e e

o,

N66-18321

(AccEssioN NUMBER}

¥z

(THRL)

/

FACILITY FORM 02

(PAGES)
Y

053D

(CoDE)

32

|

/
T e o

\ -Z»mmb CR OR TMX OR AD NUMBER)

.ﬂ.?._.nﬂoms

GPO PRICE

CFSTI PRICE(S) 8

$

Hard copy {(HC)

Microfiche (MF)

ff 853 July 65

e e i

JET PROPULSION LABCRATORY
CALIFORNIAINSTITUTE OF TECHNOLOGY

ARINGHOUSE
& Technical i

for Federal Scientific

CLE
Informahon Springfield Va, 22151

Reproduced by the

PASADENA. CALIFORNIA



o . c
' ' ¥ " Rre-orDER No. (/=L {oh .

This swork was performed for the Jet Propulsion Laboratory, ' -
California Institute of Technology, sponsored by the . 4954
National Acronautics and Space Administration uudes ' i -

Contract NAS7-100, 15 SEPTEMBER 1964 .

ASTERDID BELT
AND

FIRST BILIONTHLY PROGRESS REPORT

e £ A O3 T A R U 8 A U R W b e

3 PR 2 N7 I 1 A

MISSILES & SPACE COMPANY

A GROUP DIVISION OF LOCKHEED AIRCRAFT CORPORATIORN

SUNNYVALE, CALIFORNIZ



This work was performed for the Jet Propulsion Laboratorp,
California Institute of Technology, sponsored by the
National Aeronautics and Space Administration under .
Contract NAS7-100," -

AsTe R%Lt@ Sentr

Juprrer [Fiv-By fission

= UDY

© MONTH FEASIBILITY STUDY CONTRACT NQ.950871

ST BI-MONTHLY PRESENTATION
SEPT 15, 1904




INTRODUCTION AWD SUMMARY

This brochure represenls a summary of work performed to date by lLockheed Missiles and Space

Company on JPL Contract No. 950871, The overall objective of the Study is t¢ determine ‘
alternate ways of reliably accomplishing a scilentific investigation of the Asteroid Belts and

the planet Juplter, utilizing unmanned spacecraft. The scientific objectives include measurement
of .particle distribution in the Asteroid Belts, physical and chemical properties of asteroidal
materlal, ebsefvaticn of the gross surface features of a major asteroid and measurement of Jupiter's

environment.

The Tirst two months of the study have been devoted to selecting suitable experiments, the analysis
of mission profiles and energy requirvements, the development of subsystem concepts and preliminary
estimates of the spacecraft configuration. Duriﬁg the second pﬁase, trade~offs will be performed
to allow selection of the final concepts. The final phase will involve a detailed analysis of the
chosen.congerms result;ng in final descriptions of the mission, sclentifie payloa@, subsystems,
vehicle configurations, functional specifications, relliability aspects, development progrems snd
cost, -

The pleanning of the scientific experiments has received major emphasis during Yhase I, Only very
limited data exist on the properties of the Asterolds end Juplter; this implies s wide f{ield for
future effort but also limits the planning of experiments based on current reliable theory. _The‘
approach teken was to define all desirable observatlons and apply & scientific priority to each.
Implementaticn of “the experiments was then studied end a final projact priority amarded to each
experiment. The latter operatien ineluded consideration of ease of measurement, instruzentation ‘
complexity, data storage and retrieval, as well as scientific priority. The results are summarized
lip:thbular Torm on pages 17 to 27 . Preferred experiments intlude observation of the following"

‘Asterold Belt: ) Flux and size &1stributien of partiolps. mngﬁ‘ﬁiﬁ&rihnﬁ4nn
- physical end chemical properties.

Major Asteroid: Mass. and surface visual features,



STUDY OBJECTIVES

DETERMINE ALTERNATE FEASIBLE WAYS OF MEASURING

© PARTICLE DISTRIBUTION IN ASTEROID BELTS FOR

[-VEHICLE DIA.

I00-VERICLE DIA.
o . PHYSICAL AND CHEMICAL PROPERTIES OF ASTEROIDAL PARTICLES
© GROSS SURFACE FEATURES OF ONE MAJOR ASTEROID

© ENVIRONMENT OF JUPITER

MAGNETIC FIELD

RADIATION

ATMOSPHERIC PRESSURE, TEMPERATURE, COMPOSITION
SURFACE TEMPERATURE

VISUAL



Juplter: Magnetic field, trapped particles, atmospheric composition,
thermal balance, radlo emission, suroral effects and dust

concentration.

Inspection of & major Asteroid should be carried out with (1) Ceres and (2) Vesta. The choice
of Ceres as a prime objective is based masinly on size consideration (for naximum spacecraft
trajectory perturbation in mass determination experiment). Vesta bas a higher value of albedo

but calculations of the light intensity near Ceres show that it is adequate for conventionial
7.V, pletures.

Mission'Concepts have been proposed to meet the experimental requirements (see page 1L ),
Although multiple missions are desirable for a thorough investigation, the following are recom-

mended 1f the choice is limited to single missions.

Asteroid Belt: Fly-through all belté, aphelion at & to 5 A.U,
‘Major Asteroid: Light-side flyby
Jupiter: Light~side flyby with terminal orbit inlined about 20-30

to Jupiter's equator.

A flyby of Jupiter at 2 radii is desirable for magnetic field and trapped radiation measurements.
A restriction on miss distance might be imposed by Jupiter's environment (strong magnetic field,
intense rediation and dust concentration) but preliminary investigations indicate that these
factors can be overcome by suitable spacecraft design. A composite mission consisting of a

Belt fly=-through, flyby of a major Asteroid end & flyby of Jupliter appears aﬁtractive, but for
the major asteroids examined (Ceres, Vests and Juno) no such opportunity exists, because the
Asterold orbits are incliped to the plane of the ecliptic.

Heliocentric ephemeldes have been calculated for -all objects of interest and trajectory analyses

have produced the following data.
Earth-Jupiter transfers for opportunities in the period 1970-1980 {page 39 )
Time history of a hellocentric ellipse to' the Asteroid Belts (invariant with time) (page 48)

4



SUBSIDIARY OBJECTIVES

© ALTERNATE EXPERIMENTAL CONCEPT DESCRIPTIONS
" (TECHNIQUE, INSTRUMENTATION, WEIGHT, POWER, ETC)

o SELECT OPTIMUM MISSIONS

© TRAJECTORY ANALYSES (LAUNCH WINDOWS, ENERGY REQUIREMENTS, ETC)
© SUBSYSTEM REQUIREMENTS

© SPACECRAFT CONCEPTS

© RELIABILITY.

© TRADE-OFFS AND PROBLEM AREAS

o LAUNCH SYSTEM CONCEPTS

© FUNCTIONAL REQUIREMENTS

© DEVELOPMENT PROGRAM AND COST



Earth-Ceres and Earth-Vesta transfers for opportunities in the period 1970-75 (page 53)

Long trip duration is a characteristic of all missions involved in the study; thus reliability will be
a major design consideration, Minimum-energy Jupiter missions show only moderate yearly variation in
energy requirements, with 1970 the most favorable year. However,’ at each.opportunity, the energy re-
quirement varies considerably with trip duration. Thus increasing the duration from 470 to 830 days
reduces the launch velocity reguirement by TO00 ft/sec. Also the energy-duration dependence places
striect limits on the launch window. The Asteroid flyby missiohs show considerable differences from
opportunity to opportunity. When work 1s completed on the Asteroid transfers, optimum- launch dates will
be selected for each target Asteroid. Other work in the field of space flight mechanics has been con-
cerned with the characteristles of Jupiter-centered hyperbolas for various hyperbolic excess speeds and
Jupiter pericenters, and the computation of guidapce sensitivity coefficients for the Jupiter missions
(1970-80).

Spacecraft subsystem requirements have been studled and preliminary concepts developed. Exteqsion of
Mariner guidance techniques should be suitable for all missions. Exclusive Barth-based radio tracking
(DSIF) is being considered with one or two midcourse corrections, depending on mission réquirements.
Miss ‘distances of approximately 1000 and 2000 km at Ceres and Jupitey respectively, can be achieved with
one correction. Reqiirements for observations of one of Jupiter's satellites will present additional
guldance probiems (terminal correction to include arrival time adjustment) and some launch window
restrietions. The Sun~Canopus system will be used for sta:bilization reference, and reaction jet controls
will be used, Continuous stabilization (except during maneuvers) is presently being considered. The
occultétién of the Sun when very near Jupiter may pose a problem., This might be solved by chdqsing a
suitable terminal trajectory ("light-side) or acquiring a new reference (the planet), although the
latter ltechnique is far from desirable,

Data hapdling techniques will involve storage in all cases - due to the high acquiéition rates during
the Asteroid and Jupiter encounter, vwhereas in the Asterold belts accumulation of data is reguired 1o
utilize. the data transmission link efficiently. A steerable, 7 ft dla, parabolic entenna is suggested




STUDY GUIDE LINES

MISSION  PERIOD:

0 ASTEROID BELT 1967 - 75
¢ LARGE ASTEROID AND
JUPITER FLYBY 197075

REALISTIC INSTRUMENTATION
FULL DSIF TO BE UTILIZED

LAUNCH - VEHICLES:

c ATLAS AGENA D
6 30% FLAX ATLAS -CENTAUR
+ APPROPOIATE 3RD STAGE
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for the Jupiter mission. Operating at 10W all the experimental dasta (exclusive of TV) could be
transmitted in about 19 hours. A requirement for TV information lmposes more stringent requirements,

as approximately 18 hours are required for the transmission of each frame, Transmission delay times
(about 40, min at Jupiter, 20 min at Asteroid) adds to operating power requlirements since some three times
-this period is required to ensure coherent operation of the link. Jupiter's radio noise reduces the bit
rate recelved at Earth and will probably eliminate the possibility of spacecraft reception within about .
3 to L Jupiter radii.

Preliminary power profiles for the missicons indicate sn average peak load of about 200 watts., A radio

isotope power source will be required in all cases. A SNAP-GA system (1 watt per 1b) is presently being
considered. Solar panels could be used on the shorter-duration missions but large areas are required and

severe damage from asteroid particles can be expected (see Page 65).

A detailed design of the spacecraft is contingent upon a detalled stﬁtement of scientific instrumentation
and subsystems. As this Information is not available at this stage of the study, only preliminary con-
cepts have been generated {see pages TSand‘TT). Preliminary payload estimates {total spacecraft) in-
3icate values of 1165, 1150 and 1350 .1b for the Asteroid Belt, Major Asterold and Jupiter missions,
respectively. Thig means that the Flox Atlas-Agena and Flox Atlas-Centaur launch vehicles alone will
not be adequate. A high energy kick stage comwbined with the Flox Atlas-Centaur vehicle will be required.
Even so, the Juplter mission will be limited to relatively long duration trips, The poésibility of using

other launch systems {such as Seturn 1B-Centaur) should be given consideration.

The data reproduced in this brochure were given in chart form at the first Bimonthly Oral Presentation
at JPI; on September 15, 196hk.

Phase IT Study Plan
Durihg'the'next two months of the study, the technical effort will be directed toward further analyses

and trade-off studies to achieve the following objectives:

e Selection of experiments that will provide most valueble data for each mission (within
the restraints imposed. by subsystem capability and 1a@nch vehicle potential)


http:imposed.by

STUDY PLAN

CANDIDATE |
| .EXPERIMENTS
SUBSYSTEMS
 SPACECRAFT
" LAUNCH VEHICLES

'PROBLEM AREAS

APPROACH TO
| TRADE ~OFFs

RECOMMEN DATIONS

SELECTION OF EINAL

CONCEPTS' FOR
DETAILED ANALYSIS

FEASIBILITY OF -
MULTI-MISSION
CONCEPTS

MISSION (&)
DESCRIPTION

PAYLOAD 4 VEHICLE

DEFINITION 4
PERFORMANCE .

FUNCTIONAL 4PECS

| RELIABILITY # ¢O4T -

'RECOMMENDATION

SEPT 15

NOV 12 -

NEA 92




Detailed analysis of required instrumentation and definition of scientific payload

Finalization of appropriate mission concepts

Completion of trajectory analyses for Ceres and Vesta and preparation of contour maps;
compilation of launch window data for all missions

Computation of a limited number of high-accuracy interplanetary trajectories to supplement
performance estimates obtained from the Medium Accuracy Orbital Transfer program

Tnfluence of reliability considerations on instrumentation and subsystems

Definition of recommended subsystems (thermal control, midcourse propulsion, guidance and
control, data handling, communication and power supplies)

Finalization of candidate spacecraft’ concepts and compatlible launch venicle
 Preparation of functional sPecifications

Feasibility of multi—mission concept (standard bus)
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PHASE 1 STUDY PLAN

SYSTEM
LIMITATIONS

JUPITER
ENVIRONMENT

' | QUANTITIES MISSION
ASTRO- . L. o q TO BE S CONCEPTS
PHYSICS MEASURED .
i ' \|7 SUBSYSTEM - 47
- REQUIREMENTS 1\ | |rra JECTORIES
EXPTAL. T A '
TECHNIQUES !
EXPT. LIMITATIONS il
! GUIDANCE CONCEPTS NEAR TARGET
POWER COMPARSIONS MISSION PROFILES
PROVISIONAL. ¢ CONCEPTS :
INSTRUMENTATION|  |COMM SYSTEM CONCEPTS v
, DATA HANDLING CONCEPTS
v . | . MISSION
CRITERIA PAY LOAD ] T
¢ RECS )
- . HIGH ACCURACY
SPACECRAFT DESIGN | A {JUPITER TRAJ.
, CONCEPTS
LAUNCH VEHICLE )
PERFORMANCE | — . N
B ‘ LV/S.C. CONFIGURATION
et~

CONCEPTS

PROPULSION PRELIM

THERMAL CONTROL PRELIM

11




PROPERTIES OF 3 MAJOR ASTEROIDS

CERES JUNO VESTA
PHYSICAL:
DIA (Km) 700 220 380
MAss 0™ Mg 03XI07Hg  OITXIO™* Mg
ROTATION PERIOD OH O5 M 7H 12 M 5H 20M
ALBEDO 3.2 ~60 15-120 25-26
ABS. MAG. 4.0 G.3 4.2
COLOR: INDEX 0.5 0.83 0.55
LIGHT. VARIATION (MAX) 0.04 MAG O.15 MAG O.13 MAG
ORBITAL: |
SEMI-MAJOR AXIS (AU) 2.767 2.670 2.361
SIDEREAL PERIOD (YR) 460 4.36 3.63
ECCENTRICITY 0.079 0.256 0.088

INCLINATION TO ECLIPTIC(DEG)  10.6 3.0 7.1

12



PHYSICAL

DIAMETER
ROTATION PEREOD
MASS

DENSITY
ATMOSPHERE

INTERIOR

RADIATION BELTS
RADIO EMISSION

TEMPERATURE
SATELLITES

PROPERTIES OF JUPITER

"ORBITAL ELEMENTS

"QHR. 500N
318:35 x Mg
.35 GM/CM*

H,, He, CH,, NHg
TURBULENT MOIION
BELTS AND SPOTS

CORE METALLIC H, CONTIN-
- UOUS CHANGE OF PHASE
TO ATMOSPHERE

POSSIBLY 1000 % @ TO 3R,
8

DECAMETRIC - BURSTS, CIR-
CULARLY POLARIZED

DECIMETRIC - CONTINUOUS,
PLANE POLARIZED

~ 130°K (CLOUDS)
2 (4 LARGE)

13

SEMI MAJOR-AXIS ...5.203 AU,
SIDEREAL. PERIOD  11.86 YR.
SYNODIC PERIOD 3909 DAYS.
ECCENTRICITY 0048
INCLINATION TO ECLIPTIC I”18.5"

MEAN ORBITALVELOCITY 13.06 KM/SEC.



MISSION CONCEPTS

ASTEROID BELT |
. FLY-THRU, APHELION 2.3 AU
2. FLY- THRU, APHELION 3 AU
3, FLY- THRU, APHELION 4 AU
#4, FLY-THRU, APHELION 2, ORBIT
5 OUT OF ECLIPTIC FLY -THRU
6. NEAR CIRCULAR ORBIT IN MAJOR ASTEROID BELT

MAJOR ASTEROID
% |, LIGHT SIDE
2.DARK SIDE

JUPITER . |
¥ |, LIGHT SIDE ] VARIOUS. INCLINATIONS TO 2, & CHOICE OF MISS
2.DARK SIDE J DISTANCE |

COMPOSITE . |
¥ 1, FLY-THRU BELTS £ FLY-BY 2,
% 2. FLY-THRU Ist BELT & FLY-BY ASTEROID
3.FLY- THRU BELTS, FLY-BY ASTEROID AND JUPITER

} VARIOUS CHOICES OF ASTEROID

14



PLARING OF EXPERIMENTS
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DESIRED SCIENTIFIC OBSERVATTONS:. ASTEROID BELT AND jUPITER EXPLORATION MIGSSIONS

In general, the present étatg of knowledge about the Asteroid Belt and Jupiter is poor; many observations
{particularly of Jupiter) have ylelded information which has not yet been theoretically interpreted., A
hundred years of observation of Jupitér's clouds has not led to a general theory of the Jovian atmospheric

circulation.

The following tables summsrize the areas in which valuable information could be obtained and rank the

desired observations in classes of sclentifié priority. The range of measurement refers to the conditions

under which the observations should be made.

The estimated scientific priority 1s a preliminary judgement on the value of the information and reflects
the needs of a varlety of disciplines. A high priority (élass 1) may be awarded on several bases. For in-
stance, weli—defihed measurenents likely to give clear positive results that can be used to test currénﬁ.
tﬁeories have been'assigned a high priority. Measurements that miéht be correlated with well-known ter=
_restrial phenomena (e.é. Jupiter's radiation belts), or might be needed for future space missions (e.g.
meteoroid concentrations) are also considered imporiant, Special conéideratidn pas elso been glven to
experiments tha£ are extremely éifficult or impossible to do from Earth (e.g. Jovian dark-side phenomena)‘

and obsepvations that would fill obvious gaps in the present body of knowledge.'

A low priority {Clsss 2 or 3) bas been given to undefined exploratory experiments which might be difficult
to interpret and to speclal phenomena peculiar t6 the Asteroids or Jhpiﬁer which might have no relevance

to the rest of the solar system, or even to the overall structure of the system of minor planets or Jupiter.

16



DESIRED SCIENTIFIC OBSERVATIONS

ASTEROTID BELT
‘Quantity to Present Range of ' Seientific
be Measured Stetus Measureuments Priority
Particle distribution in Only small arca detcctors
Asteroid Belts have been flown near Earth.
a. Flux (density) a. Uaknowm 1
distribution
b, Size distribution . l/u to 1 km dia. h
Physical and Chemieal Ro data avellable, Unknown 1
Properties of asteroid
material,
Velocity distribution Data only on large - 5 to 12 km/sec rel. 2
of Asterold Materlal asteroids. to s/C
~1% 1h
Mass distribution of No data available, 10 to 10 [ 1
asteroid materianl. : ‘
Interplanectary Avall, eguipment, Particle radiation 2
environment and plasmas

ASTEROID FLYBY
Gross surfeece ¥o data avallable "1 km recel, en large 1
features of a major body
asterold
Mass of asterofd Fo reliable data availoble My 10~% H, 1
Axia and rate of Estimated {rom photo- Rate > 10%/hr 3
rotation meter measurements
Surface temperature Yo date evailable 2
distribution
Compoaition Yo data available 2
Interplonetary Bquipment avallable Mateorold detector 3
environgent

%




DESIRED SCIENTIFIC OBSERVATIONS: JUPLTER ERVIRGHMENT

QUANTITY TO BE MEASUREL

FRESENT STATUS OF KHOWLEDGD

RARGE GF
HEASUREMENT

SCLENTIFIC
FRIORITY

Radintion Delts

Magnetic rlelds; intensity and divection Inferred from radic cmiehicn, {1 R, =~ 100 By 1
. may be 1000 gauss ot purface; 8 = io-4 - 103
N-5 ossymmetry Fausp
Trapped electrop flux, energy speetrum, Toferred from radio emission; €1 Ry - 10 Ry 1
pitch angle digtribution, and spatihl cxtent may be 103 x intensities in E = I00 cv-100 me
carth's tropped radietion belts | Flux ¢ 108 cm-2
sce~1(E300 kev)
Trapped proton flux, opatial extent Not established 1Ry -1I0R 1
< 30 »
E> 100 kev
Flux unknowao
AtmGopheric zompoaiticn: 1
Visual and ultraviolet search for ¥, He, Ne, N, Np Spectra From 3000 to 10,000 % 1000 - 6000 R
02, 03. show Ry, Nil3, Hp; Ovscurntica
in infrared gy entth's atmog-
Infrared search for f@p, Nz, H30, CO, COp, OH, free Phere conatituents 6000 - 80,000 R
radicals, trace conotituents '
Micrownve spectra of free radicals and trace ecopetituents 0.X = 2 em
Direct composition determination by atmospheric probe 100 « 200 km
. . above elouds
Atmosphere temperature/preasure/density structure:
Dircet denslty wmeasurement by atwospheric probe Radiometers yleld temperatures Above clouds 2
Temperature meesuremept by line or band shape :ﬁg‘,; ‘2.22215' for stwoaghere Above strongest 2
. Scale helght = B m. abaorption :
Bcale Zoight or molecular welght from light t h
sxtinetion High atponphere | 2
Surface - atmosphere temperatures and radiasion balanco:
Radiometer  scans of. planct at several wavelengths ineluding 120 - 200°K. Satellite shadew Entire planet, 2
bands of NH3 and Fa0 effects secn at 10 micron; including
details oot repolved ab longer terminator and
vavelehgths ’ red spot
Jupiter my emlt wore rodfation |5 =100 micron 1

For infrared spectrum including most of thermal
rad{ntion to determige radiation balance

than it abasorbe

18



Surface = cloud structure:

Visual-infrared observalion of atmosphere eirculation
eloud structure, red spot circulation

fadsr reflection from surface to observe surface
roughness apd structure '

" Beot resolution available resolves

3000 km; no theories of clrculas
tion except for red spot which
may be Taylor column.

Perhaps ne shorp transition
betveen "surface” nnd atwosphere;
red spat may be causcd br surface
irregularity.

’

3000 R « 10 mie-
ron

Fraquency)20 mc,

Jonosphere end radio sources:

Monitor of 18 - 20 me radio bursts to determine
voriation with Jovian time

Search for x-rays corrclated with rodio emissior

Radio transmission mensurement of ionospheric electron
densitice '

Source may be localized on gur~
face; time variations may be due
to ionesphere or sun, rotation
effects not seprarated.

Undisocovered, may be protuced
by wechaniom responsible for |
rodio burcts

Ionoaphere inferrcd frow radic
cniscion; may have electron den-
gé&lsg %igk}nrger than on earth,

O t=1 sec,

b =1~ 10pee
2-108R

Frequenciesyld me

Hightnk} and auroral emispions:

Ultraviolet-vipunl search for aurcral emfspiomn

High sensitivity record of night sky apectra

Besrch for twilight Na (D) and ¥ emtssion

Distribution of Lo emiccion mround planet

May be inferred from presence of
mgnetic field and trapped parti-
cles

May be inferred from emfzslons on
earth

May be inferred from emissions on
earth

Probably trapped In extersive
hydrogen atmonphere

Darkside
3500 - 11,000 &

Darkside

3500 - 11,000 R
Terminator

0 - 10 R,‘_ 1

Jupiter's satellites '

Determination of surface roughness frem variation
1n Mght peattering with phase angle

Regolut.ion of surface details of one matellite
by visual oboervations

Bearch for atmonpheric conatifuents in apectra

Albedos poorly known, only for
backoeattering

Hothing known 7

Atwospherca oot yef ﬂgcbw_red;
largest satellites large enqugh

spproach to
aantellite; vipunl
1light

within 50,000 km
of motellite

approach to
aatellite;
5000w 10,000 8

to _hold heayy.gases {CHL)

Micropetaoriten:

Determine concentration of small particles
near Jupiter .

4

Concentration may incresse zear
B planet; Jovian rings suggested.

tobRu
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EXPERIMENTAL METHODS: ASTEROID BELT AND JUPITER EXPLORATION MISSIOHS

Specific techoiques and instrumentation that will facilitate the desired scientific observations
are 1istediin'£he following tables, Where 'several techniques a&e availablé f§r gimilar obser-
yations, theylare Listed in.érdex of preference. Also listed are the aesired sccuracy; the
total number of bits of information resulting from & successful experiment and particular

- advantages and &isa&%&nﬁag&s of each experiment. Thg ease of measuremgnt classification tekes
account of development status of yhe Instruments, weight and power requirements, informstion
retrieval reéuframents,and the limitations impbsed on the experimgnt by the vehigle subsystems

fe,g. guldance accuracy and control).

The project priority represents an estimate of the overall priority sssigned to the experiinent
H .

for the purpose of this study., It was formulated on the essunption of a single mission only

being available to achieve each overall objective and conbines all considerations relating to

the probébility of extracting useful information from the mission.

20
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EXPERIMENTAL METHODS

ASTEROTD BELT
Total Advantages (+) Ease ‘
- Quantity Range & Info. : of Project
Measured Instrupent Accuracy Bits Disadvantages (-) Meas. Priority
Particle distribution Thin folil impac% Speed - 5 to 23/impact + Wide range of 2 L
in velocity, size &-. detector 12 km/sec measurement, Densiiy
mass : t 59 from size & mass may
Eiregtion - indicate composition.
= 80 w/regp. - Limited area cover-
to normal -
109 ape.
Energy -
lO"{8 to 720
Joules
Mass - 10'11‘t
to_lo"g £n.
Size ~ 0.25 mm
to 5 mm
Microphone Mass -;510'll 5/impact + Simple, available 1 1
gauge to 1077 gm « Ydimited area cover-
' age
Impact flash Mass TN S/impact -~ Requires dévelopment. 2 3
detector 107 gm Iimited ares coverage.
Pressure can Sizé 10 3/reading + Sjimple, available 1 3
) - Limited area cover- ‘
age. Limited lifetime
Surface erosion Change In sur- 3/reading 4+ Simple, available 2 3
meter face properties - Limited srea. Timlte
ed lifetime & accuracy.
Particle deflection Eléectric/magnetic ‘Mass, speed, io/part- - Requires investigation. 3 3
' analyzet charge ' icle - Complex,

;21 .




EXPERIMENTAL METHODS; * ASTEROTD BELT (Cont'd.)

Light reflected Photoneter Intensity lQ/particle ++ Simple, light wt.
frqm pérticles Array Polarization -, Uncertainty in
' ' size of particle
Tight reflected ' - Laser Range 15/part- !?) S5ize can be estim-
from particles at. fcles . ated from range and.
various wavelengths Radiel speed brightness
fefl. dnten-.. 3 Size, weight and
Y power req.
Radio waves reflected Radar Range 1h/part- T4} Size can be estimated’
from particles Redial speed ele :rom range & brilghte-
: ess
-' Size, welght and
povwer req.
Composition Impact mass 12/impact  +) Accurate
. spectrometer ' <; Requires investi-
gation
Composition Impact optical 2000 to 12/impac£ %ﬁ Accurate

spectrometer 10,000R

1R resolution = Requires investi-

gation

22



EXPERIMENTAL METHODS:

ASTEROID FLYBY

- Total

of surface

- oof composition .

’ C Fase
Quantity . Range & Info. Adventages (+) of Project
Measured * Instrument Accuracy Bits Disadvantazes {~) Meas, ' Priority
Surface features, L. TV camoera 1 km resol. ‘3 x 1_0? @ Uses current tech- °, ° 1 L
rotation rate and 20 vlctures niques & equipment :
axiss. "o & Requires pointing
of 8/C -
2. Impact probe 1 m. resol. 1.5 x 107 & Weight and complex- 3 3
10 pictures ity
Mass 1. frra;ie'ctery Mess of asters 0 (2 Simple 2 1
gsrgg?g‘ation ziingiggge;g ¢ Limited mcéuracy.
Reguires altimeter.
2. Auxiliary (Dia. » 300 km) 100 (P Good accuracy .3 3
probe observed - -
from space- C:[?b Wei@t & complex
craflt Y
Temperature . IR or mierowave 1-—,50 ‘bean L,000 G) Simple messurement 1 2
' rediometer 10 scans > Requires pointing
of 8/C
Reflected light Spectrometer/ A AT 108 © 5,400 B May give indication 2 2
and luminescence JPolarimeter ‘

23




© EXPERIMENTAL METHODS FOR JUPITER FLY-LY

- BITS OF EASE OF
FEQUIRENERTS THFORATTON ADVANTACES  {+) HMEASURE- | FROJECT
QUANTTTY MRASURED IUSTRUNENT AND ACCURACY COLLECTED DESADVARTAGES  {-) MENT PRIORLTY
Hapnetic field intensity on Flux gate pagnotometer « two ranges Dynamie yenes 200 x 32 & requires close sppromch 1 I
three axes a0, 2ong - to planct
Trapped ¢lectron fiwcen Seintillntion detectors {low uczm.}. - Dynoamic yamge
at severnl energlen geipercounters {high sens. ), ,omni- 1020 F N ,
directionnl ) -
E > 10 mev
E » 100 kev 50 x b8 £ requives tloge approach 1 1
E » 100 ev t0 planet, within 2K_;I,,
Seintiliation detettor, » directionnl Dyonmic range .
E > 100 kev 100, g -
Proapped profon flwx Seintilintion detector, direotional Dypamie range 50 x 2 | @ requires close appreach 1 1
E >} mey ° 1?4- - %o plaget -
a 104, - 1% : S .
\ , \ AN 5
Infrared spectrs of ! Infrared grabing spectrometer, 2108 1.8 x 10 @ heavy 2 1
sunlit side 5000 - B0,000A, photereciotive -
detector
. r
Infrored wpeetio in zﬁlzmﬁ 10 x 1,8 x 107 & long optical path for 3 i
abaorphios againet sun polnting ta b T—" detection of trate con-
L ' . D6 £ 2 sec stituents +
Ultraviolet spectra of ) g
suntit side Al 218 1.2 x 10 & heavy, high power 3 2
Ultraviolet grating spegtromcter, . sonsumption )
Ultraviolet spectra in 2600 - 6000 QA%_%X o 10 x 1.2 x 107 # long opticnl path 3 2
sbsorption againnt sun polnting = ) - for detection of trace
AHY L2 pes S eonatituents
Intenasties 0f expocted Priotomater with narrov band fnteye b Aciok 10 x 120 2 2
ultraviolet lines ference rilterp, 10 epectral regions . I , .
e - . .
¥ispovave sbporpiion Microvave gpectrometer, Q.2 « 2,0 o Alwo.ol on 2000 & theavy; high power 2 3
spectrum . - H copsweption; requires
antenn “t
Dehinity, scale helght of Atmopphere prodbe with aecelercmcter . " at £ 0,001 ges 1000 € rxequires ejection of 3 3
upper stmosphere F probe ab a 20R,, ; burn-up
. above clowd layers,

924




Experimental Mcthods for Juplter Fiy-by {Conta. )

4.

Shape of band as function 5 fhot photometers with narrovw band inter- 100 x 50 G) requires high sensi- 2
of height in atmosplere to ference ilters Ao 2 tivity; solar spectrum
determine temporature, POinti g - not well suited ap source
pressurc. At £ 0. 2
Shape of spectral line Fast stanning interferometer dirccted Ax =000 R 20 x @9 (= not developed; rapid '3
or band as Tunction of at sun through stmospliere over line 1£ wide seen
neight in etmosphere, to pointing 3
determine temperature t (one stap)
. 0.2 soe *
Intensities of raman lines’ Excitstion of rsman lines by laser pOinting(t 0.1° & not developed; requires 3
_to determine temperature di‘rect.ed tovard Earth At <1 ace high power
+
Fading of sun or star Photopeter ~ teleseope with norrow band pointing £ - O. 1° 50 x 12 @ star tracking wmay re- 3
ceeulted by Jupiter to filtera At £0.2 see quire very high rointing
determine atmosphere scale . ‘ accuraly, wore easily dene
height from Enrth
Atmoopheric density . kadlo cccultation of spacecralt ! 500 @ no sdditional equipment 2
neaded
@ Composition must be
assumed. Frequency limit-
ations
Direct annlysis of Atmonpherie prode with mss 1000 # ejection and thermal ' 3
conastituents spectrometer . e protection of probe
Thermal microweve emispion Microwave radicmeter scanning across Beam wldth ¢ 5°; 200 x 20 (=] 'netwy,' requires bulky 3
from surface ond ¢louds * planct ot vavelengths .28, 1.35, 10 scans - autenna? 1.28 em snd
and 2.0 cm 1.35 cn 1ines must be
reasdlved
[TThermal infrared emission Infrarcd radiomcter scanning across Boam width < 1° 500 x 20 1
from surface and cloude planet at wvovelengths 10, 10.7 mitron scan gcxous ter-
. minator end red :
apot, 10 ecans
Infrared pletures of 6 - 10 micron television camera, poderate 100 line scan 10 x 60000 2] requircs imnge con- 3
thermal structure of clouds resolution verter, not fully developed
and red spot ’ .
Infrared pietures of 5 . 10 micron facolmile televigion 200 1inc scan 10 x 240000 ©® not developed 3

thermal structure of cléuda
[_and red spot g
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Experimental Methods for Jupiter Fly-by

(Contd. )

Far infra red spectrum, .Infrared interferoreter spectrometer, 5 =100 micron 4 x s5ko 2 1
thermal radiation balante bolometer detector or filter wedge AN=1 micxon
5° f1ed television cemera, high 80 Line g 100 x 3.8 x 10°
Time sequence pletures of resolution z;n:;gg =5, rjet:::ﬁ Etﬁii;f"m*-mn s 3
¢loud structure, red spot 6
507 f1eld television cemera, high 1000 1ine scan 20 x 6 x 10
resolution
Tima sequence pletures of 5°, 1&00 rhotographic scanning system same as above " £ wvery heavy, requires 2 3
cloud structure, red spot radiation ahielding,
Processing on board of
Thotogrephs
® photographs msy be
Beanned during return
voyage .
Surface structure, red spot Radar transmitter-receiver directed at Small beag vadth 200 x __!4_9_9‘_ © high pover, large 3 3
strutture from time delsay surface pointing = 5 antennn; red spot inveeti-
of reflected radio aignal gation requires trajectory
direetly over spot
Time varietion of 18-20 me Radio receiver continucusly monitoring At 21 sec 3x 105 x 10 A small size 1 1
radio bursts aignals at 18, 20 me © requires lavge informa-
' ‘tlon storage capacity
X-ray emission intensity Gas-proportional x-ray counters, wide At 251 sen 3x 105 x 10 @ regquiyea large informa- H 2
correlated with radio bursts acceptance angle, continuously recording 2 - 108 — tion storage capacity; may
two counters directed toward and away be confused by solar X-rays;
from planet present ¢ounters have ghort
1ives
(Height and electron Swept frequency ionospheric sounder 10 -~ 500 me (1) 10 x 1200 # locates surface 1 1
density of ioncsphere layers trapsmitting and receiving sigoals + 0 .
from eritical transmisaion reflected from lonosphere and surface Poloting - 5 © requires antenna;
critical frequencies very
frequency aond time delay uncertatn
of reflected signal :
Electron density of lonos- Telemeter transmitter switched to con- 2 x 500 @ Absolute height of 3 2

phere layers from fading of
radio slgnals tracsmitted
through ionosphere

tinuous signal as probe passes behind
planet, fading obeerved on Earth

lsyers not known with ref-
erence to surface or
visible features
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Expericental Methoda' for Jupiter Fly-by (Contd.)

| Blectron depatty of ien- Fadiog of transmitter on atmospheric At 4008 pee 1000 3 height of layers known
* osphere layers from fading Probe entering atrosphere as observed oply with respect to
of radic signals trans- from fly-by prote atwoarherie density; prote

mitted through loncaphere may burn up before traversal
of loposprere; {conditional
to use of probe for density
measuresant )

Intensity mod location of Scanning high sensitivity photometers S0 line mcan loh x 48

aurcral emissions, es- with filters acroso darkside -

pecially Hod and “2’ HQ +

and N emissions

Auroral spectra . Ax = 10k 10 x 9000, 9 requires gearch for

Fant spectrograph (interferometer?) regions of emission

Wight sky spectra 350 - 11000k 2 x 9000 @ ot dereloped, requires
advanced optical system for
night 1ight collection
ability

Na (D) and N, twilight Telescope-photometers scanning across 80 x 36 2 blgh seositivity

enlssion !.n%enaity terminator with narrow band ﬁ,}.ters -

Lok emissfon intensity 10“’ x 12 9 Confusfon with solar

from H around planet

Ultraviclet scanning photgﬁeter with
parrov band filter at 1216A.

S0 line acan to
10R P

‘rediation s¢attered from

nearby atoxzs

Iocation of auroral emis-
sions on plctures of dark
side

Location of auroral emis-
sions on pletures of dark
side

450° low resclution - high sensitivity
television with red, blue-¥iolet, Hat
and perhaps infrared filters

40° facsimile television with red,
blue-violet, Ho., N2 band, and infrared
rilters

100-200 line
acan

100200 line
acan

20 x 2.4 x 207

'20 x 2.4 x 107

2 Heavy; {mage iotensifier
my be nseded

g heavy

Light scattering of gatellite

as function of phase angle,
and albedo

Teleacope-photonater directed at one
satellite

Tracking of o
satellite ¥ 0.1

3 Trajectory must not
allow Jupiter to enter fleld
of telageope. 2pd mideouras
correction reqd. Launch
reatrictions

Bigh resolution pictures 5° high resolution television camera 800 lige goaao 10x 3.8 x 106 < Trajectory must bring

of eatellite roluting = 1° probe very close to satellite
Infrared spectra of Inmfd grating spectrometer, 6000 - A A =10 o 6 x 10"' > heavy

satellite 80000 pelating % 1 -

Micrometeoroite-dust Hicr(ﬁmeteorite detector - lov ©0xl2

density near Jupiter

aensitivity
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FREQUENCY-MASS DISTRIBUTIONS FOR INTERPLANETARY DEBRIS

The larger asteroid infrared mass distribution and the observed meteoroid
distribution in the vicinity of the Earth contribute to this chart. The.
ordinate measures the expected impacts per unit area per second'of particles
greater than a given mass (the ;bscissa). The éhéded area represents fhe'
region of concern for strucéural damagg{ bounded in mass’ by the pa&ticles
that are stopped by the thin-fpil impact detector and in frequency of impact

by the low probability over the mission duration.
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THIN FIIM METEOROID DETECTOR

The thin film impact detectof consisfs of mitiple spacéed films of aluminized poljester
‘of varying thickness. - An impact causes an electrical breakdown of potential between the
metallic surfaées on each side of the polyester film thus generating an electrical siénal.
The mass of the particle is proportional to the number of filwms penetrated. The velocity
is determined by the time~of-flight between the first two films. ‘
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SIZE AND VELOCITY MEASUREMENT

Thé particle veloeity vector direction’of arrival can be deternined by measuring.the poinﬁs_
of impact on the first two films of the thin £ilm méﬁeoroid detector by means of a matrix of
metallic bands applied to both sides of the first two fiims. 'Qhe fine structure pattern on
the back of.the first film énables the size of the impactlng partlcle t0 be: measured by the

increase in resistance when the fine bands are broken.
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INTERPLANETARY INSTRUMENTATION

Some instruments concerned with the primary cbjective of Asteroid/Jupiter missions

serve also for intérplanetary observations, e.g., magnetic field, micrometeoroid and
ionizing radiation detectors. A moderate additional weight of instruments is sufficient
to provide comprehensive capability for interplanetary experiments. An interplanetary
package of instruments is suggested here that might be expected to go on every deep~space
mission of appreciable magnitude. About halfl the weight ol the vackage consists of
instruments (indicated by asterisks) that are part of the Primary pasyload of a Jupiter
mission. The remaining instruments are selected to round out the interplanetary aspects
of the package whilencontributing to .the capability for determining space environmental

conditions near Juplter.
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INTERPLANETARY INSTRUMENTATION

INSTRUMENT

¥Cosmic Dust Detector
*Micrometeorold Detector
*¥Magnetometer
¥Bi~Static Radar
Ton Chamber
Partiele Flux Detector
X-Ray Detector
High-Energy Proton Monitor
Medium~Energy Proton Monitor
Low-Energy Plasma Monitor

Totals

SIZE WT,
(in) (1v)
5x5x5 2.5
6 x 10 x 10 8
h x4 x6 5
b x4 x 12 5
5 diam, 1.3
hxs5x6 2.5
Lxs5x6 5
3xbxh 4
hx5x%5 3
6x8x8 7
1.1 £t.3 43.3 1b.
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PR,

(vatt)
0.2
0.5.
5
1.5
0.1
0.35
3
0.5
1

1,25

13.4 watt



__MISSION ANALYSIS .
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BARTI-JUPITER SPEED CONTOUR CHARTS

Thesg two cﬁaris show the hyperbolic excess speeds at Earth departure and at Jupiter arrival
for launch,periﬁds existing in 1970 and in 1974. As noted, the unit of. speed is Earth Mean
Orbital Speed (m08) of 97,719 ft/sec.. The line which runs almost vertically up each cﬁart
and separates the speed requirements into two rather distinct reglilons is the locus of polnts
for which the Earth at departure and Jupiter at arrival are 180 degrees apart in heliocentric
longitude. The manner of presentation is 1denticél tolthat associated with missions to Mars

and Venus contained in the NASA Planetary Flight Handbook.

The synodic period between Earth and Jupiter is 399 days. Thus launch opportunities occur

about 13 months apart.

The minimum energy velocity requirements show moderate variation ffom year to year, the
fiinimun departure speed varying from 0,292 EM0S ( AV = 20,400 ft/sec)_in 1970 to
0,321 EMOS ( & V = 22,200 ft/sec) in 1978, In order to take advantage of the lowest of these

vélocities, however, tfip times of up to 1000 days would be needed.
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EARTH-JUPITER MISSIONS - DEPARTURE VELOCITY AND TRAVEL TIME

This figure 1llustrates the strong influence thgt'travel time exerts on Barth departure energy
require%enés for trips to Jupiier using the 197k laungh pericd as an example, Two clésseg of-
missions are con%idered. The first, represented by tﬁe dashed curves, refers to a constant trip
;1me (asgumed in this example to be two years). fhe second, represcnbted by the solid curves,

refers to a situation in which the trip time is chosen so that on any given Earth departure date

the departure veloclty is minimized.*

Notice first éhat the. mininum departure velocity is 21,300 ft/éec from a 100 nm circular orbit
{eircular velocity = 25,582 ft/sec). The assoelated trip time is two'years; If the trip time is
ma;ntaineé ét two ‘years, it is seen that the velocity increases rapidly botH before and after the
nbﬁinal departure date (J.D. 2&&2187). If the trip time is allowed to vary, however, the increase
in velocity associated with deparﬁure delays is much less. The slight decrease in velocity that

occurs at about J.D. 2442230 is due to the vehicle arriving at Jupiter near the Earth~Jupiter nodal

point.

While é'variéble'trip time is obviously desirable insofar as reducing_depdrture velocity require-
ments, the large variation (e.g., frowm 730 days for the minimum energy mission to 1000 days. if
departure is delayed by 20 days) could cause a large variation in requirements for spacecraft re-

liabllity, power supply and-communications.systems.

¥The data shown here refer only to trajectories of less than 180 degrees. A similar curve could be
drawn for the trips of greater than 180 degrees, but the trip times would be considerably longer.
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. FARTH-JUPITER MISSIONS ~ COMMUNICATION DISTANCE

This figure shows the communication distence Eomparison between éhe two year
| misslons and the missions which employ the optimum travel times that are shown
" in the preceding figure, The communicatlion distance requirements associated
with the optimized travel times are quési-periodic with a period of about
thirty days measured at Eérth departure. thslis.because, from the precediné
figure, the travel time increase during thirty days-is slightly longer than
one year, causing Earth and Jupiter fo'nearly repeat their felativg positions
‘at érri%al. This figure only feflects the Eartﬁ-Jupifer communication disfance¥.

ét‘arrival ~ not during transit.

42



puwy] 152 | 9 vy o
E=E1] Bl ok
ik i ._'Hmw o HA
! (H E: ks
T4 Hopsl e it
;) - ok, AT mH‘n.
gl NEaua BUEEa ooy
L o 2 e i1 L3
s Fi=f > H emd i
: e A P e R T | tEH
4 bt i ¥
: 2 1y [Eaiy fnes
s - o T r
fras 5 1+ P eb] Feg) baritenes
Ep g . i v eiina
g g ..»..M nary ...H) .._N_N.!Tll
=] gt I N EH PR R
pet ki i1 i i frindyaee:
m“ur.r <+ 371 - Ay Mvvlv —— o
iyl Tyn iz Jayiy b
e e S peded it e
H 4t = TIrys frial
iR :»M. AT
5 T NIt |49 —Ff i ex
1 R 1
3 LI RS
1 =4 I -
T el hatey
= ey
wi e
ti Sibtprin
Lo =
:

i

B s
pery FEw
| s garsbura
Humfl et

T a

jEnE Paod]

— e Ty

e ey e

Pl crel

¥

LA

wu. R el wPpiardiunn
m.swzu - TR szm..nml.n
=l SEERENES
EtE FETPTEENEE Eon pee s
e i pretd A L] Faats
B e

£

2

7T
Hithen

‘E

N

et

L

.4

ey

PO i

iy e

AL § o]
T

' o +




TYPICAL JUPITER.APPROACH ITYPERBOLAS

This figure depicts two typlecal close approach passages of Jupiter. As showm, the peri-
center distance is 2 Jﬁpiter radii (; radius = U4,320 miles). Ip neither case does g
lightside ‘pericenter occur, The péericenter of the déshed trajectory, howvever, is within
30 deg: of the terminalor.

The approach conditions correspond to a representotive "fast” trip (610 days) between Ear..
and Jupiter in 1974k. The basic characteristics of this mission are as follows:

Leave Earth Arrive Juplter
Julian Date ohlh2170 2Lk2780
Speed. (EMOS) 0. 34t 0.300
Right Ascension 3h1.2 209.6
Declination -28, 6 2.k

By making the appropriate midcourse correction, the approach conditions can be made to yield
any incl;nation relative to Jupiter_subject only to the limltation that the inclination be not
less than the arrival declination. Since the arrival declination.for this trip is only 2.k
‘degrees, it is apparent that essentially any inclination can be achieved without recourse to &
plane change maneuver. The generality of low arrival declinations; and of Earth departure
declinations low enough to be compatible with easterly launches from Cape Kennedy, have yet to
be deter@ined.

“Note‘that the angle between the Jupiter-Sun lifie and the Jupiter-Barth line for this particular
mission (and éll lower energy missions with similar mission times) is 11 degrees. This is the
maximum value that this quantity can achieve.

Also shown in the figure are the orbits of the three innermost satellites of Jupiter - No. V,
Yo, and Europa.  Each of these satellites moves in a circular orbit in the plane of Jupiter's

equator.
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PROBE VELOCITY RELATIVE TO JUPITER

This figure shows the veloecity profile of the approach hyperboia shown in the.
preceding figure, Note the high pericenter velocity of 'over lh0,00d ft/sec.
Pericentgr velocity is influenced *almost entirely by pericenter distanée; This
'is because most of the energy of the approach hyperfola is potential energy
due' to Jupiter's large mass ; kinetic ené'rgy is only 8, small portion of the

total energy even for the higher enefgy ﬁrajectories being considered.
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ASTEROID BELT FLYBY TRAJECTORIES

This figure 1llustrates the heliocentric trajectories of three asteroild belt flyby missions.,
‘Two of these have aphelion distances of 3.2 A, U, and 4.0 A, U. The third trajectory shown
is typical of & fast trip to Jupiter, arriving at Jupiter's orbit 600 days after Earth departure

The values of 2.6 A. U., 3.2 A, U. and 4.0 A. U. correspond to the outer radii of the three
_asteroid belts. The following table shows the times spent within the belts for the three
trajectories considered. In every case the value gquoted 1s the sum of the outbound and inbound

times through the belt.
: - . Time Between Various Radii (Days)

Trajectory 2.0 - 2.6 | 2.6 -3.2 | 2.6 - 4.0 3.2 = 4,0
Aphelton = 3.2 A, U, 220 560 ) - -
Aphelion = 4,0 A. U. ' 160 o2k ], 960 T30
"Jupiter" Mission 120 150 390 2o
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ASTEROID BELT FLYBY TRAJECTORIES - RELATIVE VELOCITIES

This figure shows the spacecraft velbcity relative to particuleé
moving in tircular oxbits of various radii. The three cases

coryespénd to those discussed in the previous figure., The three
circled poin%s at 1 é.U. are the hyﬁérbolic excess speed require-

ments at  Earth departure.
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EARTH-CERES SPEED CONTOUR CHARTS

Energy and trip time requirements for trips to particular asterolds will shcw more variation
betwen successive launch opportunities than for trips to Jupiter. This is because of the
higher eccentricities (0.089 for Vesta, 0.076 for Ceres) and higher orbit inclinations (7.13
deg. for Vesta, 10.61 deg. for Cerés). Corresponding values for Juplter are 0,048 and 1.31 deg.

Although complete trajectory data to the asteroids is not yet available the requirements shown

here for trips to Ceres in 1970 and 1971, bear out the expected variation., In 1970 the nodal
crossing occurs about eighty days before a vehicle launched on .a "Hohmann" transfer would

arrive. The minimum departure speed, which occurs near the nodal ¢rossing, is 0.221 EMOS.*

The corresponding travel time is 360 days. In 1971, however, the nodal crossing octurs sbout
110.days after a vehicle launched on a "Hohmann" transfer would arrive., Thus, the low energy
tranéfers to Ceres in 1971 will fequire gbout 570 days. Further illustrating the contrast, a
360-day trip in 1971 would require &n Earth depsrture speed of 0,38 EMOS,  This is an increase in AV
of 9600 ft/sec compared to a 360;day trip in 1970.

*Hohmann deparbure speed = 0.21 EMOS.
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TYPICAL CERES APPROACH HYPERBOLAS

As observed from the figure the hyperbolas relative to Ceres {and, therefore, hyperbolas
relative to the less massive asteroids) degenerate to essentlally stralght lines, the
asymptote bend angle being only 1.2 deg., for the trajectory shown.

The time spent neaf Ceées is short, requiring only 486 sec. to approach from 10 radii to
pericenter {assumed, in this instance, to be 2 radii). The variation in velocity along the
trajectory is' small, The increase of 30 ft./sec. from the hyferbolic excess velocity to
rericenter velocity, however, could be detected by vehicle-borne sensors as an aid to re~
fining the mass estimate of Ceres,¥ The perturbation on thg aspacecraft motion by Ceres will
canse the heliocentrie velocity and path angle before and after paséagé to differ by ébout
20 ft./sec. and 0.7 deg, respectively.

The approach conditions are based on the minimum departure velocity mission of 1970. Earth
departure speed is 0,221 EMOS,( AV = 16,600 £t./séc.). Transit time to Ceres is 360 days.

¥In this exémple the mass of Ceres iz assumed to be 1/8000 of the Eafthis mass,
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SUBSYSTEM DIAGRAM

Basically, the vehicle subsystems are similar to those used in previous space missions.
The utilization:of the component ﬁarts 1s rearranged to éuit the specific operationsal
rgquirements. The maJjor differences for each of the missions - asteroid beit, astercid
;nspéction, or‘Jupiter flyby are in tﬂe data‘handling sequences, the instrumentation
compliment, and the power utilization: The reyuirements for the three basic missioﬁs

are as follows:

Asteroid Belt, data acquisition 1s aceomplished over a period of one to three years =t

relative low data rates.

Asterold Inspection, the asteroid experiments must be performed in a relative short

"interval (4 to 5 hours).

lJupiter'flyby, similar to the asteroid inspection missidn except the period of encounter

is several days with an Incressed data acéuisitioh rate.
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SUBSYSTEMS DIAGRAM
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COMMUNICATIONS SENSITIVITIES

A model of the communication subsystem has been extrapolated from the basic Mariner cdoncept.
For this model,'a T-foot parabolic antenna and, io-watt transmitter has been selected. Exam~
ination of the effect of Jupiter's radio noise {assumed 2000 K at 2.2 KMC) has been made for
the avail&ble data .transmission rate at a 10 3 blt error rate for dlstences of k. 0, I, 8,
5.0, and 6 AU. The datg rate has been calculated for a 20-watt snd T0-watt transumitter

at a nominal range of 4.8 AU, The time required to trnnsmit fine million bits of data at
k.8 AU is indicated for each of the above systems plus the time required at 33-1/3 and 8-1/3
bits_per secqnd. Five million bits represents the nominal storage capacity of the magnetic

tape system used on the Mariner C system.

Additional bit rate caleculations are shown for the cqmmand 1ink utilizing either the omni- -

directional or the high gailn antenna,

Also included on the chart are the signal transit times at the various ranges expected on
the Jupiter flyoy miasion._ These transit times seriously affect the operational sequences
for the sracecraft and DSIF since a minimum of two transit perlods are required to. insure

eoherent communications.
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COMMUNICATIONS SENSIT/VITIES

. - EARTH=JUPITER RANGE |THKS,
FLUNCT/ON CONDITIONS [4oau [484u [504u[60au [Eretom
DATA RATE  |a= 1ow xmrma, 7'eawmacon 192 702 | 93 |65 | /3.6

bir error TIt@ |b= JUPITER RADWO AMISE | e

/0™ B000°KEIEILATHAU 102 | 72 | 66 |45 |l/9.3

C - QoW xm7A, ivet. (6) /424 9,7
d= 70 xmrR, inct. (6) 518 2,7
e- 334 BITs/see 4.8
|- 8% BITS/SEC 167.0
COMMAND RATE |- oMy ANTEWA Odb 3,38 | BIT
bit error rate |b- 7'PaR4BoLA  30db || [3380 | - e
S | o : | UN/FS = BITS/SEC e,
SIGNAL TRANSI7| T = 8.3 Mivwres/ae | — [ MiNufEs ———
TIME (1wAY) | ) ay=s50x%10° mereres |33.2 39,9 {445 |498
| - C = 3 XO°METER /36
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GUIDANCE AND CONTROL CONCEPTS

Determination of the vehicle’s position entirely by DSIF tracking will provide
adequate accuracy for all experimgnts. Either two-way doppler or range tracking
may be used. The possibility of using on-board optical equipment which tracks .
an asterold as an ald to guidance 1s belng studied. For an asteroid fiy-by el
correction slhortly after launch and another ‘several deys before encounter will
be réquired. For the Jupiter fly-by the first correction glves sufficlent

accuracy for the experiments so far considered.

A continuously operating attitude' control system has been considered. The
welght required to :lmplemenf .such & system appears reasonsble. The majox.
pProblem’area Is concerned with the reliability that may be expected during

operation for 600 days or longer.
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GUIDANCE AND CONTROL CONCEPTS

GUIDANCE

©DSIF TRACKING

VELOCITY ERROR ~.03 mSEC

© MANEUVER EXECUTION ERROR~0.7 ™ ~SEC -.
© RMS MISS AT JUPITER WITH ONE CORRECTION ~2000 KM
O RMS MISS AT ASTEROID WITH TWO CORRECTIONS ~ 350 KN

~ ATTITUDE CONTROL

© SUN REFERENCED PITCH AND YAW STABILIZATION
® CANOPUS REFERENCED ROLL STABILIZATION

® DERIVED RATE INCREMENT DAMPING

© 2000 SECOND LIMIT CYCLE

OMPULSE EXPENDITURE ~ 30 *-SE¢
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SOLAR POWER REQUIREMENTS

These two figures show the operating capabilities of solar panels. Panel area
and solar intensity as a function of distancekfrom the sun are given. 'The '
use of solar panels as a primary pover source for the Asterold Belt or Asterold
Flyby missions appears feasible at continuous power output levels of 100 watts.
Fof these abplications the solar.array area would be approximastely 200 sguare
feet (including a 100% contingency for normal degradation effects) at a welght
Q%LBSO to 400 pounds. Secondary batteries would'provide pegk power require-
ments for ﬁaneuvers and commmnications at levels of 200 watts for periods of

3 to 4 hours at each contact,

Thé use gf solar panels for the Asteroid misslons'is not recommended, however,
becaunse of panel degradation (due to ;steroidal particles) resulting in a
power output below the‘pinimum required for the mission. The required solar
arrays (for all missions)~resu¥t in a greater welght penalty than tgat imposed

by Radioisotope Thermoelectric Generators (RTG).
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TYPICAL PAYLOAD SPACE CONSTRAINT

All the potentlal booster arrangements investigated have either a Centaur or
e small high energy -kick stage as the final propulsion unit. .This figure

shows typical spacecraft volumes available with a Surveyor type shroud. The
configurdation using & Centaur final stége defines the least available volume

and this eriterfion was used for all spacecraft concepts.
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KICK STAGE - CENTAUR -

69



"FYPICAL CONCEPT WEIGHTS

Weigﬁts for four concepts are shown. The Jupiter mission versions
.ﬁiffer primarily in their structural conriguraﬁion because of dif~

ferent arrangements of the scientific instruments.
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JAMB FLYBY-TYP CONCEPT WEIGHTS |

TOTAL WEIGHT

1339.5

Z52.0

11470

JUPITER FLYBY-1 JUPITFRFLYBY-2  ASTEROID FLYBY ISTEROID BELT FLYBY

STRUCTURE 215.5 196.5 2395
COMM. € DATA HAND. 2270 2270 2270 2270
GUID. ¢ CONTROL 163.0 163.0 163.0 163.0
| POWER SYSTEM 185.0 185.0 1850 . 185.0
| PROPULSION 105.0 105.0 105.0 0
| CIENTIFIC EQUIP 331.0 331.0 1755 756.0
| THERMAL § CONT. 113.0 1 95.0 95.0 95.0
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BOOSTER CAPABILITY

Payload versus characteristic velocity for several typical booster,systems'
are showm. The effect on performance of usingsa high energy third stage is
“indicated b& curves 1, 2 and 7. A fypical Jupiter mission 1is shown indicating
a trip time difference of .approximately one year; The choice of booster to

be used will depend on a tradé-off between the effects of trip time, design

payload and booster availability.
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PRELIMINARY SPACECRAFT CONCEPTS

The next two|figures'illustrate spacecraft desipgn concepts for the -
Asteroid Belt and Jupiter missi&ns, based on the minimum available
volume (Centaﬁr and Surveyor shroudhcombination). Both designs in- -
corporate a 7 fi parabolic unfurleble antenna and nipe SHAP-9A type
radioisotope power generators. The particle detector for the
Astéroid Belt mission consists of four sheéts of :polyes‘ter £1lm

2

representing 100 £t° of surface area when extended. The erection

mechanism would be similar.to that fqr the unfurlgble antenna. The

stowed weight of the detector is 110 1b.
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