—— {_ i

LS
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DEFINITIONS

Periapsis Radius refers to the trajectory periapsis of the spacecraft after

the deflection and any correction maneuvers. Its origin is the center of the
planet.

Phasing Time is the time past entry when the spacecraft is phased to pass
through the probe zenith,

Spacecraft Aspect Angle - The angle, measured at the spacecraft, between the
probe Tine-of-sight and the spacecraft spin-axis (i.e., the Earth Direction).

Praobe Aspect Angle - The angle, measured at the probe, between the spacecraft
- Tine-of-sight and the probe spin-axis which is also Earth-line if released from
Pioneer, but is oriented for zero angle of attack if Mariner borne.

Communication Range - The distance between the probe and spacecraft, the
combination of range and aspect angle determine communicability.

Communication Duration - Time from probe entry until the spacecraft aspect
angle reaches 105 degrees {communications cutoff) on Pioneer flights; another
undetermined 1imit obtains for Mariner.

Entry Path Angle - The probe inertial flight path angle are conventionally
taken at 450 km above the equatorial sphere and the pressure altitude of one
bar. Note that 1000 km is generally used as the initiation of descent because
the drag, gravity effects are significant from this latter altitude.

Probe Entry Latitude - Entry 1at1tude of probe measured positive north from
the Jovian eauator. Longitude is important in final mission analyses and
scientific interest but do affect probe design negligibly even light-side/dark-

side entries..' In general, early probe-entries will occur -within a.few degrees

of the evening terminator because minimum energy ﬁrajéctories tend to direct
entries to this region.

Transit Time - Interplanetary flight time from Earth injection to targeted
(spacecraft with probe) periapsis passage. Local time is conventionally

figured from this point in time:minus before passage, plus beyond, .

. FIGURE 6 .
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MISSION CHARACTERISTICS
dilp 80

EARTH

INSERTION
PIONEER JUPITER ORBITER
LAUNGH DATE: GDECHD PROBE ENTRY:
ARRIVAL DATE: 14 FEB 83 ALTITUDE 450 km
SEPARATION MANEUVER: 500 Ry PATH ANGLE ~1.5 deg
DEFLECTION av 1105 m/s LATITUBE 4,71 deg (N)
TIME TO PROBE ENTRY 50 DAYS YELOCITY 59.7646 km/s
CORRECTION MANEUVER 260 Ry ANGIL.E OF ATTACK 15.63 deg
CORRECTION AV 5 /s
TIME TO PROBE ENTRY 23.5 DAYS

FIGURE 7

In the cruise mode the Pioneer spacecraft is spin-stabjlized along the
Earth-1ine direction to retain communications lock with the Earth. During the
probe separation and spacecraft deflection maneuvers, retention of Earth com-
munication lock (spin-axis alignment along the Earth-1ine) can be retained or
the spacecraft/probe can be precessed for optimum release attitude and/or opti-
mum deflection maneuver direction application. Probe attitude and, thereby,
entry angle of attack are established by the spacecraft orientation at separa-
tion. When Earth communications Jock is retained, the spacecraft deflection
maneuver must be implemented as two separate maneuvers; one applied along the
spacecraft spin-axis and the other a pulsed maneuver applied normal to the
spacecraft spin-axis. When Earth communications lock is broken {second option),

a single deflection maneuver applied along the precessed spin-axis'in the opti-
mum direction is utilized. Both techniques provide acceptable entry conditions -

for the probe. .
Orbiter Mission (PJ0p'80)

- Another mission is described wherein the spacecraft is put into orbit
immediately after the probe entry mission is completed. The entry angle,

P 3 el




latitude and inclination of the prebe are virtually identical to that of Pdg 79,
so probe reactions are the same in both cases. The communications parameters
differ so some treatment of both follows.

The spacecraft ovbit is to be nearly coincident with the egquatorial plane,
so a nominal separation/defiection radius of 500 Rj. the spacecraft Jovian
latitude is oriented to +0.02 degrees {North). Thus, probe injection is into a
low angle inclination trajectory with the spacecraft inserted into a near-zero
inclination orbit. This 1is achieved as part of the defiection maneuver imple-
mentation as seen from the eguatorial plane depicted in Figure 8.

Following separation from the Pioneer spacecraft, the probe passively des-
cends to a shallow angle entry into the Jovian atmosphere while the spacecraft
is deflected for a near overfly of the probe and insertion into a Tow periapsis
(taken at 1.8 RJ), Jow inclination (0.07 degree) Jovian orbit.

PROBE AND SPACECRAFT APPROACH TRAJECTORIES
PJO, 80 MISSION

PROBE MISSION

PROBE

SEPARATION/DEFLECTION

SPACECRAFT ~  CORRECTION

w557 INSERTION

TRANSMISSION

FIGURE 8
Spacecraft Phasing Time and Periapsis Radius
The variation of entry spacecraft and entry probe aspect angle with phas—
ing time is presented in Figure 9 for three values of spacecraft periapsis
radius; other values have been omitted for simplicity of presentation. Typical
- (in this instance, ~desired) limits are indicated by feathered Tines. . Limit
‘angles for the probe and spacecraft are 33 degrees and 105 degrees, respect1ve1y,
for a Pioneer-type spacecraft. In the case of the former, adequate probe com-
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munications transmission is maintained when the probe aspect angle is held to
values less than 33 degrees. Moderate excesses in probe aspect angle can be
tolerated at entry but not later. On the other hand, the Tlimit value of 105
degrees for the spacecraft aspect augle represents a hard constraint. When
this angularity is reached, communications 1link between the spacecratt and probe
is broken because of shadowing by the big dish (9 t diameter) of the space-
craft., The preferred value for spacecraft aspect angle is approximately 65
degrees which is the center of the spacecraft beamwidth.

VARTIATION OF ENTRY ASPECT ANGLES WITH SPACECRAFT PHASING & PERIAPSIS

Pdp '79 FLYBY MISSION

s SPACECRAFT

MAXIMUM

100~  SPACECRAFT ASPECT ANGLE

SPACECRAFT
5 PERIAPSIS IN B;
2.2

g0/
Wi 70f-  PROBE MAXIMUM
= S SPACECRAFT
2 60 MAXIMUM
[F%]
o
= 50—
= PROBE ASPECT ANGLE
el
2 'PRCBE MAXIMUM
E ol SPACECRAFT
= PERIAPSIS IN R;

ol

10~

0 | ! ] | I I 1

0 o1 0.2 03 04 05 05 0.7
SPACECRAFT PHASED TO PROBE ZENITH IN HOURS PAST ENTRY FIGURE 9

Aside from the inverse variational nature of the aspect angle with periap-
sis radius, inspection of Figure 10 shows that minimum values. of spacecraft
aspect angle occur in the vicinity of 0.3 hour phasing time, Acceptable values
of probe aspect angle are also obtained in this time region. Clearily, the
larger values of spacecraft phasing time (greater than 0.5 hour) are difficult
to obtain even with the spacecraft orbit inclined to Jupiter's eguator,

18




VARIATION OF ENTRY COMMUNICATION RANGE WITH SPACECRAFT PHASING AND PERIAPSIS

ENTRY COMMUNICATION RANGE ‘IN 1000 KM

120

10

100

90

70

60

50

40

PJP‘79 FLYBY MISSION

$/C MAX
ASPECT ANGLE
s/C ?ERIAPSIS

N R,

2.2

PROBE MAX
ASPECT ANGLE

i | L i - [} 1

0 .2 3 A .5 6 .7

SPACECRAFT PHASED TO PROBE ZENITH IN HOURS PAST ENTRY ,
' FIGURE 10

19




Corresponding communication angles at entry are presented in Figure 11,
As expected, communication range increases rapidly with increasing phasing
time as well as spacecraft periapsis radius. Except for increased deflection
maneuver requirements, the study communication ranges are within acceptable
bounds. Communications ranges up to the vicinity of 110,000 km (typical SUAEP
value) present no major probiem to communication system designers. The major-
ity of results fall within this range 1imit. Also, communication range tends
toward a minimum as the spacecraft approaches its specified phasing time,

The effect of post-entry geometrical change is demonstrated in Figure 11.
Here curves of constant communication duration are superimposed on the param-
etric grid of entry aspect angle and spacecraft phasing time. Again, communica-
tions duration is taken as the time between probe entry and when the spacecraft
reaches an aspect angle of 105 degrees. Note that probe aspect angle will
decrease through zero as the phasing time is reached, but since spacecraft
aspect angle reaches 1imit values near phasing times, post-entry probe aspect
angle variations do not affgct communication duration.

Communications durations of the order of 0.5 hour can be achieved by care-
ful selection of phasing time and periapsis radius but not exceeded apnreciably.
When the requirement for maximum probe aspect angle is retained, a spacecraft
periapsis radius greater than approximately 2.1 R; is needed to obtain these

durations. As will be shown later, adoption of such a radius happens to impose
a severe penalty on deflection maneuver requirements.

The variation of communication duration with spacecraft phasing and
periapsis radius is shown in Figure 12. Maximum achievable values are just
slightly greater than 0.5 hour. These maxima are reached at phasing times in
the vicinity of 0.5 hours. As phasing time is increased further, communication
duration falls off very rapidly to zero (1imit spacecraft aspect angle at
entry). This characteristic is therefore classified as a hard constraint on
trajectory trading. Unfortunately, maximum durations are achieved at the
expense of excessive probe aspect angles or a large spacecraft periapsis radius,
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ACHIEVABLE COMMUNICATION DURATIONS
PJP '79 FLYBY MISSION

SPACECRAFT ASPECT ANGLE SPACECRAFT
PROBE MAXIMUN MAXIMUM
100 SPACECRAFT —\
PERIAPSIS 0.3
- IN Ry 0.4
2.2 0.5
80}
o 0
] 70 0 5 0 4ﬂ'3§
E F L3 0.4
= 6o} COMMUNICATIONS
a1 DURATION IN HRS 0.5 ;
= 5l &Y SPACECRAFT -
=T [
o MAXIHMUM i
i |
g A0 Lo
&= ok MAXIMUM |
& 2 i
- SPACECRAFT
3 PERIAPSIS IN Ry !
10~ PROBE ASPECT ANGLE
0 | . g .1-

] P 1 1 .
0 01 o2 03 04 05 06 07
SPACECRAFT PHASED TO PROBE ZENITH IN HOURS PAST ENTRY

FIGURE 11
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COMMUNICATION DURATION IN HOURS .PAST. ENTRY

VARIATION OF COMMUNICATION DURATION WITH SPACECRAFT PHASING
: AND PERTAPSIS

PJ,'79 FLYBY MISSION

P

CUTOFF AT MAXIMUM SPACECRAFT ASPECT ANGLE OF 105 DEG

.

.4 |-5/C PERIAPSIS

IN R,
2.2
ST 2.0
1.8
2F
ak
o— —— S IS
0 K .2 .3 4 .5 6

SPACEGRAFT PHASED TO PROBE ZENITH IN HOURS PAST ENTRY

 FIGURE 12 -
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Impact of Deflection Maneuver Requirements

Results of the parameiric study in spacecraft phasing time and spacecraft
periapsis radius presented in the preceding discussion suggests selection of
the largest possible spacecraft periapsis radius (rp = 2.2 RJ) and & spacecraft
phasing time of 0.5 hour past entry. This combination tends to maximize com-
munication duration (>0.5 hour). Unfortunately, such a cantination requires
total deflection maneuver aAV's greater than 112 m/sec (about 53 1b on a Pioneer-
probe flight). In Figure 13 maneuver requirements were held to SUAEP values of
less than 80 m/sec (or 36 1b). If these SUAEP values must be retained, the
spacecraft periapsis radius must be no larger than 2.0 Ry with spacecraft
phasing times of about 0.43 hour, Again, the spacecratt deflection maneuver
is implemented as two separate maneuvers where one is applied axially along the
Earth-1ine (i.e., along the spacecraft spin-axis) and the other is applied
normal to the spin-axis in a pulsed manner. Herein, the two maneuvers (called
total) are summed as an indicator of gross deflection maneuver requirements.
Notice that the break in the total curves is attributed to a nulling effect on
the Earth-Tine maneuver. It is important to recognize that positive values of
the Earth-line component represents a thrust application along the spin-axis
but away from the Earth indicating acceleration required; negative or Earth
directed for the flyby Pdp '79 mission considered (deceleratipn).

One way to alleviate the problem of excessive AV requirements is to per-
form the deflection maneuver farther from dJupiter (i.e., earlier) than the 500
RJ utilized. This effect is shown in Figure 14, The variation of deflection
maneuver AY requirements with deflection radius is given fog a spacecraft
periapsis of 2.2 Ry and a phasing time of 0.5 hour. Some reduction in deflec-
tion aY is apparent, but with the sphere of influence at 674 R; improvement
prospects are limited. In addition, reduced accuracies could be expected with
a greater deflection radius.

- Parameter Influences on Communications Geometry

Several other mission and trajectory parameters can infiuence communica-
tion geometry. Of these, the variations in entry path angle, entry latitude,
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DEFLECTION MANEUVER aV [N 1/sec

DEFLECTION MANEUVER REQUIREMENTS :
Pdy, 179 MISSION

DEFLECTION MANEUVER AT 500 Rj

200
160+

' 2.2

120+ SPACECRAFT TOTAL 2.

PERIAPSIS IN R PROPELLANT 1.3

2.2
804 24 NORMAL
0
_ )
0 —
0.7

=40
=80L

~ SPACECRAFT PHASED TO PROBE ZENITH IN HOURS PAST ENTRY

L M s B

~ FIGURE 13
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DEFLECTION MANEUVER aV IN M/SEC

VARIATION OF DEFLECTION MANEUVER AV WITH DEFLECTION RADIUS
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I
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|
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and interplanetary transit time have been checked for impact on communication
geometry, especially communication duration. The relationships for entry from
an orbiter mission are illustrated in Figure 15. The sequencing involves a
detection and a correction maneuver to minimize entry dispersions.

The influence of entry path angle on communications geometry is shown in
Figure 16, The variation of antry aspect angie and communication duration is
shown as a function of entry (inertial) flight path angle for a typical space-
craft periapsis-phasing time combination., As entry path angie is increased
(in negative direction), a very notable improvement in spacecraft and probe
aspect angle (reduction) and communication duration (increase) occurs, In
fact, if an entry path angle of ~10 degrees or higher could be tolerated by the
forward heat shield, a preferred spacecraft aspect angle (65 degrees), and
probe aspect angle (less than 33 degrees) is achievable with communication
durations approaching 0.5 hour with the illustrated periapsis-phasing combina-
tion. Duration jmprovement is 0.07 hour over a nominal value of 7,5 degrees.
Furtner, the relatively low periapsis radius of 1.8 RJ for this example imposes
rather low deflection maneuver reguirements on the spacecrafit as seen i Figure
13 for a t1yby mission. {Note that they are comparable for orbiter missions.}

Probe entry latitude is also an influence on communication geometry. As
seen in Figure 17, both spacecraft and probe aspect angles vary with entry
tatitude of the probe, but Tatitude has little effect on mission duration.
Entry latitudes less than +1 degree will give desirable aspect angles. How-
ever, these lesser entry latitudes require Tower trajectory inclinations for
both spacecraft and probe (Figure 18), but the Tower inclinations do increase
the radiation hazard for both vehicles. The effect of Tatitude is illustrated
for several latitudes north and south in Appendix I.

Since the baseline interplanetary transit time for this study was preset
at 854 days, it is apparent from Figure 19 that little improvement_in communica-
tion duration can be achieved by a variation in transit time. It is obvious
that the selected value was chosen with maximum communication duration as a
criterion by ARC personnel.

26

PR Fv




MISSION PROFILE FOR JUPITER PROBE
PJOP*80 ORBITER-PROBE MISSION

SEPARATION .
DEFLECTION TIMELINE SEQUENCES

MANEUVER SEPARATION: 49d:23 h: 54m: 51.88s END OF MISSION: ~ 6m:00s
DEFLECTION: —49d:23 h:32m;3%.88s SPACECRAFT PERiIAPSIS: 00m:00s
CORRECTION: -23d:8h; 47m:13.20s

ENTRY: -20m:34s (PROVIDED)

CORRECTION
MANEUVER

PROBE

.-—-"l'--_ e —

SPACECRAFT - - T
~ APOAPSIS
JUPITER BURN
sl S Y
ENTRY —<'/
DATA ORBIT INSERTION BURN
TRANSHISSION

t= 30 MIN {(DESIRED)
PERIAPSIS

PROBE
KISSION COMPLETION

FIGURE 15
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INFLUENCE OF ENTRY PATH ANGLE ON COMMUNICATIONS GEOMETRY

) L
100 v PJP 79 FLYBY MISSION

SPACECRAFT PERIAPSIS = 1,8 Ry
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INFLUENCE OF ENTRY LATITUDE ON COMMUNICATION GEOMETRY
: Pd, '79 FLYBY MISSION
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VARIATION OF TRAJECTORY INCLINATION WITH ENTRY LATITUDE .
Pd;, '79 FLYBY MISSION

P
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COMMUNICATION DURATION iN HOURS PAST ENTRY
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Separation Maneuvers (Picneer/Mariner)

At roughly 500 RJ from Jupiter the probe is released and the spacecraft is
retargeted for a phased overfly of the probe during the probe's data gathering
descent into the Jovian atmosphere. Probe gathered data is transmitted to the
spacecraft for relay to Earth., The following text discusses the probe as
carried by a Pioneer spacecraft primarily. At points where significant varia-
tions occur, if tha probe is carried by a Mariner, the nature of the variations
is included for illustrative purposes. This study was not scoped to include a
complete solution of koth variants but noting the points of difference will aid
any study of Mariner accommodations by this focusing of attention., Thus, space-
craft as used herein generally refers to Piongers, but, where both are dis-
cussed in a paragraph, the generic label is inserted to distinguish between
them. A typical separation to entry trajectory for a Jupiter Flyby with probe
mission is shown in Figure 20 but relationships are simitar for orbiter missions.

DEFLECTION AND CGRRECTION MANEUVERS

. DEFLECT 10
MANEUVERS
PROBE
TRAJECTORY
CORRECTION
MANEUVER .
1
SPACECRAFT
TRAJECTORY ™
FLYBY
FIGURE 20
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Spacecraft and probe attitudes throughout the plsnetary encounter phase
are established by the requirement for spin-axis alignment along the Earth-line
for the retention of Earth~lock by the Pioneer spacecraft. This requirement
results in the implementation of the spacecraft deflection maneuver as two
separate maneuvers - one is applied along the Earth-line (Pioneer spacecraft
spin-axis} and the other is a pulsed maneuver applied normal to the spin-axis.
The numerical sum of these two separate maneuvers is about 70 m/sec for this
mission - applied at 500 RJ with a spacecraft periapsis of 1.8 Ry. The techni-
que for a Mariner transported probe varies in two steps: (1) Earth-line orienta-
tion is broken prior to probe release with the spacecraft stepped about its
three axes to place the probe into a zero angle of attack attitude at the apex
of peak deceleration, and (2) the deflection maneuver need not be a pulsed
normal component because of the three axis stabilization capability. To effect
avy=0at paak deceleration, the angle at 1000 km (or beginning of gravity turn
phenomenon) the entry angle, y, would be approximately -3 or -4 degrees. Note
that a probe spin up is also required for Mariner bus carries.

Since errors accrued during the spacecraft deflection maneuver can result
in intolerable dispersions in communications geometrical parameters (especially,
spacecraft and probe aspect angles with values in the vicinity of +20 degrees,
30 having been encountered), a spacecraft correction maneuver has been incor-
porated into the mission profile to bring these dispersions within manageable
bounds. This correction maneuver has been rather arbitrarily applied at 260
R'J (24,6 days before probe entry). Such a mid-descent maneuver permits adequate
time for post-deflection trajectory determination while retaining minimal aVv
requirements for correcting the spacecraft to the desired periapsis radius.

It is of course recognized that the retention of Earth-lock is incumbent on

this maneuver. Although rigorous study of this correction maneuver is still
to be made, both the AV size of the maneuver (approximately 5 m/sec) and the
resulting dispersions in communications parameters have been estimated. The
maneuver{s) is considered to be beneficial whether Pioneer or Mariner borne.

Dispersions Following Deflection and Correction Maneuvers

The deflection and corraction maneuvers are executed at a radius of ™
{600 Ry) and ry {~200 Ry) as illustrated in Figure 20, The method of estimai-
ing dispersions at flyby due to errors in the correction maneuver is given in
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Figure 21. The rationale is that the -deflection maneuver will be executed with
zero error along the Earth-line {because of Earth tracking) but with a 6% error
(30) in the component rormal to the Earth line. Effects of ephemeris ervors

of the spacecraft and the planet are not changed by the deflection maneuver.
Also, the correction maneuver is assumed to have the same error characteristics,
or a 6% {3v) error normal o the Earth line. Referring to Figure 21, it is
assumed that flyby dispersions due to the deflection maneuver errors will be
reduced to 6% of the values calculated. This improvement is dramatically

illustrated in Figure 22.

ESTIMATE OF DISPERSIONS FOLLOWING A DEFLECTION AND
A CORRECTION MANEUVER

DISPERSIONS FOLLOWING DEFLECTION MANEUVER:

2 2 /2

AS = [ AS; + 43, 1
EPHEMERILS AV MANEUVER
ERRORS ERRORS

DISPERSIONS FOLLOWING DEFLECTION/CORRECTION MANEUVER:

' 1/2

AS% + (.06)2 Asz2 i
EPHEMERIS AV MANEUVER
ERRORS ERRORS

aS = [

RATIONALE:
a) Error (3c) in executing deflection maneuver is 6%

b) Residual error follewing correction maneuver is 6% of deflection
maneuver erroy,

c) Ephemeris errors unaffected by correction maneuver,

- FIGURE 21

Accurate assessment of the flyby dispersions following the correction
maneuver(s) requires a new ana]ysis tqo1 to calculate the dispewsiqns by a

Monte Carlo or other probabilistic technique; Monte Carlo means that a random

variable (flyby position) is generated by repeated simulations of a random
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process and the standard deviations calculated based on actual occurrences.
This analytical approach is required because the flyby dispersions are a func-
tion of the product of two random varjables. The computer program used des-
cribes dispersions by a linearized covariance technigque which is applicable
because the dispersions following the deflection maneuver are 1inear combina-
tions of random variables and constants, not products of random variables.

For example, the Jet Propulsion Laboratory estimates the second and subsequent
mid-course correction maneuvers by Monte Carlo techniques since dispersions
after the second maneuver are functions of random errors in the second maneuver
which, in turn, are a function of random errors in the first maneuver, The
same is true for any manheuvers that follow the second one,

To illustrate the calculation of the correction maneuver and flyby dis-
persions, consider the flyby dispersions following deflection assuming no
correction maneuvers;

AP = Fy E;VT {evror vector)
Sp = Fy SEAV] F1T {covariance),
where the overline (— ) denotes a random variable,
The required correction velocity change is:
M, = (Fz-])(F1)( Sy} {8V, vector)
Sy, = (F,”")(F ])(SEAV1)(F1T)(F2'] )(aV, covariance).

Now, the error in AVZ is a random function of AVE,

= KAVS = K =1 —
SAVZ = KA 2 = K(FZ )(F] EAV1)'
Flyby position error following AVZ is

.
8P = F K F,™ Fy

EAV].

The covariance of AVZ can be estimated by Tinearized covariance techniques

since it is a function of constants (F2 F]) and a Gaussian random variable

AV However, Tlyby dispersions after the correction maneuver are functions
%he product of two random variables K and EAV and can only be estimated

(pract1ca1]y) by a Monte Carlo analysis. !
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Communications Geometry

Flybys of Jupiter by Pioneer 10/11 have proven two important points. First,
that hardened electronics can survive the Jovian radiation helt. Second, that
interplanetary guidance is accurate enough to assure shallow entry angles, It
is the latter point which is of paramount interest here, alithough without the
former, the entry question wouid hardly have arisen.

Given that “he interpianetary guidance is sufficiently accurate to allow
shallow {cool) entries into Jupiter, rather than steep (hot) entries, the over-
riding thermal protection problem abates significantly. Hence, other questions
of mission feasibility can be explored; namely, communications.

The study begins with the interplanetary trajectory previously discussed.
This defines the arrival date (angle to the Earth from the hyperbolic asymptote)
and hyperbolic excess velocity. From this, the deorbit conditions can be appiied
to the probe, and subsequent hyperbolic orbit corrections applied to the space-
craft.

The communications studies fall into two categories: the early studies of
varying the communication system characteristics while leaving the spacecraft
trajectory fixed (periapsis at 2 radii), and the later studies leaving the
communication system characteristics essentially fixed and varying the post-
separation spacecraft trajectories. The first or parametric studies are.
documented in the following subsection titled, "Spacecraft Relationships";
the later, more tailored studies are documented in the subsection titled,
"Orbit Variations" starting on page 56.

Spacecraft Relationships

The spacecraft is aimed at the entry point of the planet up until probe -
release. As the probe descends, the spacecraft is deflected to a predetermined
periapsis passage altitude, By adjusting the spacecraft defiection velocities,
different geometries, that affect communications range and aspect angles can be
achieved. Physically, slowing the spacecraft parallel to outbound asymptote
(phasing) results in changed range and angles. Actual design of the Tink is.
preceded by an examination of these parameters as given in a previous section.
The process provides a preliminary estimate of Tink capabi}ity7 The relation—
ships are given in Figure 23, ' '
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Initial investigation of the 1ink for Jovian entry indicated that for an
entry angle, ¥ = -10 and -7.5 degrees a link was feasible under best conditions
though inadequate under the worst and some of the nominal descent conditions.
The analysis was expanded to consider design variations in wission profile,
probe parameters, and spacecraft equipment in a Jupiter flyby (PJ_'79) environ-

p
ment.

Refined Link

From the analysis of the interplanetary trajectory, histories are
caiculated of the antenna look angles and comunication range; typical
outputs are shown in “Probe Description". The next step is to employ this
geometric data together with the elecirical characteristics of the 1ink to
estabiish the relative 1ink performance, herein called Tink margin. For
this study the latter step has been automated.

The communication geometry history data used in the following paragraphs
describing approaches is. derived from Figures 10-12 and 16-19, In summary,
the communication range for a 0.4 hr phasing is 72,000 km, the spacecraft
aspect angle, defined pictorially in Figure 23, is 73 deg and the probe
aépect angle is 28 deg at entry. These parameters all change in value until
communication termination at the time that spacecraft shadowing occurs.
 Physically, the receiving antenna for probe data is cut-off by the shadow cast

38




by the 9 ft diameter S-band antenna effectively at an aspect angle of 105 deg.
This occurs in the 3o dispersion case (with a correction of spacecraft positioning
and orientation) at just over 0.4 hr after entry, At that time the probe aspect
angle is down to O deg + 3suncertainties and range is down to 58,000 km.

Hence, probe aspect angle and range improve as the spacecraft overtakes the

probes radial position, but, as the spacecraft passes the probes zenith

(assuming identical planetary tracks), the spacecraft tends to cut-off
communication by self-shadowing the receiver antenna.

Seven approaches to communications were studied: E
Approach 1 - The initial investigation centered on varying the communications %
parameters and holding the trajectory fixed. The first approach is then

to directly try Saturn/Uranus Tink parameters on the Jovian trajectory.
Briefly, this Tink is a 400 megahertz, 40 watt, 44 bit per second
transmission over a microstrip antenna which has a 66 degree beamwidth and

is centered along the probe's roll axis to a Toop vee antenna which has a

50 degrese beamwidth and is axially symmetric with the peak gain 65 degrees
off the roll axis. Figures 24 and 25 show the Tink margins for iwo entry
angles for the Saturn/Uranus Tink parameters. The data for these, and
succeeding probe variations is documented in Appendix II. The 10 degree
entry provides slightly better communications performance than a 7.5

degree entry, however, the latter has Tower heat protection requirements

so it was selected as the baseline entry condition, Note that for a

nominal exoatmospheric trajectory, the margin in a 7.5 deagree entry
Lrajectory never exceeds the sum of the adverse tolerances which is
completely unacceptable.

Approach 2 - Some improvement in performance seemed to Tie in increasing
the carrier frequency since background noise (both cosmic and synchrotron)
decreases with increasing frequency. The increased noise is one of the
major differences between the Jupiter mission and the Saturn/Uranus
missions. Figures 26 shows these noise effects, Figure 27 shows the
atmospheric aid ionospheric absorption, and Figure 28 illustrates the
margin. It is seen that even though the environment becomes less severe
with increasing frequency, the margin is still lower with increasing
frequency. This Towering is caused by the increased 1 ‘'ee space Joss with
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fixed beamwidths which more than offsets the gain in noise reduction.
Just increasing the frequency does not of itself improve performance,
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Approach 3 - The next approach is to "improve the probe" as much as
feasible. That is, one could increase the transmitter to the Timit-of-the
art, 50 or 60 watts. Margin can also be gained by reducing the data rate.
Figure 29 shows two possible ways to decrease the rate to 21 bits per
second. One way is to simply cut the neutral mass spectrometer rate in
half (taking either Tess samples or eliminating one of the two read-outs)
and interleaves the memory dump 1:2 with the real-time. The other way

cuts the neutral mass spectrometer to 1 bit per second (inferring data
prOCESSing)'and interieaves the memory dump 2:1. Although neither approach
may be satisfactory as a final solution from the data handling viewpoint,
the former has the advantage of minimal impact on the neutral mass e
spectrometer, and the Tatter has the advantage of the quicker dump of the
memory. The total impact of memory dump time will be considered when -
varying the spacecraft trajectory. Herein, only the rate is of concern.



Questions of memory dumping vate and neutral mass spectrometer data
processing depend upon the science strategy selected by the NASA.

Figure 30 shows the margin history for this 1ink configuration. The margin
for a nominal trajectory is above the adverse tolerance for nearly 0.4
hour. Except for worst case dispersions, this could be acceptable.

DATA COLLECTION CONFIGURATIONS
0 APPROACH 3

{A) SATURN/URANUS

. MEMORY
ATMOSPHERIC SCIENCE (4 BPS) (22, 8PS)
MASS SPECTROMETER (16 BPS)——Dn22 BPS mes)

¥
ENGINEERING (2 BPS) 44 BPS

(B) ALTERMATE 1 - JUPITER

MEMORY
ATMOSPHERIC SCIENCE (4 BPS)——"1 7 BPS

MASS SPECTROMETER (8 BPS)——)=+14 BPS———s3"

ENGINEERING (2 BPS) ————j

21 BPS
(C) ALTERNATE 2 - JUPITER
. MEMORY
ATMOSPHERIC SCIENCE (4 BPS)——% 12 BPS
MASS SPECTROMETER {1 BPS)=——=t =7 BPSmp

ENGINEERING (2 BPS) 21" Bps

FIGURE 29
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Approach 4 - The fourth approach is not so much a full variation as simply
answering the question of how a 50 watt, 21 bit per second system

performs as a function of frequency. Figure 31 shows the same trend as
approach 2.

Approach 5 - As seen from the preceding‘margin histories, all of the 1inks
terminate fairly early and very abruptiy. This shutdown is caused by the
assumption of zero receiving gain at angles where it is shadowed by the

9 foot diameter dish of the spacecraft. An obvious option then is to add
an additional antenna on the side of the spacecraft which faces the
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Earth. To maintain gain, of course, this antenna is electrically

separate from the rear or outbound anianna, with a separate receiver, and

a decision device between the itwo antennae/receivers to select the output
with the "best” (greatest automatic-gain-controt) sigral, Figure 32
{1lustrates the margin history, As seen, the nominal trajectory has neariy |
one hour above the adverse tolerances of the 1ink table. I a deep
penetration is required, then the second receiving subsystem is needed

to obtain full receipt of the data.
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Approach & - Any structure in front of the big spacecraft dish could aiso
cause some blockage of that dish antenna, thus the size and location of
the probe receiving antenna is important. For a loop vee receiving
antenna, the circumference is approximately a wavelength, or at 400
megahertz the diameter is about 9.4 inches. A big dish feed structure

has been sized as 11 to 16 inches, thus minimizing the 1ikelihood of
blocking the main antenna. If blockage became a question, higher
frequencies could be employed. Figure 33 11lustrates the effect of higher
frequencies. The frequency trend is the same as in Approach 2. Herein,
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for twice the baseline frequency, 800 megahertz, or a 4,7 inch diameter loop vee,
the wargin drops from 8,75 dB to 7.6 dB. This may be an acceptable probe relay link
degradation trade-off to preclude blockage loss to the direct-to-Earth 1ink,
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Approach 7 - As a final approach, 1f no blockage is allowablz, and the
short view times of one rear antenna are unacceptable, the margin can be
increased by despinning the spacecraft receiving antenna., As noted at the
beginning of this section, the receiving antenna is taken as being axially
symmetric, i.e., having its {rotating) beam center a fixed angle off the
spacecratt roll axis. This is the simplest impiementation for a spinning
spacecraft, which is a tacit assumption. However, if the spacecrafi were
not spinning, at least electrically from the relay 1ink viewpoint, the
effect of increased gain with fixed aperture and with increasing frequency
could be employed to increase link margin, Figure 34 illustrates the
effect. Because of the finite efficiency of devices with high frequency,
an optimal frequency in the vicinity of 800 megahertz does occur.

An unmodified Saturn/Uranus relay communications 1ink is not acceptabie
for a Jupiter mission as the link does not have adequate margin to overcome the
probable adverse tolerances. Simply increasing the frequencv degrades the
pérformance. Increasing probe transmission power and decreasing probe data
rate also create a marginally acceptable subsystem. The nominal mission is
above adverse tolerances for a short time, but the worst case exoatmospheric
trajectory case is always below the adverse tolerances. A viable alternative
is a dual switchable system (antenna/receiver) aboard the spacecraft.
Increasing frequency for this approach, to decrease pessibie big dish blockage
effects, is acceptable relay geometry. If a despun antenna is developed and
the short view times associated with one antenna are acceptable, a pointed
spacecraft receiving antenna can dramatically increase the relay link margin.

Orbit Variations

In the preceding section the perturbations were 1imited to elecirical
variations of the communication system. The effects of varying the spacecraft's
trajectory with a periapsis of 2 Jovian radii with a phasing (time from probe
entry to the spacecraft passing overhead) of 0.4 hour was not varied. It can
be seen that in all cases the dispersions in the relative trajectories of the
probe and the spacecraft created large variations in the margin histories,

Most of these dispersions are shown to be due to the angle/burn errors
associated with changing the spacecraft trajectory after probe release. As
postulated there, if these angle/burn errors are eliminated by a second or
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"correction® burn, the variations in communications range and antennna Took
angles would be significantly reduced. Accordingly, in this section, the
influence of several spacecraft nominal orbits is explored on two different
antenna configurations. The probe transmission parameters are assumed to be the
same as for the spacecraft link.

Two principal spacecraft receiving antennas were evaluated on the Saturn/
Uranus 1inks. The Toop vee is a relatively small antenna having a 50 degree
beamwidth in revolution and a beam center 65 degrees off the outbound roll
axis. The Lindenblad is a 3 element array with a 40 degree beamwidth in
revolution and a beam center which is electronically steerable fore and aft
along the roll axis. The Toop vee was selected in the Saturn/Uranus study
because of its small size, relative simplicity and acceptable margin by
mutual agreement of the spacecraft and probe contractors and by Ames Research
Center. First, the spacecraft orbit effects are determined for the loop vee
(A) and then for the Lindenblad (B) antenna.

(A) Loop Vee Antenna
Figure 35 depicts the margin histories for the spacecraft periapsis from
2.2 to 1.7 radii and spacecraft phasings from 0.2 to 0.5 hour. The data for

these histories is given in Appendix II. The abrupt termination of the margin
histories is due to shadowing by the big spacecraft dish. It is somewhat dif-
ficult to assess this mass of data. For example, taking a 1.8 RJ periapsis case,
it is secn that as the phasing time is increased, the initial margin drops,

while increasing the viewing time. At a phasing of 0.4 hour, the 1ink starts

out just above the adverse tolerance 1imit, increases to a peak of 7.1 dB, then
drops bejow the adverse tolerance line at .375 hour after entry, then abruptly
ends at .44 hour, A phasing of 0.5 hour, never brings the margin above the sum
of the adverse Tink table tolerances.

In order to determine the optimal performance a new parameter is defined,
This parameter is the total received energy, i.e., the integral of the margin
curve. Figure 36 shows these data. As far as the analysis went, the closer
in the spacecraft, the higher the parametric value, with the best phasing being
near 0.26 hour. However, for this entry case only 0.3 hour of trahsmission
time is available. For the nominal and warm atmosphere models 0.3 hr does permit
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probe data transmissions down to the maximum desired pressures, thus fu]fiT]ing
mission requirements. It does however restrict the time available for read out

of stored data.

Nominally more than one data store dump is desired in order to
verify that acquisition has been achieved.

SPACECRAFT PHASING VS TOTAL RECEIVED ENERGY

o LOOP VEE ANTENNA -
o] PJP‘79 FLYBY MISSION

2.2 -

i

2,0

1.6 ¥

1.2 L

TOTAL RECEIVED ENERGY (INTEGRAL OF HISTORIES)

=1.8R

= 1,7 Ry

C =

0 5

PHASING TIME, HR

52

.

1.0

FIGURE 36 -



The table below summarizes the mission times over which storage is required

in a typical flyby mission (PJp‘79) using the same data handling assumptions as
for SUAEP.

ACCELEROMETER STORAGE TIME REQUIREMENTS

Time {seconds)
~.0004+t0 |-.014t0 -.0004+%t0
Atmosphere | Entry Angle H.OTgE+ -SgE& —3gE+
Warm -5 40 247 287
-7.5 24,4 | 134.6 | 164
Nominal -7.5 10.7 97.2 107.9
Cool -7.5 7 67 .4 74,4
-10 28 50.5 53.3

In the worst case atmosphere and worst case entry angle situation (5 deg),
287 seconds of storage is required. At the Saturn/Uranus design rate of 180
bits per second, this corresponds to 51,660 bits of storage. When dumped at
22 bits per second, .65 hour is required. If the entry angle is Timited to
7.5 degree, a maximum of 164 seconds is required, resulting in a total of 29,520
bits of storage for a .37 hour dump time. The dump time is still in excess of
the optimal time defined by a total received energy parametric, even without
considering the receiver acquisition time, Acquisition time precedes
scientific data transmission time and is of the order of two minutes. Refine-
ments may cut its duration somewhat but halving the fime doesn't help overall
transmission time significantly.

Another interesting cross-plot of the margin histories is shown in Figure
37, Herein, the transmission time is shown, both the "total" (to zero decibel
margin or blockage), and that above adverse tolerances. It is seen that as the
periapsis is lowered, the time above 0 db margin decreases while the time above
adverse tolerances increases. This trend continues until the trends cross,
when both design periods decrease with further lowering of the periapsis. The
"break" away to Tower transmission times shown for the time above adverse toler-
ances is due to the initial portion of the trajectory being below the adverse
tolerance 1imit, e.g. in the margin history of the periapsis of 1.7 with a 0.5
hour phasing. As seen from the figure, the optimal spacecraft orbit to maximize
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the communications fdr this antenna configuration is a 1.7 periapsis with a 0.4
hour phasing yielding a coincidental 0.4 hour transmission time.
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Figure 38 illustrates several alternatives for dumping the stores, given
a 24 minute (0.4 hour) transmission, In (A} the Saturn/Uranus design is shown to
aid comparison., Briefly reviewing the design, (1) the preentry store is a
Tfirst in-last out which is initiated prior to the least resolvable g-value
(-.00049E+),(2) at -.01gp (a reliable g-point) the 2700 bit store has trapped
-.0004 to -.0lgptand the remaining store filled, (3) at some point (typically
-2 or —39E+after maximum decelevation} transmission can begin and the preentry
store is capped off, (4) 2 wminutes are allowed for acquisition followed by a
redundant dump 6f the acquisition store, and finally, (5) the preentry store
is dumped twice for redundancy. For the Jupiter Warm, y = -5 degree entry with
a 51,660 bit store it is obvious, from (B) that dual store dumps cannot be
accommodated in 24 minutes, or for that matter nct even a single dump fully.
If only the -7.5 degree entry design of 29,520 bit preentry store is to be
accommodated, as in (C), a single dump time is still in excess of 24 minutes.
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A possible solution is dropping the neutral mass spectrometer to 8 bits per
second, resuiting in a 14 bit per second real-time rate and 2:1 interleaving of
the stores, see (D), which results in a transmission rate of 42 bits per
second. This gives a 2.5 minute margin which is barely adequate,

A possible variation in the preentry store to reduce the dump time is to
reduce the amount of data collected, The data is currently collected at a con-
stant 5 samples per second., Given that the atmosphere above some level, say
~39E+,1s essentially exponential, the -.UDU4gE+ to ~3gpt data could be collected
at a lower rate, say once per second., The -39E+(up the deceleration curve)
occurs at 42 seconds in the worst (Warm -7.5 degree entry) case. The store is
then (27 + 42} x 180/5 + (137 - 42) x 180 = 19,584 bits. This could be dumped
in 18.84 minutes with the acguisition store, or well within the 24 minute com-
munications time. In all cases, triggering or cueing occurs by the data handl-
ing equipment reading the uninterrupted accelerometer data flow.

(B} Lindenblad Antenna

The advantages of Lindenblad equipped spacecrafi are the narrower beamwidth
(additional gain} and the ability to electronically present the beam center,
For this analysis the half-power beamwidth is constrained to graze the shadow
of the 9 ft dish, which places the maximum beam center at 85 degrees. Figure
39 shows the margin histories for the same range of spacecraft periapsis and
phasings as for the loop vee antenna. The data for these piots is given in
Appendix II. The increased gain of this antenna is apparent in the histories,
not only for the increased absolute margins, but because the transmission cut-
off due to adverse tolerances generally coincides with the cut-off caused by
shadowing of the big dish.

Figure 40 illustrates the total received energy versus the phasing for the
Lindenblad antenna. Compared to the Toop vee case, the maximum energy occurs
at 0.4 hour phasing, rather than 0.26 hour.

The transmission times versus phasing are shown in Figure 41. Except
for the break at 0.5 hour phasing, which is caused by the initial portion of the
mission being below adverse tolerances, the shadowing and adverse tolerance
view-times coincide. The optimal spacecraft trajectory for the Lindenhlad for
the range of trajectories investigated is a periapsis of 2.0 Jovian radii and
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a 0.4 hour phasing; resulting in a view time of 0.46 hour. This is 3.6 minutes
Tonger than the optimal loop vee capability. For this trajectory/antenna combin-
ation, the Jupiter Warm -7.5 degrees data handling approach of Figure 38(C) would
be acceptable, i.e., the neutral mass spectrometer could be kept at 16 bits per
second.

Conclusions

Using an unmodified Saturn/Uranus relay link with a variety of probe data
rate, transmitter power, receiving antenna combinations with a fixed spacecraft
trajectory led to the concliusion that none of these combinations were totally
satisfactory. Dispersions in the relative trajectories of the spacecraft and
probe resulted in Targe margin variances which cannot be adequately
accommodated.

By correcting the spacecraft trajectory to minimize the dispersions,
optimal spacecraft periapsis (1.7 RJ)/phasings (0.4 hour) become apparent.
The Satur./Uranus communications link design (40 watt, 400 megahertz microstrip
to Toop vee) can then accommodate a Jupiter mission if minor variations in the
data handling system are made. Typically, these variations include the amount
of storage (from 17,400 to 31,200 bits at most), the number of memory dumps
(from 2 to 1.27), and revised neutral mass spectrometer sampling rates (from
16 to 8 bps). Selection among these varjations must be made while simultaneousiy
considering science data gathering strategy (instrument value as a function of
altitude), heat protection requirements, thermal histories, probe stability,
and spacecraft deflection errors. Jovian ephemerides will be adequately in
hand after Pioneers 10 and 11 and two Mariner Jupiter/Saturn flybys to assure
manageable position error sources at probe release, but the other factors do
affect transmission capability.
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TRANSMISSION TIME PARAMETRIC ANALYSES
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SCIENCE

A number of fundamental issues regarding the solar system can be clarified
by means of atmospheric entry missions to the outer planets. Of these planets,
Jupiter is the most attractive for atmospheric exploration. Jupiter has re-
ceived the greatest attention from astronomers, so that new data can be fitted
into a rich mosaic of previously obtained knowledge.

The specitic information that we seek to know about Jupiter falls into
four categories: planetary environment, energy sources, chemical composition
and state of evolution. With regard to the planetary environment, ultra-violet
radiation and energetic particles,which originate at the Sun, impinge on Jupi-
ter's outermost atmosphere., The specific interaction between the planet and
the incoming radiation is a function of Jupiter's particular chemical and
electromagnetic properties., Due to its strong magnetic field, Jupiter is sur-
rounded by an intense bell of highly energetic protons and electrons.

With the identification of nydrogen as the major chemical component of
Jupiter's atmosphere has come a verification of the theory that this planet is
very similar to the Sun in composition, but existing at much Tower temperatures.
Direct, accurate identification of the chemical compounds present in the atmos-
phere and measurement of their relative abundance and isotopic ratios can
elucidate the chemical history of Jupiter from the time of its formation out of
the primordial solar nebula.

Jupiter, Saturn and Neptune have the unique characteristics of emitfing
much more thermal energy than they receive from the Sun. The data from the
infrared radiometry experiment on Pioneer 10 indicate that Jupiter emits over
twice the incident solar radiation. The identification of the sources of this
emission and the radiative mechanism by which it is generated mey prove that
Jupiter is a stillborn star or one in the last stages of decay.

A strong case for Jupiter aimospheric entry missions can be made in terms
of the questions that will remain unresolived even after the Pioneer 10 & 11
flyby missions. On the basis of the Principal Investigators' analyses of
Pioneer 10 Jupiter data, it appears that the infrared photometry and radio
occultation experiments are unable to proviue a precise description of Jupiter's
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atmosphere. The obstacles to defining Jupiter's atmosphere by means of remote
Tlyby experiments arise from the dense opaque nature of the atmosphere. In the
case of optical spectroscopy. the spectra of the atmosphere has proved to be
very difficult to interpret, especially in the infrared. There are an enormous
number of weak lines in the spectra for which we cannot ascertain a correspond-
ing quantum state. The presence of aeroscis in the atmosphere compounds the
difficulty of interpreting the spectrum. These particles tend to scatter the
incoming solar light, causing the path of an incident photon to be quite com-
ptex. Also, the scattering power of the aerosols exhibit a wavelength depen-
dence. Therefore abundance estimates require meastrements of Tines of compar-
able intensity in the same region of the spectrum and resuit in relative rather
than absolute abundances.

Radio occultation is also of limited usefulness. In very dense atmospheres,
such as Jupiter's, extinction of the radio signal is cauded by excessive de-
focusing attenuation within the atmosphere. In the case of Jupitey extinction,
this occurs at a pressure level for S-band of 2.8 bar. Below this level no
further tangential penetration by radio rays is possible.

Science Objectives
The probe is designed to fulfill these four scientific objectives:

Near Planetary Radiation -

The energetic particle detector provides an integrated measurement of high-
energy protons and electrons from 2 RJ to 1 RJ, in order to complete the mapping
of the Jupiter radiation environment.

Atmospheric Structure -

The accelerometer Q&EEriment measures the aerodynamically - induced accel-
erations of the entry probe by the planetary atmosphere. The ambient atmospheric
dansity is derived directiy from the aerodynamic deceleration. In the lower
atmosphere the data on atmospheric structure from the accelerometer are supple-
mented by direct measurements of atmospheric temperature and pressure. '

The Tocation of cloud layers within the atmosphere is determined with the
backscatter nephelometer. Information on the density of the layers and their
optical opacity is obtained by combining a comparison of the nephelometer and
visible-IR flux meter data.
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Atmospheric Composition

The chemical composition of the atmosphere is determined primarily by the
mass spectrometer. A supplementary measurement of the hydrogen/hnelium ratio is
provided by an explicitly designed gas chromatograph.

Visible-IR Spectra Raaiations-

The thermal energy emitted into the atmosphere is measured by the visible -
infrared flux meter. These measurements are correlatabie with those obtained on
the orbiter.

The design rate of sampling related to altitude is depicted in Figure 42,

The Atmosphere of Jupiter

The definition of the atmosphere of Jupiter is the reason for the mission,
but a good postulation is required in order to design a probe that has adequate
margins for success. The sources avaijlable for postulation are earth-based
sensing, flyover spectroscopy and occultation data. Currently, the results of
all three do not correlate. The S-band occuitation data obtained by Arvydas J.
Kliore's team, the JPL Principal Investigator, during the Pioneer 10 fiyby are
used to bound several design aspects because it is more diffuse that the mono-

graph values of Reference 5. Curves of the results are shown in Figures 43
through 45, however, the design is based only on Reference § data.

The experimentalists' data are given in Figure 43, with the altit.
referenced to the local distance from Jupiter's center. The Tower portion of
the figure is a facsimile of Kliore's curve. As can be seen, above 70,550 km
three separate temperature curves are given, for T0 = 50, 100 and 150K,
respectively. This circumstance arises frem the fact that an initial value for
the temperature must be assumed in converting radio frequency (rf) attenuation
into atr.ospheric parameters. Also, above 70,575 km the atmosphen: proved to be
too diffuse to attenuate the vf signal; therefore, above this level theoretical
considerations must be invoked to obtain complete atmospheric properties.

The most inciusive analysis of the upper atmosphere of Jupiter is by
D. F. Strobel and G. R. Smith (Reference 6), who includes the effect of hydro-
carbon photochemistry on atmospheric properties. Strobel predicts a constant
thermospheric temperature of 165K for a Jupiter atmospheric composition similar
to that assumed by Kliore. Therefore, it is reasonable to fair in a thermo-
pause temperature of 155K into the 150K branch of the radio occultation curve.
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By use of the radio occultation data in Figure 43 and the ideal gas law,
the properties of Jupiter's atmosphere can be derived. The results of this pro-
cess are given in Figures #4 and 45, name\y plots that interrelate altitude,
pressure and number density. Two altitude references are used, distance from
Jupiter's center and distance from the 1 bar pressure level. The 1 bar level
occurs at 70305 km, 490K and a number density of 1.52 x 1018 mo]ecuTes/cm3 for
the Tatitude of occultation,

Prior fo acquisition of the Pioneer 10 data, various Jupiter temperature
profiles had been proposed. OF these the one by D. M. Hunten (Reference 7)
has received wide currency., It is instructive to compare the Pioneer 10
altitude-temperature curve with Hunten's model. This comparison is made in
Figure 45. 1In order to make the comparison, the altitude of the tropopause in
Hunten's model is placed at the indicated tropopause observable in the radio
occultation data, 70460 km. The altitudes of the other atmospheric boundaries
in Hunten's model are then referenced from their distance from the tropopause.
The mesopause altitude predicted ty Hunten coincides with that detectable in
the Pioneer 10 data. That Hunten's model reflects the existence of a distinct
mesosphere is the consequence of a deliberate choice cn his part. He intention-
ally constructed a simplified model that neglected the effects of photochemical
reactions that result in ultraviolet cooling in the mesosphere. Strobel's work
was undertaken to assess these photochemical effects.

The differences between theory and experiment in tne lower atmosphere, below
the mesopause, are very vivid, and have incited considerable discussion, Con-
ventional wisdom has predicted a tropopause temperature of about 115K; a value
of 210K is derived from the radio occultation data. Temperatures this high in
this region of the atmosphere are not anticipated based on Earth-based infrared
spectroscopy. It is hoped that the Pioneer 10/11 data force a rigorous re-
examination of Jupiter atmospheric models. The influence of the internal
planetary thermal source, measured by Pioneer 10 to be nearly equivalent to the
incident solar heating, must now be included in any serious atmospheric model-
ing. As of this date no compietely rigorous study of the combined effects of
external and internal heating has been done, hampering the task of probe design
with minimal margins of safety. Thus, overdesign and overdevalopment are re-
courses that are resorted to for high probability of mission success.
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The chemicals that have been identified in Jupiter's atmosphere by visible
and infrared spectroscopy are hydrogen, methane and ammonia. The presence of
helium was strongly suspected but not directly observed. Now the Pioneer 10 1
ultraviolet photometry experiment has yielded a direct identification of helium
in the Jovian atmosphere. In answer to a direct question as to the trend in i
the data with respect to the hydrogen-to-helium abundance ratio, the Pioneer
Jupiter ultraviolet photometry Principal Investigators (Judge and Carlson)
replied, "roughly solar" or numerically about 18, atomicalily.

The most prominent features in the spectrum of Jupiter are the absorption
bands of methane and ammenia {Reference 8). Tn 1960 the diffuse quadrupole
Tines of molecular hydrogen were detected. The presence of helium in Jupiter's
atmosphere was always strongly suspected, but never directly observed. An
estimate of the abundance of helium, derived from the extent of the pressure-
broadening of the 6190A methane bands, is < 34 km - amagat. This value sets a
lTower Timit to the hydrogen-to-helium ratio:

H2/He > 2.5

The direct detection of helium in the atmosphere of Jupiter involves the
observations in the far ultravioiet. The strongest feature in the spectrum
of helijum is the 584A Tine in the jonization spectra. This line js invisible
to ground-based telescopes due to the earth's ozone layer and is too weak

to be detected with rocket-borne spectrographs or small earth-orbiting
observatories. Hence, we had to wait for the close-up measurements from
Pioneer 10 (and 11 which has not yet been decipnered).

The Pioneer ultraviolet photometry experiment (Reference 9) employs a two-
channel photometer to measure the emissions from the hydrogen 1216A and helium
584A Tines. The radiative processes being observed are the resonance scattering
by the Jovian atmosphere of incident solar hydrogen and helium line emission.
The photbmeter measures the photons that impinge on photocathodes from the two
emissive sources. Data reduction involves converting the photoelectron current
to radiative flux and thence to abundance ratios. The preliminary published

report (Reference 10) presents provisional values of about 1000 rayleighs and
10-20 rayleighs for hydrogen and helium, respectively. As noted above, the
PIl's preliminary estimate of H2/He is that corresponding to the solar atmosphere.
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Prior to having the ultraviolet photometric measurements, the presence of
helium was inferred from 1its identification in the sun's atmosphere and the
assumption that Jupiter's composition closely resembles the sun's. Measurements
of the solar corona indicate an atomic hydrogen-to-helium ratio: o

H/He = 16. (Ref 11)

In Jupiter's atmosphere, the hydrogen is in the mo1ecu1ar state, H2, Therefore,
the assumption ﬁhat ihe hydrogen to helium in Jupiter's atmosphere co responds
to the solar abundance ratio yields a molecular abundance ratio:

H2/He = 8

The abundance ratios for CH4 and NH3 as derived from the visible and infrared
spectra are:

1.4 x 103

HZ/CH4
and

3
Ho/NH,

1

6.0 x 10
There is close agreement between the measured values for the sun and Jupiter.

The conclusion reached is to assume as the nominal composition model for
Jupiter the following (solar) abundance ratios.

Hz/He

n

8

1.4 x 10°

[t}

Hy/CHy
- 3
HZZNH3 = 6.0 x 10

Instrument Imnlementation

To characterize the atmosphere, the probe must carry a complement of
instruments that can obtain a variety of data that permits correlation of
Earth-bound and spacecraft-borne measurements. The complement of instruments
s designed to supply the information to meet the objectives previously. listed.

Figure 46 1ists the science instruments and measurement charactefistics
of each of these instruments for the Pioneer Jupiter Orbiter Probe mission.
Some of the material in this report was “done prior to inclusion of the gas
chromatograph, visible IR flux meter, and energetic ‘particle detector, e.g.,
the Pioneer dupiter Probe for 1979..
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SCIENCE PAYLOAD
PJOP'SO ORBITER MISSION

INSTRUMENT OBJECTIVES RANGE SAMPLE RATE
« ACCELEROMETER DENSITY PROFILE 07001 1 sps DURING — 0.004 g TO -0.01 pp+4
LONGITUBINAL 07010 g
0 70 800 gg 4 sps DURING — 0.01 g TO -3 gE'P
LATERAL 07010 g 0.05 sps
« PRESSURE GAGE PRESSURE PROFILE 0 TO 0.1 atm 0.05 sps (LOWER ATHOSPHERE)}
0705 aim
0 TO 10 atm
0 TO 25 atm
0 TG 50 atm
« TEMPERATURE GAGE | TEMPERATURE PROFILE 50 TO 5509K 6.05 sps (LOWER ATHOSPHERE)
« NEUTRAL MASS COMPOSITION 1 TO 40 AU CONTINUOUS SAMPLING WITHIN THE
SPECTROMETER LOWER ATHOSPHERE (12 bps)
« GAS CHROMATOGRAPH* Ha/He RATIO N/A 3 GAS SAMPLES (0.5 bps)
« VISIBLE/IR FLUX* TEMPERATURE VARIATIONS | 0.5 TO 55 um 3.0bps
METER
« NEPHELOMETER CLOUD LAYERS N/A 15bps
« ENERGETIC PARTICLE* ENERGETIC PROTONS PROTONS > 60 MeV | 2000 bits

N/A = NOT APPLICABLE
* NOT INCLUDED IN PJP'79 MISSION FIGURE 45
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Accelerometer - The accelerometer unit is a self-contained package that consists
of three orthogonally mounted mass-rebalancing accelerometers along with their
supporting electronics. It is a modified version of one used on the PAET
vehicle {Reference 12) and Pioneer Venus. The package is mounted with the
lengitudinal accelerometer aligned with the centerline of the probe and with
the proof mass as close as possible to the probe's center of gravity. A

compromise Tocation longitudinally is planned between fore-and-aft c.g. extremes.

Pressure Gage - The pressure gage is a single unit that contains four pressure
transducers and a common electronics package. The inlet ports of the pressure
gage is collocated within the atmospheric sampling inlet tube assembly. The
four transducers successively provide readings in the ever-increasing pressure
domains.

Temperature Gage - The temperature gage consists of two components, the depioy-

able sensor unit and the electronics package. It is typical of platinum wire
sensors used in many space probes except for its deployment. M mechanism is
needed which must eject a carbon-phenolic plug as well as extend the sensor.
It is located outward on the forward cone to assure high velocity flow over
the dual platinum wires.

Neutral Mass Spectrometer -~ The neutral mass spectrometer is a double focusing
maghetic deflection instrument similar to one used on the Atmospheric Explorer
Satellite. Atmospheric gas sampies are obtained through a 0.48 cm diameter
tube which is concentrically housed within a deployable tube of 1.7 cm diameter.

Deployment is initiated by a pyrotechnic pin-puiler which releases a preloaded
metal bellows. A continuous sample of the atmosphere is tapped off a manifold
via a sampling tube. As the probe descends through the atmosphere, data is
obtained at all pressure levels once the tube is deployed. The continuous
sampling spectrometer being considered requires repackaging to a toroidal plan-
Tform.

Gas Chromatograph (HZ/He Ratio) - The gas chromatograph shown i5 a modified
version of the one being developed for the Pioneer Venus. This is a dedicated
instrument which explicitly measures the Hz/He ratio during the probe descent.
It also taps off of the manifoid; it is a single column instrument.
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Visible Infrared Flux Meter - The visible-IR flux meter is an adaptation of
the Pioneer Venus net flux radiometer. The instrument is deployed by a spring-

loaded,four-bar mechanism through a jettisonable port in the aft heat shield.
The detector looks down at the planet to measure variation in radiant energy
levels as the probe descends into the atmosphere. An upward measurement is of
little value as the baseline entry longitude is 15-20 degrees beyond the evening
terminator.

Nephelometer - The nephelometer is a Ames Research Center design for the Pioneer
Venus probe. The instrument consists of a light source, Tenses and an optical
detector. These components together with the power supply and data processing
electronics are packaged into a single unit. The unit is Tocated aft of the
Tfoam equipment cover and looks out radially after porthole cover removal. The
incident Tight on a particle produces backscattered light which is simply
tallied for transmission. No sizing of particles is accomplished.

Energetic Particle Detector - The concept of the energetic particle detector

is based on the Aerospace Corporation detector used on ATS 1. Modifications
to the packaging are reguired to Tit it into probe. The detector looks aft
through the probe aft heat shield with a 40° cone-angle field of view. The
detector measures energetic protons above 60 MeV and a spectrum of electrons.
The instrument will function during the 45 minute period of descent that
precedes entry. It is energized on a signal from the x-day clock, which also
energizes the data handling system and the pre-entry store.

Instrument Accommodation

Each of the instruments are accommodated within the probe as shown in
Figure 47. Addition of a gas chromatograph and an energetic particle to the
science payload necessitated a rearrangement of some toroidal segments and
relocation of some connectors within the baseline design. The visibie- infrared
flux meter is located in the aft hemisphere. It requires the incorporation of
another porthole in the aft heat shield, but Tittle else besides thermal
insulation. Two science instrument changes also resulted from the rearrange-
ments: the temperature sensor is mounted radially farther out as are the
pressure sensor capsules.
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Instrument Installation

The location of science instruments in the probe considered packaging for
survival of high deceleration entry loads and c.g./balance constraints, primarily.

0f the five science instruments three viewing instruments (visible-IR
flux meter, nephelometer and the energetic particle detector) are installed
aft of the equipment cover. In the aft hemisphere instruments require thermal :
insulation wraps to maintain in-transit temperatures (nonoperating) between i
-40°F to +20°F. The remaining instruments inside the equipment cover are
maintained within their temperature limits.

The accelerometer package is attached to a rigid structure in the hub
section of the mass spectrometer anaiyzer section. This positions the longi-
tudinal accelerometer axes along the centerline of the probe with the proof
mass as close as possible to the probe's center of gravity.

The pressure gage is located between the two outer rings of the probe at
330.2 mm (12 in.) radius from the probe ‘iongitudinal centeriine. Pressure
sampling is obtained from a tube with the inlet coilocated with the gas sampling
inlet tube.

The temperature gage consists of two components, the deployable sensor unit
and the electronics package. Before deployment the sensor unit is positioned
behind the forward heat shield in the vicinity of the probe maximum diameter.
Upon deployment the sensor unit is located in a region of high local dynamic
pressure within the flow field. The sensor is extended approximately two
centimeters beyond the probe boundary layer.

The temperature amplifier electronics package is mounted to the two outer
rings at a 330.2 mm {13 in.) radius from the probe Tongitudinal centerline
near the deployable sensor,

The neutral mass spectrometer analyzer and sampling system is a self-
contained unit Tocated symmetrically on the probe centerline. Attachment to
the probe is accomplished by three fittings extending from the structural
rings. The forward sampiing section butts against the conical apex of the
probe structure for deceleration and side-head restraint. This mounting
arrangement provides for thermal expansion and high deceleration Toads.
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The gas chromatograph is packaged in a torojdal structural box, attached
to adjacent probe structural rings. It is Tocated next to the mass spectrometer
to maintain a minimum-length sampling tube from the manifoid.

The visible~IR flux meter is mounted to the aft equipment cover at the
probe maximum diameter. A door in the aft heat shield is jettisoned to allow
sensor deployment when subsonic speed is attained. A spring~loaded, four-bar
mechanism extends the sensor outside the probe mold 1ine into the free stream.

The nephelometer is located in the aft hemisphere of the probe near the
meximum diameter, its view angle is perpendicular to the spin axis of the probe.
The instrument is recessed within the probe to prevent the accumulation of
atmospheric condensation or dust particles on an exterior window. A viewing
port is opened in the heat shield at -3 g +just prior to the initiation of
nephelometer measurements.

The energetic particle detector is housed in two packages. The detector
with a directed aperture is mounted on the aft equipment cover at the probe
maximum diameter. The electronics are packaged in the probe equipment section

just forward of and adjacent to the energetic particle detector (aperture)
package.
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PROBE DESCRIPTION

The Jupiter probe design emphasizes use of current technology and flight-
proven materials, hardware, subsystems, and components. The development phase
is based on exploitation of existing testing and research facilities,
established fabrjcation processes, ant proven aerospace methods. The probe’s
size, shape and internal arrangement is not optimized for minimum weight; in-
stead it is designed for minimum development risk. The goal is to achieve Tow
technicai risk through conservatism and moderate overdesign. Development
confidence is increased which assures minimum cost through fabrication
simplifications which preclude sophisticated validation testing.

Most of the structure, mechanisms, internal support, and other components
(see Figure 48) have already been fabricated in Ames Research Centeyr machine
shops. A full-size engineering model, complete with installed ballast equip-
ments, simulated heat loads, wire bundies, and insulation will be completed
and available for structural, vibration, and thermal test validation early
in 1975. A quarter size carbon-phenolic forward heat shield has been
fabricated, and a full-size heat shield is scheduled for fabrication next
year. This heat shield wiil be used on the engineering modei. Many design
tests, including sample inlet and contamination tests, mechanical systems
tests, heat shield specimen characterizations, insulation characterizations,
structural teosts, vibration and shock tests, thermal tests, aerodynamic
stability validations, antenna patterns, and communication simulations are
also underway.

Probe Development

The feasibility of an entry probe into Jupiter's atmosphere combined with
an orbiter based on the Pioneer spacecraft is the subject of considerabie inter-
est. Definition of a different mission imposes new uncertainties as noted in
Figure 49. Based on previously gathered analytical and test data, the '79 & 80

opportunities were studied preliminarily to ascertain the adaptability of a
probe designed for Saturn and Uranus entry to one for Jupiter entry. It is
concluded that the latter mission's requirements are compatibie with the
design of the former missions (see Figure 50). Changes in the heat shield
thickness and the communication power level and, perhaps, frequency are
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required. The addition of instruments Jed to a reformatting of data as well as
rearrangement of boxes, connectors and cabling. The net effect of these changes
is an increase in power from earlier Jupiter entry studies; the increase can

be accommodated, A shift aft in center of gravity also occurs which remains
within acceptable dynamic stability boundaries; and an increase in heat load
results which may Tead to the use of heavier gages in black-box thicknesses

to enhance heat sink capability.

The two primary hazards, viz., trapped particle radiation and entry heat
protection require continuing study to obtain optimal solutions. The equipment
section is partfally shielded by the plastic and metallic structures. Any
added metal for heat sinking automatically enhances particle shieiding if
placed on the vulnerable side. Care in timing of the entry can reduce the
environment encountered by a factor of 4 or more. Entry heat protection
can be provided by using either current state-of-the-art laminated carbon
phenolic or by near-term silica-silica heat shield materials.

A probe development schedule of three years or less (Figure 51) is well
balanced in terms of solving the important design problems early; validating
all aspects of the spacecraft-probe combination prior to compietion of flight
hardware, and progfessive fabrication of successive probes or modified
models by a single probe team. A program free from single-point bottlenecks
and multiple back-ups is thereby achieved.

Aerodynamics Analysis

The probe enters the atmosphere at a total angle of attack which is
dependent upon the spacecraft/probe separation conditions. Upon entry into
the planet's sensible atmosphere, the descent trajectory and aerodynamic
properties will determine the probe's motion characteristics. Clearly, the
motion-time history during hypersonic descent must be well established for
the mission to ensure small angies of attack during peak heating and subsonic

motion characteristics which are consistent with communications and science
constraints. A six-degree-of-freedom trajectory analysis (which incorporates
aerodynamic force-moment and stability test data) was used to predict the
motion-time history for the Jupiter mission. Figure 52 presents the results
obtained for two ditferent initial angles of attack; the 29° entry is

s
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associated with a Pioneer mission which maintains Earth-Tock during probe
separation while the zero degree case reflects the entry angle of attack if

the spacecraft breaks Earth-lock. Both calculations indicate low subsonic

Timit cycle oscillations (less than 7 deg) which are satisfactory for providing
a solid platform for science measurements and which do not significantly degrade
the communications subsystem. Entry at zero degree angle of attack results in a
near zero degree angle at peak heating while the Earth-Tock case exhibits a
maximum angle of attack of 2.76 degrees at peak heating. The highe. =ngle of
attack at peak heating resulis in asymmetrical ablation and a lateral shift in
the probe's center of gravity. HWeither the sevérity nor the effects of the
nonsymmetritaT ablation have been assessed, as yet; but subscale tests of -
ablation are underway at Ames Research Center and at the McDonnell Douglas
Astronautics Company.

The descent time history of a point mass is extended in Figure 53 to the
end of tip—ovef. The entry fiight path angte of -7.5 degrees limits entry
decelerations to the -SOOQE level which is well within the original design
value. The tip-over condition is completed by & minutes after entry,

Configuration j
The major features of the Jupiter entry probe are illustrated in Figures |
48 and 54. The probe is a compact, blunted 60 degree half-angle cene forebody '
and a hemispherical afterbody. The forebody is a single piece, machined
carbon-phenolic sphere-cone 889rm (35 in.) in diameter. The afterbody is a
fiberglass-phenolic honeycomb hemisphere (45 cm spherical radius) filled with
a low density elastomeric ablation material. The forward ablator is a 5.35 cm
(2.7 in.) thick carbon phenolic of 1441 kg/m°(90 1b/7t3) density. The billet
for this heat shield is made by layering carbon-phenolic cloth and forming it
under heat and pressure up to 690 N/mm™ (1000 psi). The heat shield is sized
to dissipate the Jupiter entry heat load {primarily by ablation) that is
calculated for a Jupiter Nominal atmosphere at an entry angle of -7.5 degrees.

Two ejectable plugs are fitted into the heat shield. One is located at
the CEﬂtEF'of the sphere-cone and accommodates the extension of the atmospheric
sampling tube for the mass spectrometer, the gas chromatograph and the total
pressure gage. The other plug allows the exiension of the atmospheric total
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temperature sensor and is Jocated on the conical section., When initiated by
the appropriate accelerometer readout, both plugs are ejected after maximum
entry heating and at subsonic free-fall velocity.

The probe's primary structure jis a 1.52 mm (.060 in.) aluminum (7075-T351)
cone {coolie hat) with 5 integrally machinad concentric rings. This structural
cone 1is machined from a formed conical billet 5.1 cm (2 in.) thick. The two
outer most rings are closed to form a box ring section by mechanically attach-
ing a pressed "L" ring of 70758~T351 aluminum sheet stock (.063 in.). This
outer box ring is the major structure to which the afterbody is attached by
31 circumferential bolts. A1l fasteners used in the probe are titanium.
Attachment to the Pionear spacecraft is at 3 stainless steel attach fittings
located 120° apart around the afterbody. The recessed attach fittings are
bolted to the fiberglass honeycomb afterbody dome. Launch loads are trans-
mitted througn the 3 attach fittings, and the Jloads are distributed to the
primary structure at the outermost box ring. The three inner machined rings
support the bulk of all the probe's support equipment and the instruments. A
2.15 cm (.85 in.) thick 1/4 8.5 fibergiass honeycomb core is bonded by a high
temperature adhesive to the outer surface of the machined aluminum cone. The
fiberglass-phenolic honeycomb core has an outer fiberglass facesheet 1.27 mm
(.080 in.} thick. The machined one piece carbon-phenolic heat shield is bonded
to this face.

The primary structure described above is designed for entry decelerations
of 800 gr with a safety factor of 1.25. This level, though not required in a
low angle entry into a Jovian atmosphere is retained in the interest of
commonality. A 28% weight reduction potential exists in the structural com-
ponents for a dedicated Jupiter low angle entry (-7.5 deg) probe, The bonded
attachment of the heat shield to this structure is not considered additive to the
structural streng%h. The nearly circumferential arrangement of the component
containers distributes the individual inertia loads to the conical honeycomb
structure almost uniformly. These individual loads are uniformly balanced
by the atmospheric pressure loads that impinge on the heat shield face
during entry, so that a minimum of bending is present on ejther the carbon-
phenolic heat shield or on the primary sandwich-type structure.
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The aft heat shield is non-structural except for its own inertia loads.
It consists ofa hemispherical fiberglass honeycomb sandwich 0.6 cm (.25 in.)
thick (two .012 in. fiberglass facesheets) to which is bonded a 0.6 cm
(0.25 in.) thick open honeycomb core. The core is filled with a Tow density
efastomeric ablator by a vacuum injection technique. The exiernal appearance
of the assembled probe is striking. The forward cone section is smooth duil black,
while the aft dome is flat white finely detailed by the 0.25 in. honeycomb cell
pattern. The afterbody is transparent to radio frequency energy for data trans-
mission and is below 2.5 gm/cm2 equivaient mass density to facilitate sensing of
trapped particle radiation internally.

Mdss Properties
The probe mass properties requirements are:

o The center of gravity {¢.¢.) should be as Tar forward as possibie and
on the roll axis. Tests indicate €.9. positions progressively greater
than two percent aft of the theoretical diameter, i.e., aft of the
intercept plane formed by extending the forebody/afterbody surfaces
causes an inctreasingly unstable aerodynamic configuration.

o The roll inertia must be Targe relative to the pitch or yaw inertia;
ratios greater than 1.2:1 are acceptable. -

o The principal axis must coincide with the rol} axis. All cross-
products and c.g. eccentricities must be nulled to provide a known
attitude at the beginning of entry,

A goal of the design activity has been to make a Jupiter entry probe that is of
the order of 150 kg (330.75 1b). The data of Figure 55 and 56 demonstrate
that such a goal is realizeable in both an orbiter and a flyby mission to
Jupiter. Of particular significance is the fact that the science payload
represents 14 percent of the take-off weight (20 percent of the end of the
mission of a PJOP'80 wission. This has been achieved through careful design
of the heat shield, restriction of the communications power level and a re-
jatively short atmospheric dsscent period. The PJP'79 designh has a heavy
weight neutral mass spectrometer; both have reduced weight corner designs.

Estimates, based on Aerotherm nominal Jovian analyses, were made of the
thickness required to fulfiil the requirements of ablative recession and of
mechanical erosion. An example of recession due to sublimgtion and erosion is
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shown in Figure 57. A standard thickness for jnsulation is used for estimates
based on analysis and extrapolation of current data available. The 125 kg/m2
serves as an acceptable average for first order effects. Progressive refine-
ments are underway in modeling this change.

An evaluation of ballistic coefficient as a funciion of time reveais that
M/CDA decreases as material is consumed during entry. Since mass loss exceeds
base area decrease, the ballistic coefficient decreases as illustrated in a
v = -7.5 deg into a Nominal model. (Note: CD variation with Mach number is
also accounted for in this curve.) Thermochemical recession accounts for a
nominal 3.3 cm and mechanical erosion 0.9 cm at the stagnation point for a probe
having a typicai value of 125 kg/m2 constant coefficient as shown in Fiqure 57.
The value changes during the mass loss more nearly as shown in Figure 58. A
ramp change 1in M/CDA will be incorporated into heat protection studies, and,
then, when all first and most second order effects (such as surface roughening)
are understood a curve of M/CDA will be used to define mass loss which will use
total heat or heating rates as the independent variable. These steps will
steadily improve probe flight characterization, especially deceleration rate
and mass loss rate.

The design of the heat shieid was found to be ultra-conservative at the
corners. A time history of predicted recession indicated that some thinning
could be accomplished. The drive to do so is based on center of gravity Toca-
tion rather than weight reduction, per se, Figure 59 illustrates the progres-
sive change in corner dimensjons, assuming uniform ablation. Note that internal
dimensions of the forebody structure are alsp affected. The reduction in weight
does partially offset weight added in the science payload.

Equipment Arrangeme: &

The probe internal equipment is packaged in toroidal segments that fit
between the integrally machined rings. The equipment is attached to the
rings by simple lug fasteners. The purpose of tailored equipment packaging
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BALLISTIC COEFFICIENT VS ENTRY TIME
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is to keep the probe center of gravity forward, to provide uniform load
distribution, and to achieve a Im.”ll-l ratio of 1.65. These factors increase
aerodynamic static and dynamic stability and pre-entry spin-stability. They
also assist in maintaining uniform internal temperature distributions. - The
toroidal arrangement includes circumferential wiring and peripheral connectors.
The entire equipment section is enclosed by a foam-insulated cover that is
attached to the outer structural box ring and supported in the center by

3 bipod fittings that bear on the inner rings. A disc-shaped (34.3 cm dia.
x.32 cm thick) micro-strip antenna is supported on the equipment cover under
the 2.54 cm foam insulatjon. The antenna has an unrestricied beam width of
more than 90 degrees through the aft hemispherical heat shield.

‘The aft heat shield has an access door for arming the probe's pyrotechnic
systems and one or two jettisonable ports for science instrument viewing and

deployment, depending on mission instrument complement. The ports are jettisoned
by compressed spring energy which are released by pyrotechnic bolt cutters. The

aft heat shield has a small hole for passage of the probe-to-spacecraft
umbilical. This umbilical is severed close to the surface of the probe by a
spacecraft-adapter-mounted, pyrotechnic cutter just prior to probe release
from the carrier bus.

The probe internal temperature control is a semi-passive system. UWhile
the probe is attached tu the spacecraft, internal temperatures are maintained
by thermal evolution of radioisotope heaters with some output to the three
spacecraft adapter attach points. Temperature sensors, located on the space-
craft adapter, control the heaters on the adapter when temperature reguiation
is required. After separation the internal temperature is maintained between
acceptable equipment limits by calculated heat balance between the internally
generated heat from radio-isotope heater units (RHU's of 1 watt each) and
conductive/radictive losses through the probe structure and an external
multilayer insulation blanket. The main heat Toss is via the same three
attachménf\ﬁdints. The external blanket is made of 25 layers of goldized
myTlar separated by insulative plastic-net separators. The blanket is nominaily
- 1.27 cm (.50 1in) thick. The insulation is tuned or adjusted in transmis-.
sibility before flight by removing partial patches that are built into the
outer layers of the insulation.
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The configuration for probe stowage on the Pioneer spacecraft is on the
bus' ghadowed side. Probe release from the spacecraft is by simultaneous gas
activation of three bail-lock release devices. Separation is also aécomp1ished
by these three ball-lock release devices. Separation is accomplished by 3 matched
springs mounted concentrically with these releas» Fittings. The three springs
impart a 0.5 m/sec relative separation velocity. Once released the probe
functions fully autonomously; the spacecrafi initiates the deflection
maneuver after a timed interval that ensures adequate physical clearance of the
probe. Premature firing of deflection thrust chambers could alter ihe probe's
attitude even though it is rotating at five revolutions per minute. This
spin-rate is the nominal spin-rate for the Pioneer spacecraft but is a
satisfactory balance between high rates to get uniform ablation during entry
and tow rates to aid rapid tip-over in the atmosphere. The spinning during
descent to the atmosphere also maintains the probe axis alignei’ to the
release condition. In the case of an undeflected Pioneer this attitude is
Earth-Tine orijented. For either a Mariner release or a deflected Pioneer
release the attitude is a zero angle of attack at peak heating attitude as
described under System Analysis.

Radiation Environment

The pre-entry environment of Jupiter is considered to be hazardous to
an entry probe in that particles are trapped in the magnetosphere. The
deleterious effects of the radiation emitted by the trapped electrons and
protons can be minimized by synchronizing the approach to penetrate the
wobbling magnetodisc at a favoreble time. A typical trajectory for the
probe was established to permit analysis of the radiation dose to be encountered
by a probe. The dose rates as a function of radial distance for the trajectory
are plotted in Figure 60 for three typical phasings. By parametrically
choosing different phasing angles for passage throughrthe particle belt
various total doses can be obtained. The results of this analysis are
illustrated in Figure 61, They show a distoried sine wave and a
variation of up to four in total dose. It is apparent from the absolute
- values shown, that synchronizing the approach to alleviate the exposure is
a mission constraint that should be imposed. Fortunately, the p1anet'rotatés
rapidly, so imposition of a specific phasing does not overly restrict the
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choice of entry windows. The synchronization requiremenis are added to the
latitude, entry angle and entry velocity requirements.

The structure of the probe inherently contains some shielding for the
electronics. The packages by and large are all within a thick carbonaceous
and metallic cone that extends well back. The most vuinerable direction is
aft where the materials provide very little mass-shielding. The iore energetic
particle radiation will pass through the aft heat shield to the equipment
section. A rigorous study is underway on the shielding provided by metal
boxes and other materials, jointly by TRW and McDonnell Douglas Astronautics.
The study will proceed to selection of internal components that are resistant
to high energy radiation.

Instrument Installation

The science instruments are located in the probe as shown in Figure 47.
In each case primary consideration was given to packaging for survival of high
deceleration entry loads and c.g./balance constraints.

0f the Tive science instruments three viewing instruments (visible/IR flux
meter, nephelometer and the energetic particle detector) are installed aft of
the equipment cover. There instruments require thermal insulation wrap to main-
tain in-transit temperature (nonoperating) of -40°F to +20°F. The remaining
instruments inside the equipment cover are maintained within their temperature
lTimits.

The accelerometer package is attached to rigid structure in the hub section
of the mass spectrometer analyzer section. This positions the longitudinal
accelerometer axes along the center line of the probe with the proof'mass'as
close as possible to the probe's center of gravity.

The pressure gage is located between the two outer rings of the probe at
13 in radiusx from the probe longitudinal center line. Pressure sampling is
obtained from a tube with the inlet collocated with the mass spectrometer iniet
probe. ' ' ' '

The temperature gage consists of two components, the deployable sensor unit
ai:d the electronics package. Before deployment the sensor unit is positioned
behind the forward heat shield in the vicinity of the probe maximum diameter.
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Upon deployment the sensor unit is Tocated in a region of high local dynamic §
pressure within the flow field. The sensor is extended approximately two i
centimeters beyond the probe boundary iayer. !

The temperature amplifier electronics package is mounted to the two outer
rings at a 13 in.radius from the probe 10ng1tud1na1 centerline near the deploy-

able sensor.

The neutral mass spactrometer and sampling system is a self-contained unit
Tocated symmetrically above the probe centerline, Attachment to the probe is
accomplished by three fittings extending from ihe structural rings. The forward
sampling section butis against the conical apex of the probe structure for
dece]eration and side head restraint, Their mounting arrangements provides for
thermal expansion and high deceleration loads.

The gas chromatograph is packaged in a toroidal struotuhé] box, attached
to adjacent probe structural rings and located next to the mass spectrdmeter
to provide minimum Tength sampling tubes. The tube is tappéd from the mass
spectrometer inltet manifold.

The visibie/IR flux meter is mounted to the aft equipment cover at the
probe‘maximum diameter. A spring-loaded,four-bar mechanism exiends the sensor
outside the probe mold line in the free stream. A door in the aft heat shield
is jettisoned to allow sensor deployment .

The nephelometer is located in the aft hemisphere of the probe near the
maximum diameter and looks out perpendicularly to the spin axis of the probe, g7
The instrument is recessed within the probe to prevent the accumulation of i
atmospheric condensation or dust particles on an exzerior window, A viewing
port is opened in the heat shield at -3 gE+3ust prior to the 1n1t1at1on of
nephe]ometer measurements. ' '

The energetic particle detector is housed in two packages. The detector
‘aperture is mounted on the aft equipment cover at the probe maximum diameter. -
The elecironics are packaged in the probe equipment section just forward and
adjacent to the detector aperture package.
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SUBZYSTEM DESIGN

The subsystems of the entry probe have all been reexamined to assure
compatibility with the objectives and requirements of a Pioneer Jupiter Probe
in 1979 and & Pjoneer dupiter Orbiter Probe flight in 1880. The subsystem
most affected by these missions is the communications. Because the orbiter
mission is more constrained by the exigencies of having to enter an orbit
immediately after the receipt of probe-gathered data, this particular mission
(PJOP'BD) is herein described. Both missions are difficuli, but fewer options
are gpen in the orbiter-probe mission. The attenuation of the signal and the
geometry necessitate increasing power to a 60W level; and up to 90 W is not
out of the question if adverse tolerances are worse than those assumed.

The heat protection subsystem is sl1ightly changed from earlier entry
studies. Refinements in analysis and the accumuiation of data, (that the
real atmosphere 1iés near Nominal and Warm models) leads to the conclusion
that modest reductions in protection can be effected espucially at the corner.
The science and engineering instrument additions coupled with a transmitter
power increase consumes more of the energy provided than that previously
reported.

Thermal studies indicate that equipment temperatures rise at a faster
rate entering Jupiter but, as yet, not critically in the short duration
Jupiter descents. The pyrotechnics have changed because the continuous
flow neutral mass spectrometer is accommodated. This report illustrates a
continuous type, but a repackaging study is incompliete. The analysis and data
rates are based, however, on the continuous form which is now the baseline
instrument.

Entry Heat Protection

Entry into Jupiter will impose a severe entry heating environment that
must be dissipated by an efficient and reliable heat protection system.
To reduce the magnitude of heating, it is desirable. to enter the planet
at as shallow an angle (within the aiming uncertaintiés)”as practiéabie,
near the equator {to obtain the maximum benefit of the planet's rotation) and
to utilize a blunt configuration with low ballistic parameter (in order to
decelerate at high altitudes). Figure 62 1illustrates the heating and
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pressure environment associated with shallow entries for the three monograph
models (Reference 5 defined atmospheres}, Preliminary analyses of the Pigneer
10 atmospheric structure experiments indicate an atmosphere wmodel, at least
in the high altitudes where heating actually occurs, that is very similar to
the monograph defined Nominal Jupiter model. The prebability of entering at
shallow angles into an atmosphere,that produces less severe heating than the
Cool or the Nominal model,can greatly alleviate the heating probiem and make
the Jupiter mission within the raaim of feasibility of state-of-the-art heat |
protection designs.

Figure 63 shows a comparison of the net heating and pressure histories
expected for Jupiter probe entry with the environment encountered by a missile
control surface (flap) protected with a carbon phenolic heat shield. The
comparison is in terms of net heating reaching the surface, that is, the re-
duction in heating due to bJowing has been accounted for., The main difference
in the two environments is that the (net) heat flux reaching the surface of an
outer planet probe js primarily radiative and the shock layer gas is a mixcure
of hydrogen/helium, whereas, in missile flights the heating is convective and
the shock layer gas is oxygen-rich air. The difference in gas composition
should have very little effect on material performance because the surface
is in the sublimation regime during the high heating regiwme. This conclusion
has been verified in available grountd test facilities. The difference in
material performance between a convective versus a radiative environment should
be small since carbanaceous materials are opaque to radiation and absorh the
incident radiative energy at the surface just as in the insiance of convective
heating. In other words, both forms of energy are absorbed on the surface
and this energy is primarily dissipated by subiimation of the carbonaceous
char. The rate of sublimation and the recassicn rate are dependent on the
incident energy flux whether radiant or convective(or both)to the surface.
Therefore, the probe heat shield that receives the higher energy flux, as
shown in Figure 63, wiil recede at a faster rate. On the other hand, the
heat shield in both entry cases will attain similar surface sublimation temp-
eratures. Note that entry surface pressures are similar. In both cases, the
heat shield will have thin but similar char layer thickness due to the high
recession rates. Therefore, both will experience steep, though similar,
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temperature gradients in the char which means similar char thicknesses and
temperatures on both sides of the char layer. This similarity permits direct
application of the wissile ¥lap technology data to validate the probe heat
shield design at this stage of probe development.

Figure 64 presents the carbon phenolic heat shield thicknesses and weights
needed to 1imit the Fiberglass substructure face to 700°K (800°F) maximum
for the design value of entry angle (y = -7.5 degrees). Because of the intense
heating environment, a large portion of the initial thickness is consumed by
sublimation (herein labeled thermochemical recession) and by mechanical erosion
as estimated from missile flight data correlations. For the shaliow entry
envelope shown, about 35 to 45% of the probe weight must be allotted fo heat
protection. v

CARBON PHENOLIC HEAT SHIELD REQUIREMENTS
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New advances in heat shield technology have been aimed at developing
materials that reflect the incident shock layer radiation rather than absorb1ng
it as do carbonaceous materials. A high density, high purity all-silica
material appears to be the most promising reflective heat shield material and
is currently being developed at MDAC-E. A charaéteristic.of the reflective _
concept is that heat shield weights decrease with steeper entries, since a greater
portion of the 1ncident heating is radiative, thus the shallow entry canstraint
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(o < =15°) required for the carbon-phenolic heat shield may be modified if the
reflective material achieves the good performance indicated by preliminary work.
This achievement is sought because communications are enhanced by steep entries
(y > -7.5 degrees), whereas, heatAprbtection thicknesses are decreased by shallow
entries (-7.5 degrees > y > skip-out boundary of -4 degrees).

The design of the structure is essentially unchanged from the description
given in Reference 1. There are differences in the precise shape of the outer
ring and in hole patterns on the attachment rings, but these are superficial.
Hence, repetition is unnecessary. |

Telecommunications

The telecommunications subsystem design is based on the Ames Research
Center trajectories and the recommended Outer Planets Probe Science Advisor
Group science payload in Figure 46. Details of the analysis of this design
are contained in Reference (13). The design proceeds in three steps: first,
the missions {trajectories), antenna patterns and carrier frequency are parametricaily
investigated to determine the optimum mission/radic characteristics. Second, the
science payload requirements together with the engineering (housekeeping)
reguirements are formulated into detailed data handling systems. Finally, the
combinations of the radio and data sysiems are evaluated to define an optimal
tetecommunications system.

The starting point for the communications subsystem design is the relative
trajectories of the spacecraft and the probe, from entry at y = -7.5 degrees to
30 minutes after entry where the probe is at either the 30 atm level (for the
Nominal atmospheric modei) or at the 22 atm Jevel (for the Warm atmospheric
model). The end points of the three trajectories investigated are tabulatedon the i
next page. In addition to these trajectories (Options A,B, and C), a fourth
trajectory was supplied (Option D) which was received too late in the study
to be analyzed in.detail. o

The Options B and C are baselines that direct the spacecraft to a nearly
equatorial Jovian plane. Option A is for the spacecraft in the plane of probe
entry. After Option A had been selected for study, Ames Research Center
formuTated another equatorial spacecraft plane trajectory with similar
communications geometry. This is Option D. Figure 65 <llustrates the relative
geometry of the Option A mission but it is representative of Option D, also,
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TABLE. OF AMES RESEARCH CENTER RELATIVE TRAJECTORY DATA

| PROBE - SPACECRAFT _
MISSION - ASPECT ASPECT COMMUNICAT TON |
OPTION ANGLE (DEG) ANGLE (DEG) RANGE (KM) COMDITION
A 4.8 . 495 76,674 A
11.7 96.7 58,541 Eom{2)
B 41.5 48.2 81,375 ENTRY
: 7.5 92.6 - 63,143 EOM -
C 43.0 16.8 77,644 ENTRY
15.9 - 95.1 58,67 EOM
D 40.4 49.4 75,200 ENTRY
13.0 99.4 58,400 EOM

(1) ENTRY: t =0 @ probe altitude = 450 km _
(2) END OF MISSION (EOM): taken as t = 30 min (the design goal for transmission)

" RELATIVE POST ENTRY GEOMETRY Y (OPTION A)

0 100
\\
B AN SPACECRAFT
N / ANGLE
AN
: B N o ‘
Eal 3 poed
=} 1
o ] / \\
1 = 50 S
Z o Th ‘ T~ RANGE
o2 wf= o ~
PRUM \'\
ANGLE T I :
A E \ ) \\ . .
~ .
S % el 02 0.3 0.4 0.5
TIME — HOURS
" SEE FIGURE 6 FOR DEFINITION OF GEOMETRY K .. - FIGURE 65
1086

P .-.-.v-v-sg-'.an..-».-mh.\-,

el




The first step in the design study is an investigation of the effects of
carrier frequency. From Reference 5, which defines the environment of Jupiter,
it is readily seen that planet noise and synchrotron noise as well as atmospheric
absorption favor high frequencies. On the other hand ionospheric loss, antenna
size, and free space loss favor lower frequencies. A parametric study from 400
to 1000 megahertz (MHz) indicated a fairly broad null about 400 megahertz with
probe beamwidths between 66 and 114 degrees. Given the carrier frequency, a |
three-dimensional parametric analysis of probe béamwidth,.spacecraft beamwidth and
spacecraft beamcenter was conducted. Figure 66 1s illustrative of these
analyses. For a given probe beamwidth and cpacecraft beamwidth-beamcenter the
optimal (minimum) transmitter power required is a condition where the power at
the initial portion of the mission exactly equals the power at the end of the
mission {on the skirts of the beams in either case). For the three missions
investigated,considering probe beamwidths from 66 degrees (aperture 1imit) to
114 degrees, spacecraft beamwidths from 40 degrees (physical size Tlimitation) to
70 degrees and spacecraft beamcenters from 35 to 70 degrees, the optimal
combination for minimum power per bit is 64/44 watts/bit for a communication
link having a 66 degree probe beamwidth and a 50 degree spacecraft beamwidth
centered at 56 degrees from the outbound axis of the spacecraft., The frequency
remains at 400 MHz but continuing studies may result in a higher frequency.
Communications is sti1l a marginal Tink in the probe design, especially in a
Jovian environment. (see the parametric analysis in Mission Analysis).

The scientific data requirements are summarized in Figure 45. From the
data handling system viewpoint the requirements can be broken into two portions.
First, the preentry portion provides radiation measurements and high rate
deceleration values at a time when transmission is not available due to unfavorable
aspact angles and entry plasma blackout. High rate engineering heat shield |
information s also desirable in this portion of the mission; provisions for heat shielc |
data are more complete than in the SUAREP design. Second, the post-entry science
data gathering portion which is during which the preentry information must also
be transmitted (interleaved).

The preentry (actually pretransmission period) data can be accommodated by a.
2000 bit radiation store, a 14,736 bit deceleration store and a 6092 bit heat shield
store. Three alternatives were investigated for the post entry data.
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REQUIRED TRANSKTTER POKER — WATTS

EXAMPLE OF POWER PARAMETRIC AMALYSIS
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FIGURE 66
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POST ENTRY FORMATS

Instrument : Format 1 Format 2 Format 3
Neutral Mass Spectrometer 12 bps 12 bps 2 bps
Gas Chromatograph .5 bps .5 bps .4 bps
Visible-IR Flux Radiometer 3 bps 2 bps .2 bps
Nephelometer 1.5 bps 2 bps 2 bps
Other Science (p, T, g) .5 bps .5 bps .2 bps
Engineering Rate - 2 bps 2 bps 2 bps
Total Post-Entry Rate 23 bps 22 bps 10 bps-

The essential differences between the designs are that Formats 1 and 2 have a
continuously sampled neutral mass spectrometer (12 bps) vs Format 3 which only
transmits the spectrometer peaks (2 bps), and that the other science {pressure,
temperature and accelerations) are varied one from another to emphasize different
species of data.

At this point a radio system evolved (64 watts/44 bps) which has a preentry
store sized for 22,828 bits and three post-entry, real-time rates conceived (10,
22 and 23 bps). The remaining task is to marry the designs. Essentially, this
means reading out the preentry store together with the post-entry, real-time data
and in sizing the transmitter. Figure 67 Jllustrates the trade. It is seen that
the combinations of readout rates and real-time rates are bounded on on. side by
transmitter size in the current state of the art and on the other by the inability
of the system to dump totally the preentry store. Considering that the 60 watt,
400 megahertz, state-of-the-art bound is "soft", i.e., a slight link penalty may
be acceptabie, whereas, a minimum readout of the preentry store is a "hard" Timit,
acceptable systems range from the 24 bps design (24/23 sps) at a 4:3 (reat: playback)
interleave ratio to a 10 bps design with 2:3 to 1:3 interleave. Because a 12 bps

neutral mass spectrometer (24 or-22 bps design) provides more constituency data, the

2 bps spectrometer (10 bps design) was not considered further. A reasonable choice,
with simple interleaving is the 22 bps real-time 1:1 interleave. For a 60 watt
transmitter this imposes only a -0.28 dB 1ink penalty at the entry condition..

The data handling functional block diagram is shown in Figure 68 with the
keadbutJof the ‘stores in Figure 65. Prior to entry an onboard clock initiates
the data system ON. From this point, hominally at 2 Jovian radii, an energetic
particle sensor begins f1111ng its 2000 bit store, and the acceieration :
'processor mon1tors the 1ncreas1ng 1ong1tud1na1 accelerometer output for -0. 01 gE'
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(backed up by a g-switch) the accelerometer data between -0.0004 ggt and ~0.01_gE+
is trapped in this Tine and high sampling rate deceleration data is then stored.
On sensing -3 gg¥ on the down-side of the peak, the preentry processors are

terminated. Next, the prt—entry processors and radio transmissions are initiated.

As the receiver on the spacecraft must search in frequency for the probe signal
(Doppler effects), a 2 minute delay Tine, real-time acquisition store assures the

first real-time data is then interleaved with the real-time data. The margin
history for the 1ink is given in Figure 70,
DATA HANDLING SYSTEM SELECTION
fa = .
Ili-l' .
g REAL TIME; STORE INTERLEAVING
o=
REAL TIME SYSTEM | & | 43 11 2:3 1:2 2:5 1:3
24 PBS 1] 18.0 24.0 36
(23 BPS DESIGN 21 42,0 48.0 £0
X24/23 SPS) 3] 123 1.54 2.46
A 1 61.09(S)| 69.82(3) | 87.27(5)
_ 5 {- 008 |-0.66 | -1.53
22 BPS 1] 1635 22.0 33.0 44.0 55.0
2| 3.5 48,0 55.0 66,0 71.0
3 113 | 150 2.26 3.01 3.76
44 56.0 |64.0(5)] 80.0(5)| 96.0:3)| 112.0(S)
5 030 j-0.28 |-L25 1 -208 | -271
10 BPS 1| 75 10.0 15.0 20.0 25.0 30.0
21115 20.0 5.0 30.0 35.0 0.0
3¢ 0.51(W 0.68(U) 1.03 137 171 205
412545 |29.09 36.36 | 43.64 | 50.91 58.18
514372 |+3.14 218 ] +138 | +0.71 +0.13
PARAMETER 1 PREENTRY PLAYBACK RATE, BPS
2 TRANSMITTED DATA RATE, BPS
3 NUMBER OF DUMPS IN 26 MiN = RATE X26X60/22828
4 TRANSMITTER POWER, WATTS, = RATE X64/44
5 60 WATT-TRANSMITTER PENALTY/ADVANTAGE, dB
NOTES: {5) BEYOND THE STATE OF THE ART

UNACCEPTABLE

110

FIGURE 67

el




PJO

DATA HANDLING SYSTEM:

'80 ORBITER PROBE MISSION

P
0.01 6 SHTCH
ACCELEROMETERS—————8——» ACCEL. m »
BODY TEMP(S) 9—|—+{ PROCESSOR
- . PREENTRY
( » STORE
FORWARD HEAT SHIELDS *| HEAT . »| 22828
» SHIELD OFF BITS
—»| PROCESSOR [ T
AFT HEAT SHIELD >
f ) A
RADIATION SENSOR
NEUTRAL MASS SPEC
GAS CHROMATOGRAPH —»  POST
 TEMPERATURE —>| ENTRY
PRESSURE » SCIENGE | oM
[ eI
RADIOMETER > MUX
NEPHELOMETER >
- L 4 1r_
- »JENGINEERING——- »| DIGITAL
OTHER ENGINEERING N T MUX
%

ON——>{ CLOCK |——] PROGRAM |——+{RELATIVE TIME]

DATA STORAGE AND TRANSRMISSION

i - )
s et b

BITS

AS REQUIRED

STORAGE CAPABILITY
o PJOP‘SO ORBITER-PROBE MISSION

22 BPS

22,828
[ P |
] H |
1 1 I
| ! i
! ! i
' 1 g
. L
2,688 - . |
P 1290 | {
2,000 21.3 E 2\ f
1 1
R —————
-001 1 ¢ w2 8
. DECEL r~TIME
ERATION (mn)
{gg)
1

B R

ACQ.

STORE  [——w fo
2640 BITS |
| DIGITAL
HUX
TO CODER
FIGURE 68
FIGURE 69




COMMUNICATIONS MARGIN HISTORY
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~ FIGURE 70

The post-entry science data formats are revised to accommodate the addi tion
of the gas chromatograph and the visible-infrared flux meter, Two formats
designs are shown in Figure 71, one of which includes rates recommended by
Ames Research Center and an alternate which simplifies data handling, particularly
the complete or partially redundant dumping of the preentry store. Both systems

work well but in Design B only the average of every ien scans of the heutral mass
spectrometer are iransmitted.

The probe design naw accommodates 20.4 kg of scientific instruments, and an
increased engineering instrument complement as listed in Figure 72, Direct
measurement of heat shield response to atmospheric heating in four quwgrd heat
shield and one aft heat shield locations are included with previously required
calibration and housekeeping information. A11 of the engineering sensors are
- sampled during preentry data storage and post-entry, real-time transmission.  These
provisions will aid in data 1nterpretat1on and, if nraded, fault determ1nat1on -

enroute or during post~m1ss1on data reduction.

The eng1neer1ng sensors cou1d be cycTed dur1ng 1nterp1anetary transit. to- check -

on probe status. The probe accelerometer can be used in all spacecraft maneuvers

for. compar1son with spacecraft propulsion performance checks. . However, merit is o

also seen by MDAC-E in Teaving the prcbe comp]ete]y dormant dur1ng all post—1aunch |
'a;t1v1t1es (except Ni-Cd battery discharge-recharge cyciing) to avoid use degradation.
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- POST ENTRY SCIENCE DATA HANDLING*

N

e s BIT RATE I
INS™ K i
NS~ -IHENT DESIGN AL|DESIEN AZ] DESIGH B H
NEUTRAL MASS SPECTROMETER(NMS) | 1240 120 | 20 i
GAS CHROMATOGRAFH (GC) 0.5 0.5 0.4 2
PRESSURE(P) 8.5 05 D.2 f
TEMPERATURE (T) 0.5 0.5 0.2 3.
ACCELERATION (5) 0.5 0.5 0.2 P
N 0.5 0.5 6.2 [
@ 2.5 05 | 02 i
RADIGHETER (R) 30 2.0 2.0 *
NEPHELOMETER (N) L5 2.0 2.0 g
FORMAT DIAGRAMS i
2.0 15 0.5BP§ 205 BPS 2 04 0.2BPS {
{ R [swct ec R | cc NMS{SYNC | P i
R | P N | P RIGC | T L)
ALT. 1 T AT 2l T , —y £
¥ _{98PS EBPS ¥ 8 8PS 3 |
z | Z SPARE j
SYRC - :
SYNC
KHS 12 BPS 23 OR 22 BPS 10 8PS
DESIGH A DESIGN B
2 BPS 2 BPS -
ENGINEERING ENGINEERING P
*SEE FIGURE 20 FOR DATA HANDLING SYSTEM WITH PREENTRY DUHP FIGURE 71
ENGINEERING MEASUREMENT LIST
WPUT
VOI.TAGE SAMPLE RATE
PARAMETER TYPE | QUANTIZATION
RANGE (SP5)
_ oo | (BITS/HORD)
FORWARD HEATSHIELD SENSOR 1 0-50mv| DELLE b §&1 . -
FORWARD HEATSHIELD SEHSQR z 0-40m¥| BDELL ] 51 LI
FOR¥ARD HEATSHIELD SENSOR 3 0-d0mY] DELL § 581 B
FORWARD HEATSHIELD SEHSOR ) 0-4Cmy| DELL 6 581
AFT HEATSHIELD SENSOR 0-40mV¥; DELL ] 521 i
HEATSHIELD TEMPERATURE NO. 1 0-5 SEHLE B ;’B'&_ 1/33 e
HEATSHIELD TEXPERATURE NG. 2 0-5 SEHL b 5:6 8 1/335 1
HEATSHIELD TERPERATURE RO, 3 0-5 SEHL b 5/6 & 1/336 ;
AFT SHIELD TEMPERATURE HD. 1 0-5 SEHL 5 5/6 & 1/335
AFT SHIELD TEMPERATURE MO, 2 0-5 SEHL B 56 & 17336
ACCELERONETER TERPERATURE 0-5 SEHL G 681742
PRESIURE GAGE TEMPERATURE 0-5 SEHL b 1142
TRANSMITTER CRYSTAL TEMPERATURE 045 SEHL b 17336
BATTERY TEMPERATURE 0=5 SEHL ] 1:42
THS TEMPERATURE 0-5 STHL £ 17335
BATTERY.VOLTARE B-5 SEHL 1 142
1 VOLTAGE STANDING WAVE RATID {YSWR} - 2-5. SERL § _IHZ'
_ TRARSMITTER POWER 0-5 SEHL b 1042
RELATIVE TIME (INTERHALLY GEHERATED) 12 BT RORD. 142
"ACCELEROMETER RAHGE — CHAHGE NO.1 -5 AL OHE € 81T ¥ORD | OH OCCURRENCE ).
ACCELEROMETER RANGE = CHAKGE HO. 7 p-5 BL QNE 6 BIT ¥QRO | O# DCCURRENCE
G-SWITCH ACTUATION ) . Q-5 BL {ME & RiT WORD| UK OCCURRENCE |
| PYRO RELAY STATE |- o8-8 BL ONE 5.BIT KDAD | ON CCCURREHEE |
1 DELL-DOUBLE ENDED 1.OK LEVEL '
-2 SEHL ~ SINGLE ENDED HIGH LEVEL
31 Bl - BILEYEL .
1N ADDITION, INTERNAL INSTRUMENT CONDITION DATA ARS CONTAINED IN ITS DATA STREAX. - FIGURE 72
13




The tefecommunications design is summarized in Figure 73. Included in the
figure are two design alternatives which hava not been ful]y'expToréd. In the
radio design an attractive alternative wou'ld be to use the two spacecraft receiving
: anfenﬁa'patterné which is actually one physical antenna with an electronic beam-
center switch. This probably would decrease the transmitter power by one-half;
thereby, reducing cost and development risk. Such an antenna would be Targer
than one with a single beamcenter, and, hence, would physically benefit from
higher frequencies. The Jovian noise environment is better known at high
frequencies. I peak neutra1 mass spectrometer data only is adequate (rather
~than continiuous samples), then the 10 bps real-time rate will def1n1te1y decrease
the transmitter power requived. This alternative to data collection deserves
further study to ascertain the ability to reconstruct the atmosphere.

SUMMARY AND ALTERNATIVES

0 PJOP 80 ORBITER = PRUBE MISSION

DESIGN SUMMARY

COMMUNICATIONS - DATAHANDLING STORAGE
« 400 MHz NEUTRAL MASS SPEC. = 12 BPS RADIATION = 2000 BITS.
. 4 BPS POSTENTRY SCIENCE - BBPS ACCELERATION=14,735 BITS :
« GDWATT ENGINEERING = 2BPS HEAT SHIELD = 6092 BITS -
"« NONCOHENT Tamsmssmu " PREENTRY PLAYBACK = 22BPS .~ . ACQUISITION ~ = 2540BITS -
~ » CONVOLUTIONALLY CODED TOTAL - =T48PS . . TOTAL =75458 BITS.
« HARD DEC!SION DECODED : o :
+ 660 TRANSHIT ANTENNA . ) _
« 50° REGEIVE ANTENNA AT ' R . REREREE
A 56 CONE ANGLE ' :
' DESIGN ALTERNATIVES .
 COMMUNICATIONS . DATAHANDLING
INCREASE TUTAL RECEIVED PONER BY SWITCHING REDUCE NMS RATE 70 2 BPS BY TRhnsurrTma um.v I i
INFLIGHT BETWEEN TWO SPACECRAFT ANTENNA - PEAK VALUES RATHER THAN CONTINUOUS ANALOG R
. PATTERNS.. PROBABLY. INCREASE CARRIER FREQUENCY  SAMPLES. , ' -
* " TO 500 — 600 MHz TO REDUCE ANTENNA SIZE: RESULT - ..« BITRATE = 30BP§. -~ -+ . e -
IN APPROXIMATELY 1/2 TRANSHITTER POKER, 1 .0UTPUT!NTEB1EAVE 1z '

-« TRANSMITTER = 84 WATTS
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- Electrical Power

* The electrical power/energy requirements for the Jupiter Oribter Probe
mission in 1980 are tabulated in Figure 74. The tabulation identifies all of
electrical users-and durations of use. -The cummalative requirements are 1ess

than- that required for a typical Saturn/Uranus entry so a modest weight reduction
In the interest of commonality

is available if the battery is sized for Jup1ter'.
and ‘growth pctent1 al this was not done.

EQUIPMENT POWER/ENERGY REQU
0 Paop"‘so ORBITER - PROBE

TREMENTS
MISSION

UNITPOWER  TiME

EQUIPMENT (WATTS)

4 (HIN)

ENTRY DETECTION:
X-DAY CLOCK (2) 150.410-8 - 72,000
G-SHITCH 0.2 47
DATA HANDLING SUBSYSTEM 10.0 77
- TRANSMITTER-OSE/MOD 1.0 77
POWER AMPLIFIER 135 30

" $CIENCE:

MASS SPELTROMETER 1.0 an
GETTZR PuMP HEATER 300 10
ORDNANCE RELAYS - R 0,001

GAS CHROMATOGRAPH 8.7 30

ACCELEROMETER 15 77

PRESSURE GAGE 1.2 30

TEMPERATURE GAGE 10 3

WEPHELOMETER 1.0 30

ENERGETIC PARTICLE DETECTOR 0.5 47

IR FLUX HETER 3.0 30

ORDNANGE RELAYS e L 0 0,00
BATTERY HEATER 30.0 130
EQUIPMENT ENERGY
. DISTRIBUTION 1OSSES (5%)
" TOTAL ENERGY REQUIR'ED
98 W- hr‘

ENERGY REQUIRED PJP 79 MISSION

" Heat Protection

ENERGY

0.3%
0.15

12.83

(W-H) -

128

67.00 -

1.33

5,00

.05 -

485

1.92
0.60
50

S 050

0.39
1.50

0.04

15.00

119.28

596
12524

FIGURE 74

- New: advances 1n heat. sh1e1d techno]ogy have been a1med at deve]op'mg

' mater1a1s that ref]ect the. 1nc1dent shock 1ayer‘ r‘ad1at1on r‘ather than absorbmg _.

'11: aq do carbonaceous matema]s. A h1gh densﬂ:y, h1gh pumty a'l'! sﬂ1ca
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matzyrial appears to be the most'promisihg reflective heat shield material and
is. current]y being developed at MDAC-E. A characteristic of the reflect1ve
concept is that heat shield weights decrease with steeper entr1es, since a
greater portion of the incident heating js radiative, thus the shallow entry -
 constraint (o« < =15°) required for the carbon-phenolic heat shield may be
modified if the reflective material achieves the gocd performance indicated
by prel1m1nary work. This achievement is sought because communications are
enhanced by steep entries (y > 7.5 degrees), whereas, heat protection thick-
nesses are decreased by shaliow entries (-7.5 degrees > y > skip-out boundary
(<4 degrees)). :

The design of the structure is essentially unchanged from the description
given in Reference 1. There are differences in the precise shape of the outer
ring and 1in hole’ patterns on the attachment rings, but these are superf1c1a1
Hence, repetition is unnecessary.

Thermal Control

The thermal control analysis is based on modeling sources of heat
generation and transport and computing temperature histories. Figure 75 shows
the major efements of the thermal control subsystem schematically. The multi-
Jayer insulation (MLI) blanket and radicisotope heater units (RHU's) provide
passive thermai contrel during the long interplanetary journey and after
separation. While still attached, the spacecraft augments the probe thermal
control subsystem by cdntro]]ing heat flow at the prdbe-adaptér attachment
points with an electrical heater and radiation surfaces on the adaptaf section.
The entry heat protection system dissipates the high heating rates:
encountered during planetary entry as it descends into the atmosphere because
the atmosphere has high heat capac1ty

Little of the stored heat actua]]y reaches. the 1nter1or equ1pment sect10n
A po]yurethane foam cover forms the aft closure on the equ1pment bay and supports

“other m1crostr1p antenna, however, controlled venting-is permitted-during Earth- -

» iascent and Jovian desrent S0 pressure d1fferent1ais remain small.

_ - The heat shield temperature distributicas, subsequent to aerodyn¢m1c heat-
1 1ng, form the 1n1t1a1 boundany conditions for the atmospheric descent portion
oF the thermal ana1ys1s As. the probe dascends into. the dense,’ relatively cold
'7’atmosphere,.the heatshield surface coois very rapidly and approaches -the temper— e
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ature of the ambient environment. The presence of a hydrogen-helium gas wixture
and a steadily increasing atmospheric density result in high surface cooling
rates that are 20 to 40 times greater than for Earth atmospheric descents.:
Thus, the major portion of the heat content of the heatshield flows back to the
outer surface with only a small fraction being leaked to the interior by conduc-
tion, radiation, and internally by convection. -Operation of the electronic
equipment yields about 175 watts of é1ectrica1 waste heat with the transmitter
providing most of this heat (135 W). Ambient planetary gas is permitted to

vent into the probe cav1ty during descent and provides a form of convective

gas flow internally which prevents hot spots but at about 10 atm it becomes a

heat source aiso. These heat transfer mechanisms are accounted for in the
analysis.

THERMAL CONTROL SYSTEM

POLYURETHANE
FOAM COVER

RADID!SOTOPE

HEATERUNITS(4) FIBERGLASS

HONEYCOMB

HIGH CONDUCTANGE

SILICONE ABLATOR " JOINTS (3)

HOLLOWED AND SOLID
CARBON PHENOLIC

—FIBERGLASS HONEYCOMB-
POWDER FILLED

WULTILAYER INSULATION
BLANKET - GOLDIZED MYLAR -

WTHDACRONNETS ' FIGURE 75 -

This tendency for. temperature on the heat sh1e1d surface to decrease _
rapidly from the peak condition, boitom out and then rise again as the 10 atm
condition is passed is illustrated in Figures 76 through 79. These histories
show the effect of surrounding air on the external surface ofﬁth?_heﬁtghie1ds'
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on the bbhdiine"temperafuré,‘and.oh the aluminum structure that is bonded to™

the honeycomb.

The temperature of the aluminum does increase about 50°F in all

cases.. The.diffehing_temperatures are plotted in Figure 80 as a function of
entry angle, y.

No appréciab1e‘dépendency'On atmosphere model s indicated.
Thus; the remaining heatshield material and the insulation provided in the form
~of ‘mixed silica and carbon materials effectively inhibits heat input variations.

This insulatioh capability is being tested currently under a separé{e-program.
The data will extend the heat transport analysis over the full heatsh1e1d and
' probe equipment Tocal Lrans1enfs - :
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This analysis also included a check on equipment temperatures. Because

the electronic components are limited to +160°F operating environments these
heat producing elements must he designed to have adequate heat capacity and
must be partially isolated from the two major heat sources: heat flow through
the heatshield and via venting during entry. A temperature rise of 120°F
can be expected in the transmitter in a 30 minute descent. This is precise1y -
the design temperature difference from entry to end of descent without any '
marg1n remaining. Some improvement is therefore necessary. The solution to
be studied first is increasing box wall thickness to provide greater heat
capacity. The histories for each of the same conditidns covered in the forebady
nose temperature ana1ys1s is shown in Figures 81 through 84 with a summary of
30 atm (peak) values in F1gure 85. 1In this case and in the forebody case the

=-12.5 degree case was made to establish an upper Timit.. -Although ~10 degrees
- is probably the steepest angle to be used for an early probe, the parametric
study is improved by 1nterpo]at1on from po1nts beyond ‘the most probab1e 1imit
_cond1t1on o
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The thermal control subsystem is a simple, semipassive concept that main-
tains uniform temperatures inside during extremely-cold and extremely-hot-phases

of the mission. Validation of heat transport rates is undevrway: (1) the fiber-
filled honeycomb rates are to be determined in Taboratory tesis, (2) a full
'sca]e eng1neer1ng model is uride - ,onstruct1on with built-in heat simulators; _
and {3) heat protection ablators are being tested. for physical propertﬁes as
well as for recessionuand-erosion tendencies., RHU's have been used ‘exter VE1y
on prior programs as have polyurethane foams. Their capab111t1es are well

understood A program of evaluat1ng mu1t11ayer insulation heat retention capa-

bility has been formu1ated (but not started) Aga1n, uge-of the MLI mater1a1 C

in similar applications permits confident designing with only validation tesi-
ing-required in'the-Probe Deve]opment.?hase,
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APPENDIX 1
HISTORY DATA FOR RADIATION PASSAGE STUDY
FOR JUPITER PROBE MISSION

Time histories for probe and spacecraft zeocentric radius, latitude, and
longitude and a cross-plot of zeocantric radius versus latitude are presented
for the Jupiter 1979 flyby missions with varying entry latitudes.

The reference coordinate system, Figure I-1, is Jupiter-centered with
the radius measured from planet center, latitude north (+) and south (-) of
the planet equator, and Tongitude east (+) and west (-) of the meridian
-passing through the sub-Earth point. The Jupiter mission nominal consists of
~.a probe entry flight path angle (Y1 = -7.5°) and entry latitude .of 4.8° and
' spacecraft periapsis of 1.8 planet radii and phasing time of 0.4 hours. Off-
nominal cases presented are for entry latitudes of +10°, 0°, -5°, -10°.
Continuing study has revealed that vy = 1.7 RJ appears to be superior to 1.8
for communication link duration. These data are used in determining fluences
and dose rates encountered during passage through Jupiter's magnetosphere¢
Three charts are given for each entry angle.
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