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Semi-Annual Report V6105

LONG RANGE PLANNING FOR SOLAR SYSTEM EXPLORATION

1. INTRODUCTION

This report covers the first half year of Contract
NASW- 2023 from November 1, 1969 to April 30, 1970. The first
quarterly report was omitted by the contract monitor,
Mr. Norri Sirri, due to the fact that the contract had not
been completely negotiated. The purpose of this advanced

mission study contract is to provide a preliminary understanding
of candidate missions and associated requirements which bear on
the long range exploration of the solar system. The project
schedule of study tasks for the current contract year (11/69 -
10/70) is given in Table 1. The level of effort, in man-months,
is shown at monthly intervals for each study task, The Comet
Rendezvous Opportunities, Jupiter Orbiter Mission, and Spacecraft
Radar Studies are continued tasks from the previous contract
(NASW 1837) years. '
2. TECHNICAL PROGRESS

The analyses and results obtained during this reporting

period are described in the individual task subsections which
follow.
2.1 Comet Rendezvous Opportunities (A. Friedlander,
J. Niehoff and J. Waters)
This study takes a new look at spacecraft missions

to comets in the period 1975-2000. Previous comet mission
studies have been restricted mainly to the flyby trajectory
mode . Current interest, however, is centering on rendezvous
missions which allow the spacecraft many months to monitor the
dynamical environment of'comets as they pass through perihelion.
The study objectives are: 1) investigate the
trajectory requirements of promising comet rendezvous
opportunities, 2) compare these requirements with current and

VT RESEARCH INSTITUTE
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TABLE |

V6105 REVISED SCHEDULE FOR 1969-70

STUDY TASK NOV. | DEC.{ JAN.| FEB.| MAR.| APR.| MAY | JUN.| JUL.| AUG.| SEPT| OCT | NOV.{ DEC.| TOTAL

COMET RENDEZVOUS OPPORTUNITIES 51 | vl 1.5“ * 6
COMET RENDEZVOUS MISSION STUDY 1 | 2 2 2 2 15 15 V * | 12
JUPITER ORBITER MISSION STUDY 2 5 2 VI 5 1 D ' 7
MERCURY ORBITER MISSION STUDY [ 15 | [ 1 15 "2 2 1.5 15 15 v I6
OUTER PLANET SATELLITE MISSIONS 5 .5 1 | 1 15 ljé | ] [ ale : 9
ATMOS. ENTRY AT URAN/ NEPT | l 1.5 15 | T ‘ 7
SATURN'S RINGS MODEL [.5| ] .5 l 3
SPACECRAFT RADAR 5 ] S | % 2
VENUS EXPLORER RADAR 5 i .5 1 % 2
STELLAR MISSIONS i 2 .1 4
ADVANCED MISSION PLANNING 1 | | j 1 | I ] | r:; | | | ] 12

TOTAL 55145165 6 | 6 6/ |8 | 8 |85 |25 7] 6 80

® ROUGH DRAFT 'READY FOR INTERNAL REVIEW

v FIRST AND SECOND SEMI-ANNUAL HQ. PRESENTATIONS

* REPORT DRAFT READY FOR HQ




. projecte& propulsion ‘capabilities -and, 3) recommend onme or two
particularily favorable comets for a subsequent comet
nrendezvous mission study Trajectory requlrements are con-
~sidered for the follow1ng flight modes
‘ ‘a. | multiple impulse balllstlc

b. gravity-assisted ballistic (via Jupiter)

c. Sblar—eiectric low thrust

d. mnuclear-electric low thrﬁst.

An interim report, IM No, T-21, -entitles ”Comet
Rendezvous - Opportunltles” was publlshed in November 1969 Whlch
presented a selected list of 16.favorable comet apparitions for
‘rendezvous m;381ons and discussed sSeveral multi- -impulse ballistic,
Jupiter gravity-assisted ballistic and nuclear-elecéfic Tow-
thrust comef‘rendezvous trajectories. During the first quarter
of this year the trajectory ana1y31s was extended to 1nclude o
solar- electrlc low-thrust rendezvous trajectories. During the
first quarter of this year the trajectory analysis was'extended
to include solar-electric 1ow;thruét rendezvous trajectories
and completed for all 16 ‘selected comet apparitions.

A trajecLory/payload summary of three-impulse ballistic
rendezvous opporpun1t1es is given in Table 2. Payload data
_are presente@ for both 5-segment (3D) and 7-segment (3?)
Titdn/Centaur laupch vehiclés. In some cases a Burner 11 (BII)
upper stage is added to the Titan 3D/Centaur vehicle;. The
payload data are the net spacecraft weight after rendezvous
aseuming a.space-storable propulsion system (Isp = 385 sec) -has.
_been used to perform the intermediate and final impulses. A
200 m/sec aIlowanee is provided for inmterplanetary midcourse
‘control. A payload on the order of 1000 1bs. should belrepre—
sentative.of a comet rendezvous Spacecraft Of the 16 originall:
selected comet apparltlons neither Tuttle/Sl nor Halley/86 had
any net paylgad with this flight mode. The most promising
opportunities frqmvTable 2, in terms of flight time and payload,
are Encke/80, Kopff/83 and Encke/84.

{IT RESEARCH INSTITUTE
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TABLE 2

TRAJECTORY/PAYLOAQ SUMMARY

COMET RENDEZVOUS - 3 |IMPULSE BALLISTIC MODE

FL!GHT N PAYLOAE ( HJS)
COMET TIME LAUNCH ARRIVAL

(YEARS) DATE "(DAYS BPH) | TITAN 3D/CENTAUR | TITAN 3F/CENTAUR
ENCKE /80 3.29 3/ 8177 169 781 | 186
TUTTLE/8I -NOT A PRACTICAL MiISSION -
D'ARREST/82 .78 8/21/77 104 425 672
GRIGG- . }.76 4/29/76 101 618 (B11) 955
SKJELLERUP/82
KOPFF/83 3.72 8/ 2/79 . 119 913 ‘1354
ENCKE/8l 2.95 3/ 8/81 40 47y 1015
GIACOBINI- 5. 63 10/ 6/79 106 479 (B11) 718
ZINNER/85
BORRELLY/87 6.67 12/ 6/80 130 426 (B11) 614
T-6-K/90 5.69 4/ 8/sn 119 655 (B!1) 1008
FAYE/9 I 7.57 l1/16/83 1563 uys (B11) 656
SCHAUMASSE/93 5. 48 2/22/87 203 338 (BI1) 530
D'ARREST/95 4, 60 8/18/90 102 550 939
PERRINE~ b, U6 11/ 9/90 113 681 {Bl11) 1025
MRK0S /95 '
KOPFF/96 6,68 7/17/89 .66 1099 (BI1) 160U
GIACOBINI- 7.4 10/ 3/90 128 . y2u (BI1) 621
ZINNER/98 :




The trajectory/payload summary- of Jupiter-assisted
ballistic rendezvous opportunities is presented in Table 3.
Seven comets were identified as having potentially favorable
phasing with Jupiter during the period 1980-1990. Flight times
from launch to rendezvous average at about 4.5 years. Payload
data are presented for Titan 3D/Centaur or Titan 3F/Centaur
launch wvehicles with 'the same space-storable propulsion stage
for the terminal rendezvous impulse that was used in developing
ballistic multi-impulse payloads. The d'Arrest782 apparition
is the only opportunity with more than 1000 lbs. net payload
which is also one of the 16 selected favorable comet dpparitions.
Although comet Halley is not favorably located with respect to
Jupiter a gravity-assisted opportunity has been identified by
Michielsonl for the 1986 apparition.’ .A Saturn V/Centaur can
launch a 1350 1bs spacecraft and the required retro propulsion
in September 1977 to rendezvous wich Halley 7.7 years later via
a Jupiter gravity-assist,

A summary of trajectory/payload data to four selected
comets using the solar-electric low-thrust mode is presented .
in Table 4. Rendezvous missions to Encke/80, d'Arrest/8§2 and‘
Kopf£/83 have flight times of 2-3 years, provide. about 1000 1bs
net payload and are launched by the Titan 3C. Optimum power
ratings are in the range 20-25 kwe., Using a smaller powerplant
of around 15 kwe would be more compatible with current SEP
techﬁolog&. An associated reduction in payload of no more than
10% would be expected. The fourth mission, rendezvous with
Halley/86, is a special case. The high power rating, long £light
time and low payload suggest that the retrograde rendezvous with
Halley is mot a good application for solar-electric propulsion.

The primary application for the nuclear-electric low-
thrust flight mode is a Halley/86 rendezvous mission. In view
of the long lead time currently felt necessary to develop a

L Michielson, H, F,, 'A Rendezvous with Halley's Comet in
1985-86'"", Journal of Spacecraft and Rockets, Vol. 5, No. 3,

March 1968, pp. 328-334,
- T RESEARCH INSTITUTE
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TABLE 3
SUMMARY OF

JUPITER-ASSISTED COMET RENDEZVOUS OPPORTUNITIEs

‘ JUPITER | TRIP | ARRIVAL
COMET APPARITION| LAUNCH DATE RCA TIME | DATE [BRIGHTNESS | LAUNCH VEHICLE |PAYLOAD
R;) '(yrSJ {dbp} | (moagq.) { 1bs)
D' ARREST 1982 SEPT. I3, 1977 72.8 4.68 123 13.6 TITAN 3D/CENT/BII | 1109
H~M=P 1985 DEC. 16, 1980 54,8 4.16 100 19.9 TITAN 3D/CENTAUR | 1528
1985 DEC. 31, 1981 7.5 342 100 19.9 TITAN 3D/CENTAUR | 633
GIACOBINI-ZINNER 1985 NOV. 2, 1979 53,1 5.27 200 19.9 TITAN 3F/CENTAUR | 503
WHIPPLE 1986 JAN.1, 1982 5.8 4.18 160 18.5 TITAN 30/CENT/BI | 662
BORRELLY 1987 DEC. 16, 1980 81.3 6.45 200 18.2 TITAN 3F/CENTAUR | 655"
1987 DEC. 31, 198l 715 5.53 150 | 16.3 TITAN 3F/CENTAUR | 642"
ENCKE 1987 MAR. 10, 1984 8.2 3.08 100 176 TITAN 3F/CENTAUR | (30"
T-G-K 1990 MAY 14,1985 »150 450 | 150 125 TITAN 3D/CENT/BIO | 753

* TWO-STAGE RENDEZVOUS MANEUVER




TABLE &

COMET RENDEZVOUS -~ SOLAR ELECTRIC PROPULSION MODE*

ENCKE/80 D' ARREST/82 KOPFF/83 HALLEY/86

0= 66 1bs[kwe
n= 66%
kt= 6%

LAUNCH DATE , " March 7, 1978 Sept. 27, 1980 July 29,.|98I May 24, 1978
ARRIVAL (BEFoﬁE PERIHELION) 100 days 20 days 50 days 55 days
FLIGHT TIME, DAYS 900 days 700 days 700 days 2740 days
LAUNCH VEHICLE Titan 3C Titan 3C Titan -3C- Titan 3Flcéntaur
LAUNCH HYPERBOLIC VELOCITY 3 km/sec 3 km/sec 2 km/sec 7 km/sec
POWER RATING 20 kwe 20 kwe 25 kwe 50 kwg
SPECIFIC IMPULSE 3500 sec 3500 sec 3500 sec 3500 sec
PAYLOAD (NET SPACECRAFT) - 10i5 1bs. 910 1bs. 1075 1bs. 415 1bs.
*Prgﬁulsioﬁ-system specific mass, efficiency and fankage


http:Titan.3C

nuclear-electric system for space flight, the most-reasonable
trajectory generated is a 2.5 year flight launched with a

Titan 3F/Centaur. The net payload at Halley is 1650 1bs.

using a 140 kwe nuclear-electric low-thrust spacecraft based

on nominal technology design (aps-= 56 1lbs/kwe). Ecliptic and
normal plets of the low-thrust flight path are presented in
Figure 1. Rendezvous occurs 55 days before Halley's perihelion.
The comet is near it's minimum geocentric distance and about
4th magnitude in total brightness, '

These results were presented to the Director of

Planetary Programs, Donald P. Hearth, in February and again at
the NASA sponsored Comet Symposium at the University of Arizona
in April. Four specific conclusions were also cited at these
‘presentations which are as follows:

1) Comet rendezvous missions in the time period
1975-95 are attractive and appear possible from
a trajectory/payload standpoint.

2) Several favorable opportunities utilizing ballistic
flights have been identified. Three-impulses or
two-impulses plus a Jupiter gravity-assist are
necessary with space-storable propulsion systems.

3) Low-thrust flight, restricted to solar-electric
propulsion until the mid-1980's, offers the best
performance of comet rendezvous missions. The
advantages include shorter flight time, smaller
launch vehicles, larger payloads, power availability
and terminal maneuverability.

4) To date, the only promising rendezvous trajectories
to comet Halley require a nuclear-electric low-
thrust propulsion system which would have to be
developed by 1983.

During the Comet Symposium (April 8-9) Drs. E. Roemer

and B. Marsden offered several suggestions to improve the
practicality of the sighting conditions which were used to

IHT RESEARCH [INSTITUTE
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TABLE 5

COMET CLASSIFICATION BASED ON EARTH RECOVERY

AND SIGHTING CRITERIA

d'Arrest/89 -
Honda-Mrkos-Padjuskova/90
Daniel/92

Giacobini- Zlnner/92
Tuttle/ %

Encke/97

Class Original Criteria New Criteria
Good Encke/80 Encke /80
) Tuttle/81 d'Arrest/82
d/Arrest/82 Grigg-Skjellerup/82
‘Grigg- Skjellerup/82 Kopf£/83 ,
Kopff/83 Giacobini-Zinner/85
Giacobini-Zinner/85 . Halley/86 .
Halley/86 Borrelly/87
Borrelly/87 Temple-2/88.
Tuttle-Giacobini-Kresak/90 Faye/91 :
Faye/91 Forbes/93
Schaumasse/93 Schaumasse/93
d'Arrest/95 Tuttle/93
Perrine-Mrkos/95 Perrine-Mrkos/9
Kopf£/96 Ropff/96
Giacobini-Zinner/98 Giacobini-Zinner/98
Fair .Brooks-2/80 Brooks-2/80
Forbes/80 Forbes/80 -
SchwaSSmann-Wachmann 2/81 Schwassmann-Wachmann- 2/81
Schaumasse /8% Encke/87
Grigg-Skjeuerup/87 -Grigg-Skjellerup/87
Temple-2/88 Pons-Winnecke/89
Pons-Winnecke/89 Encke/90
Encke/90 KopE££/90
Kopf£/90 Tuttle-Giacobini-Kresak/90
. Forbes/93 Giacobini-Zinner/92
' A'Arrest/95
Encke/97
Poor Ashbrook-Jackson/78 Ashbrook-Jackson/78
. Borrelly/81 Tuttle/80
Areno-Rigaux/84 Borrelly/81
Honda-Mrkos- Pad;uskova/SS Arend-Rigaux/84
Whipple/86 ) Schaumasse /84
Encke/87 Honda-Mrkos-Padjuskova/85

Whipple/86

d'Arrest/89
Honda-Mrkos-Padjuskova/90
Daniel/92

Hr RESEARC}:i INSTITUTE
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determine the 16 favorable comet apparitions for which rendezvous
opportunity data had been generated. Specifically, 1) nuclear
comet magnitudes rather than total magnitudes should be used to
determine recovery charactéristics, 2) a bright moon can delay
predicted recovery by as much as two weeks, 3) recovery plates
are often obtained when a comet is below 25° elevation at the
observing site, and 4) 35° north latitude is more representative
of observing sites in the northern hemiSphefe than.is 25°.
These conditions have been incorporated into a new set of
sighting criteria so that the classifications of the 38 comet
apparitions considered could be reexamined. The revised
classification of good, fair and poor comet apparitions is
compared with the original ordering in Table 5. There are still
16 comets classified as having good apparitions. There are,
however, three changes in the good list (those apparitions
for which rendezvous trajectory data has been generated).
Tuttle/81, Tuttle-Giacobini-Kresak/90 and d'Arrest/95 have
been replaced by Temple-2/88, Forbes/93 and Tuttle/9%.
Multi-impulse ballistic rendezvous transfer data are
currently being run for the three comets added to the good list,
In addition, several multi-impulse opportunities are being
checked for further performance improvements with added im-
pulses (up to 5 total). A draft of the final report of this
study task is in progress and will be submitted during the next
reporting period.
2.2 Jupiter Orbiter Mission Study (J. Niehoff, A. Binder,

D. Klopp)
This study was initiated during the previcus contract

year to determine the nature and usefulness of first-generation
orbiters to the exploration of Jupiter. Four areas of analysis
have been defined for the study, 1) definition and evaluation
of science objectives, 2) description of measurement specifica-
tions and parameter instrument design, 3) trajectory analysis
and related orbit selections, and 4) mission definitions,

HT RESEARCH INSTITUTE
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comparisions and conclusions. Study results in the First three
areas were summarized in Report No. A-7, "Sixth Annual Summary
Report'". The results of the fourth and final study areas are
presented below. ‘ _ .

The development of mission definitions is-a synthesis
of results obtained in theé first three Study.tésks. It quickly
became apparent, in developing these definitions, that no
single orbit would satisfy all science objectiﬁe and instrument
requirements. 1In fact, two opposing trends are implied by the
requirements, short period orbits versus long ﬁeriod 6rbits.
The advantages of each qf-these orbit c}ésses are'Iistéd_for
comparison in Table 6. The advantages of small orbits (éhoft
periods). pertain to measurements of the #lanet itself. For
altitude (i.e., resolution) limited planetology instruments,
short-period .orbits provide more opportunities to image the |
planet over a fixed period of time. Advantages of long-period-
orbits pertain to, 1) particle and field measurements and
their enormous spatial requirements, and 2) spacecraft design
including weight and radiation lifetime. )

The split in orbit capabilities suggests a logical:
division of science objectives for Jupiter orbiter missions,

1) particle and field measurements, and 2) planetology measure-
ments. Four different.mission profiles are suggested to consider
the trade-offs of this situation. TheSe are given in Table 7.
Mission no. 1 is specifically a-particleé and fields mission.

It involves two spacecraft in 45—day orbits at two inclinatioms.
The multiple spacecraft and different orbit inclinations are
selected to improve the spatial coverage.of"the enormous region
of the Jovian magnetosPhere.- Mission mo. 2 is -specifically a
planetology mission using a 15-day inclined orbit to maximize
the coverage of altitude-limited instruments. Mission no. 3
also a planetology mission, reduces the latitude coverage by
using an equatorial orbit in exchange for multiple opportunities
to observe the Galilean satellites. Mission no. 4 is designed

JIT RESEARCH INSTITUTE
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(A

TABLE &

ADVANTAGES

SMALL AND LARGE ELLIPTICAL ORBITS

SMALL ORBITS (P:7%)

LARGE ORBITS (P -:-45d)

BETTER OVER-ALL RESOLUTION
OF TIME-VARY ATMOSPHERIC

PHENOMENON WITH A FIXED IMAGING .

SYSTEM

MORE COVERAGE WITH ALTITUDE-
LIMITED INSTRUMENTS

MORE SATELLITE ENCOUNTERS
(ASSUMING EQUATORiAL ORBITS)

MORE COVERAGE IN TRAPPED
CHARGED -PARTICLE REGION

MORE ATMOSPHERIC RF OCCULTATION
MEASUREMENTS

COVERAGE OF INTERACTION OF
SOLAR WIND WITH JOVIAN FIELD,

l.e. MEASUREMENTS OF SHOCK FRONT,
MAGNETOSHEATH, MAGNETOPAUSE

AND MAGNETOSPHERE

BETTER SPATIAL VARIATION IN
JUPITERS MAGNETOSPHERE

MORE PAYLOAD {ASSUMING PERIJOVE
RADIUS iS HELD CONSTANT)

LONGER SPACECRAFT RADIATION
LIFETIME




€1

TABLE 7

JUPITER ORBITER M/ISSION SELECTIONS

ORBIT PARAMETERS

MISSION SCIENCE
NUMBER OBJECTIVE )
PERIAPSE (Ry) | PERIOD (DAYS) ' [INCLINATION (DEG)
,I PARTICLES AND FIELDS' 3 45 O AND 120"
2 PLANETOLOGY 3 I5 60
'PLANETOLOGY AND "
2.391 . 7.1 .
SATELLITE 0
3 OBSERVATIONS (2.290)2 (14,2222
PARTICLE AND FIELD
4 . AND | 3 30 60
. PLANETOLOGY :

| TWO SPACECRAFT ORBITED AT DIFFERENT INCLINATIONS
2. NEXT ORBIT- CHOICE IF PREFERRED ORBIT CANNOT BE ACHIEVE



to do both particles and tieilds and planelology experiments.
Its orbit period of 30 days is definitely a compromise between
the opposing measurement requirements on orbit size.

The spacecraft subsystem weight breakdown for mission
1, shown in Table 8, is based on Pioneer F/G techmology. The
60-1b science pavload consists of a magnetometer, several plasma
probes, a variety of high-energy particle detectors, an RF
receiver; electric field detector, and two micrometeorite
detectors. The total propulsion allowance includes 200 m/sec
for mid-course and orbit trim maneuvers. The propulsion system
weight is based on a bipropellant system (N204-Zerozine) with
310 sec Isp. A total weight requirement of 2050 1lbs. (two
spacecraft) is within the capability of the Titan BD/Centaur
using 760-day transfers and 10-day launch windows. The
selected orbits for the two spacecrafts are shown in the back-
ground top view of Jupiter's magnetosphere. Note that only one.
of the orbits (inclination = 120°) crosses the predicted shock
front, due to the orbit orientation required for an optimum
orbit capture maneuver. As time in orbit increases the orbits
will slowly rotate clockwise further into Jupitér's magne tosphere

The spacecraft weight summaries for missions 2, 3
and 4 are presented in Table 9. The subsystem weights are
estimates based on a survey of Jupiter orbiter spacecraft
designs and a data load on the order of 109 bits per orbikt.
A liberal contingency factor (15%) is added due to the lack of
detailed analyses to support the weight allocations. Some
adjustments have been made in specific subsystem weights for the
individual missions. The total orbited payloads do not differ
markedly, however, primarily because imaging planetology instru-
ments, which place the most significant burden on subsystem
support requirements, appear on all three missions. The more
significant drawback to Mission 4 than its slightly larger
weight is the fact that it can obtain only half as much
planetology coverage as Missions 2 and 3 in the same interval

of time.
JIT RESEARCH INSTITUTE
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SOLAR WIND

| \

SHOCK FRONT

MAGNETOPAUSE
130

TRAPPED
PARTICLES

10/

SUN

2

SOLAR WIND
‘ 120° 45-DAY ORBIT

\ /

7 /._60 50

MISSION WE!GHT SUMMARY

RADIATIgN/k
BELT /

WEIGHT{LBS)

SUBSYSTEM

SCIENCE 60
POWER 150
CONTROL & SEQUENCING 60
DATA MANAGEMENT 35
COMMUNICATIONS 11
ATTITUDE CONTROL 40
THERMAL CONTROL 10
STRUCTURE 8 SHIELDING 75
CONTINGENCIES ‘50
SUBTOTAL 500
PROPULSION {Av=1,46 KM/SEC) 475
TOTAL INJECTED SPACECRAFT 975

L)
TWO(2) SPACECRAFT+5% 2050

MOUNTING STRUCTURE

‘-..'_-"

50

MAGNETOTAIL
100

®150R,

‘ 50 100 I30R

EQUATORIAL
45-DAY ORBIT

MAGNETOSPHERE \

- { TOP VIEW)

TABLE &

MISSION NO.! SUMMARY WE/G‘H:T BREAKDOWN AND ORBIT-C'ONF/GURATIONS



TABLE 9
SPACECRAFT WEIGHT BREAKDOWN

MISSION NOS. 2,3, AND 4 — PLANETOLOGY

91

WEIGHT (LBS) .
SUBSYSTEM = ' :
PLANETOLOGY PLANETOLOGY AND PARTICLE AND FIELDS
SATELLITE OBSERV. - AND PLANETOLOGY
SCIENCE 190 90 230
PLANETOLOGY INSTRUMENT PLATFORM 35 35 35
I R RADIOMETER COOLING SYSTEM 50 50 50
PARTICLE /FIELD INSTRUMENT BOOMS - 25 40
RTG POWER AND CONDITIONING 275 275 300
DATA MANAGEMENT 40 40 40
DATA STORAGE 65 65 65
COMMAND CONTROL AND SEQUENCING 45 50 50
TELEMETRY 90 90 90
ANTENNA 75 75 75
ATTITUDE CONTROL i50 150 150
THERMAL CONTROL 25 25 26
GUIDANCE SENSOR SYSTEM 30 30 30
METEOROID SHIELDING 15 15 18
STRUCTURE , WIRING , ETC, 160 65 180
CONTINGENCIES (15 %) 185 190 205
TOTAL ORBITED SPACECRAFT 1430 1470 1680




Measurement arcs on a 15-day. orbit- (m1581ons 2 and 3)
are illustrated in Flgure 2 for the selécted planetology
instruments in the sc1ence payloads of TaBle 9 Each instrument
will provide better than 100-km resolution over the subspacecraft
ground trace within its measurement arc. Exqu& for the visual
imaging returnwbéém vidicon, all instruments are restricted
to a period of operatlon no longer than two Juplter days near
periaspse (flxed in this study at 3RJ) This agaln emphasizes
the importance of frequent periapse passes (short-perlod orbits)
inlorder to study time-varying phenomenon in Jupiter's atmosphere,

A comparison of surface coverage Capablllty of the
1. 5 inch return beam vidicon in equatorial and 60 “degree -
1nc11nat10n 15-day orbits is presented in Figure- 3 4 The shaded
reglons deplct the coverage of a 1 deg. field-of-view instrument
taklng onte..image on each side of the ground trace -(a flip-flop
mirror system). If lateral scanning is permitted to the point
where resolufion has degraded to 200 kilometer (limit permitted
by measurement .specifications) then the dotted curves indicate
the émouht~of Tatitude coverage available., Note that with the
60 degtree inclination orbit both the north and south poles of
Jupiter are seen during portions of the orbit at'Eetter than
200 km resolution. Even with the equatorial orblt more than 85%
of the planet surface is seen at better than 200- km resolution
during each Jupiter day.

’ Fixed flight time transfers were compbined with Tican/
Centaur famlly latnch vehicles in’ the third study area (trajectory
analysis-and related orbit selection) to form selectéd orbiter
dellvery modes for use in payload analy815r " The selected
dellvery modes are shown in Table 10 along with injected - -
interplanetary payload capablllty, in parathe31s for the
required maximum characLerlstlgfve@ob;tles, Voo The selections
are made so that launch vehicle size and flight time can be
traded off while injected payload-is kept mear the 3000 1bs.
mark. Hence, the maximm-payload flight time (760-days with

"HMT RESEARCH INSTITUTE
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10-day launch windows) is retained in the mode selection until
the Titan 3D(7)/Centaur is employed with an injected payload
of 3300 1lbs.' Mode 5 was subsequently rejected because the
associated high Jupiter approéch velocities of 500-day transfers
further reduced useful orbited payload to less than 500 1bs.
The total launch vehicle injected weight required by
Missions 2, 3 and 4, assuming either earth-storable (Isp = 300 sec)
or space-storable (Isp = 400 sec) capture propulsion systems are
compared with the injected payload capability of each of the
orbit delivery modes 1-4 in Table 11. A 200 m/sec allowance
for mid-course guidance and orbital trim is provided for
Missions 2 and 4. The planetology and satellite observation
migsion has a 500m/sec allowance to provide more orbit comtrol
in comnection with satellite observations. Only the three open
squares of Mode 3 have payload requirements within the capability
of the associated launch vehicle, It is concluded that a
Titan IIIF./Centaur launch vehicle and probably a space-storable
propulsion system will be required to perform Jupiter planetology
orbiter missions. 1In general, a 760-day transfer with a 10-day
launch window will also be required. However, during the low-
enexrgy opportunity series of 1974-1976 and 1980-1984 the launch
window can be enlarged to more proelical values of 15-20 days.
The consideration of high-energy upper stages, e.g. a hydrogen/
fluorine Eick stage or a solar-electric low-thrust stage, on
the Titan vehicleé has not been considered. Such additions
.should be studied as alternatives to seven-segment solids for
the Titan and development of space-storable retro systems.
Four specific recommendations are made as conclusions
to, the study: -
1) Press for a double Pioneer P/F orbiter mission
launched by g single Titan 3D/Centaur/Burner II
during the series of low-energy Jupiter oppox-
tunities from 1974 to 1976,
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TABLE 10
SELECTED ORBITER DELIVERY MODES
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(2700 Lbs.)
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MODE 5
{1950 Lbs.):

LAUNCH VEHICLES INJECTED WEIGHT.
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2) Encourage the continued.development of better.
planetology instruments to cope-with the .resolution/
intensity problems at Jupiter. :

3) Plan to initiate planetology orbiter missions.after
the Grand Tour missions during the series of low-
energy Jupiter opportunities from 1980 .to 1984, -

4) Continue with plans for early atmospheric ﬁrobe
missions sSince orbital instruments will not provide
data much below Jupiter's cloud tops.

The study is at this time complete. . The construction of the
report on the study has.been.delayed by advanced planning
activities but is expected to be-completed during.the next
reporting period.
2.3 Mercury Orbiter Mission Study (W. Wells, D. Klopp,
W Adams) ) )
The overall goals of thls study are, 1) to identify

scientific objectives for Mercury exploration which can then
be related to mission and instrument requirements, and 2) to
explore the capabilities of solar-electric low-thrust propulsion
for Mercury orbiter missions. . A list of study tasks is given
in Table 12 summarized in this report. Results of the three
tasks under ''Development of Science Measurements'' and a portion
of task Cl, "orbit selection'", have been obtained during this
reporting period.
Task Al: Review of Scientific Investigation of Mercury

While our knowledge of Mercury is limited, some things
are known that will be useful in designing an orbiter mission.
The orbital elements of Mercury are well known (see Table 13).
In 1965 earth-based radar observations established a 59-day
rotation period and it is now believed, both from observations
and theoretical considerations, that Mercury has a unique 2:3
resonance between its orbital and rotation périods. As a
result the length of a Mercury day is 176 earth days., Given
the resonance and eccentricity of the orbit, two equatorial
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areas . (these are the sub~-solar points at Mercury periﬁelions)
will receive more solar energy than other equatorial areas

and are appropriately known as hot poles, The equatorial

areas 90° away are known as warm poles. Other physical elements
are also listed in Table 13. The density, which is the highest
for any planet, implies that Mercury is about two-thirds iron
which could be concentrated in a central core.

Oﬁservétions of Mercury by earth-based telescopes
have been limited by its proximity to the sun. The resolution
that can be achieved is about 500 km for which no features
other than slight albedo variations have been identified.
Photometric observations have shown that in this respect
Mercury resembles the Maon. The Moon and Mercury alsc have
similar radar reflectivities and scattering laws which may imply
similar surface materials and terrain. Infrared and microwave
observations have established that the mean surface temperature
at the subsolar point is 615°K while the dark side is about
100°K at the surface.

Polarimetric studies are consistant with a thin
atmosphere of about 1 mb while spectroscopic tests have led to
upper limits for some possible constituents. Because of the
high tempergtures and the low escape velocities, an atmosphere
seems unlikely. This means that there will be little if any
attenuation in surface radiation of either photons or particles.

Unfortunately, little is known about possible surface
features, the nature of the solar wind interaction with the
planet or whether Mercury has a magnetic field or trapped
‘radiation belts. The Mercury-Venus 1973 mission will provide
scientific data that is essential to the final design of a
Mercury.orbiter_mission.

Task A2: Measurables and Techniques

A list pf scientific measurables has been derived
in a' systematic manner by subdividing the goal of Mercury
exploration into the exploration regimes of Surface and Interior,
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TABLE 12
MERCURY ORBITER MISSION STUDY TASKS

DEVELOPMENT OF SCIENCE MEASUREMENTS

1.

Review the present status of scientific investigations
of Mercury.

Identify the primary measurables for early exploration
of Mercury and determine useful seﬁsing techniques

for their study.

For each "orbital" measurable write a set of specifi-
cations which state the required performance of each
useful technique.

TRAJECTORY AND PAYLOAD ANALYSIS

1.

Review direct Venus swingby and multi;impulse trajec-
tories to Mercury.

Generate solar-electric low-thrust trajectories to
Mercury for orbiter missions.

Perform a payload trade-off study for appropriate
combinations of launch vehicles, interplanetary flight

modes and oxbit capture propulsion systems,

MISSION SYNTHESIS

1.

Select orbits based on science measurement require-
ments and/or trajectory and propulsion system
characteristics. ' . .
Describe instruments capable of performing measurements
on the selected orbits.

Estimate science payload and spacecraft subsystem
weights for specific mission profiles.

Compare characteristics of mission profiles.

Summarize preferred orbiter mission definitioms and

their contribution to Mercury exploration.
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TABLE 13

MERGURY ORBITAL ELEMENTS:

Semi-major axis ' 0.3871 AU
Eccentricity " - 0.2056
Inclination 7.004°
Orbital Period 87,969 day

MERCURY PHYSICAL CHARAGTERISTIGS

-nRofationuggriod 58.646 days. -
Mass/Mass of earth © 0.0553
Radius ' - 24340 km
Ellipticity 0
Density = - 5.45 g/cm
Escgpe velocity %.2 km/se
Surfacg gravity 372 cm/se
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" Atmosphere, Particles and Fields, and Biology. .The subsequent
division of the Surface and -Interior Regime- 1smshown in-Table ]
:where ‘at the last level, X's have ‘been placed before the ,

measurables which we believe deserve'a hlgh priority in Mercur3
exploration. Almost all of these prlorlty measurables deal
with the exploration regime of "Surface and Interiors'" althougt
a few measurables are included for the atmospheric composition,
magnetic field and radiation belts.

. The selected high-priority measurables aré presented
'together with measurement techniques 'in Table 15. Here the
measurables have been ordered by the mission modes needed for
their study. They fall into cétegeriesuof'l) measurables best
made from orbit, 2) measurables best performed on complimentars
orbiter and 1andef.missions, and 3) measurables best made with
landers. -From an' extensive iist\of possible orbital measuremer
techniqués and some lander’ techniques, we have indicated which
are useful techniquee for studying each priority measurable.
Imagefy_techpiquee especially visual but including ,other
bands, are very useful for orbiter measurables. An orblter -and
a lander provide complimentary data for elght measurables.

For example., an orbiter frequently employs Spectroscopy to
study the variations over a planetary surface, while surface
sample analysis provides a useful independent measurement at
the lander site. For the last group of measurables, a lander
m1531on is requ1red to get a surface samnle or to make in situ
measurements of the surface.

Task A3: Measurement Specifications

‘Before either specific instruments or orbits are
selected; it is mecessary to describe how a scientist would
-like the measurements to be performed. That is, what operational
conditions and measurement accuracies are desired for proper
information interpretation. In general, several measurables
use the same instrument technique and. therefore, several
sPecificatiens would be written. These have been grouped
together under a single summary specification for each technique.

IIT RESEARCH INSTITUTE

27



TABLE 14

EXPLORATION REGIME: SURFACE AND INTERIOR

REGIME CATEGORY

CATEGORY OBJECTIVE

MEASUREABLE

PLANETARY ELEMENTAL ABUNDANCES | x | SURFACE ELEMENTS
COMPOSITION
ISOTOPIC RATIOS x | SURFACE 1SOTOPIC RATIOS
'MATERIALS x| PETROLOGY
X | MINERALOGY
LIOUIDS
MEAN DENSITY X| MASS
x| RADIUS
x | OBLATENESS
PLANETARY GEOMETRIC SHAPE x| surracE ELEVATIONS
STRUCTURE x| CENTER OF MASS
CRUSTAL STRUCTURE, x| LAYERING
x| conTACTS
x| ATTITUDE OF ROCK UNITS
x| STRUCTURE OF FEATURES
SURFACE MORPHOLOGY x| surRFacE ToPoGRAPHY
x| SURFACE APPEARANCE
x| THERMAL PROPERTIES
INTERNAL STRUCTURE x| DENSITY DISTRISUTION
x| DISCONTINUITIES
ACTIVE PLANETARY PLANETOCENTRIC MOTION %| ROTATION PERIOD/AXIS

PROCESSES

ACTIVE CRUSTAL PROCESSES

SURFACE WINDS

LIQUID MOTION
TQPOGRAPHIC CHANGES
THERMAL ANOMALIES
SEISMIC WAVES

SURF /ATMOS TRANSFER
SURF/ATMOS INTERACTION

ACTIVE INTERNAL PROCESSES

MAGNETIC FIELD
HEAT FLOW

X | SEISMIC WAVES

MASS MOTION
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It may not always be possible to meet these ideal
measurement specifications since any instrument will be state-
of-art limited. However, it is recommended that whenever an
instrument can be designed within the .state-of-art that exceeds
these specifications, it be used unless it is significantly
heavier, more costly or too demanding of spacecraft subsystems.

An example of a measurement specification summary for
the technique of wvisual imagery is presented in Table 16. The
six measurables for which visual imagery is useful are: surface
elevations, rotation axis/period, contacts, structure of
featurés, surface topography, and surface appearance. Three
levels of investigation are defined: regional, local and
detailed. Each of these corresponds to a characteristic feature
size based on terrestrial and lunar experience. The first two
measurables are defined only on the regional scale. Color
images would be useful for contacts, structure of features and
surface appearance. Vertical resolution, which can be achieved
by either shadows or stereo, applies to surface elevations,
structure of features and surface topography.

Task Cl: Qrbit Selection

The objective of this task is to determine orbits
which both maximize the quality and quantity of scientific dat
collected and minimize the orbit capture and control require-
ments, " The latter objective of minimum AV depends upon the
characteristics of interplanetary transfers to Mercury, of .
which study has just started. At this time, therefore, only
the choice of an orbit® based on the best science data return
is discussed. )

It would be advantageous to have a circular orbit
so that the surface can be studied at constant resolution.
Because Mercury rotates slowly, a circular orbit will also
give more coverage for instruments that have altitude-limited
performance. Since a circular orbit has a short period, it will
have more frequent occultations and more opportunities to
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- TABLE 16

SAMPLE MEASUREMENT SPECIFICATION

Instrument Technique: Visual Imagery

Ground resolution
Vertical resolution
Image size
Positional accuracy
Planetary coverage
Distribution of coverage
Acquisition time
Repetition rate
Spectral region
Number of bands
Bandwidth

Image overlap

Solar elevations

IIT RESEARCH INSTITUTE

egional

1 km

1 km

. 800 km

10, km
global
global

0.4-0.7u

local

0.1 km
0.1 km
100 km
1 km
20%
global

1 (3 for color)
0.31(0.1p for color)
20% (60% for stereo)
10-30° for shadows
50-80° for color
70-90° for stereo

31

detailed

lm
5.m
1 km
10 km
1%
global



observe dynamic phenomena. The main disadvantage is the

higher capture &V needed, Also a larger fraction of the mission
will be spent within the solar occultation zone. A third
disadvantage of a circular orbit is the limited volume of near
planet space available for particles and fields exploration.

The optimum altitude for the mission is found by
considering the field-of-view and foreshortening of an imaging
system for regional studies which is 800 km. The altitude
could not be considerably less than 800 km because of the
increasing AV requiremehts and trajectory control problems,

We have selected 500 km as the nominal value. A larger value
may meén-lérger optical system weight for instruments needing
goad illumination intensity. )

The best global coverage for imagery and latitude
coverage of occultations is obtained with a polar orbit. This
is achieved at the reduction of coverage at specific latitudes
which may contain intersting features.

Any additional candidate orbits, particularily
elliptical, that may be selected because of smaller AV's will
have to meet two conditions. First they must have a reasonable
lifetima, say-180 days, under the influence of solar perturba-
tions on the orhit. The second condition is that highly inclined
orbits with periapsis near the equator are preferred.

Analyses of the three study tasks under "Development
of Science Measurements' (see Table 12) are complete. The
results are currently being documented. Review of ballistic
trajectory data for Mercury orbiter missions (Task Bl) is
currently underway. For the next two months major emphasis
will be on c¢ompleting the '"Trajectory and Payload Analysis"
task, with generation and evaluation of solar-electric low-
thrust trajectories being of prime importance. Work is also
currently in progress to develop scaling laws for determining
spacecraft subsystem weights. The results will directly support
the "Mission Synthesis'" tasks plan for this Fall.
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2.4 OQuter Planet Satellites Missions (M. Price and D. Spadoni)

A preliminary study of scientific objectives and

payload requirements to send 1500 1bs., landers to each of
Jupiter's Galilean satellites was conducted last year. The
results (Report No. M-19) indicate that these missions might
be possible with Saturn class launch vehicles and/or-advanced
propulsion systems, e.g. cryogenic or -nuclear retro stages, or
nuclear-electric low-thrust propulsion., These findings are the
motivation for expanding the analysis of outer satellite lander
missions in- the current study. Specifically, the objectives
are: . :
1) to review and classify all the outer planet
satellites according to physical properties and
) orbit parameters, _ )
2) to select a subset of these satellites for
consideration as lander mission targets,
3) to develop a preliminary science péyload consistent
with a Viking-class mission to these satellites,
i.e. an orbiter/lander mission,
4) to determine payload requirements and capabilities
to perform these missions. )
The conclusions of this study will be the basis for the selection
of one or two satellites for an expanded satellite lander mission
study planned next year. i
Task 1: Satellite Review and Classification
On the basis of their physical and orbital parameters,
and probable origin, the satellites of the outer planets divide
naturally into two groups, Regular and Irregular.
The Regular group has the following properties:
o The orbits are direct with respect to the
rotation of the parent plamet,
o The orbits are very nearly circular,
o The orbits are very close to the equatorial plane
of the parent planet,
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> The periods of rotation are equal to the period
of revolution,

o The radii range from 50 km through 2500 km,

o The satellites probably originated as the final
‘'stage in the systematic process of formation of
the major plaﬁets.

The Irregular group has the following properties:

o The .orbits are either direct or retrograde With
respect to the direction of rotation of the
parent planet,

o The orbits are appreciably non-circular,

o The orbits are inclined, in some cases substantially
to the equatorial plane of the parent planet,

o The satellites are always the outermost in any
system,

o The satellites are always small, i.e. less than

500 km in radius,
The satellites are probably captived asteroids,

[+]

the gravitational captives having occured fairly
recently on an astromonical time scale,

These groups are listed by planet in Table 17 and 18,
respectively., The satellites are listed in order of increasing
distance from the planet, The semi-major axes of their orbits,
a, and their radii, r, are also given.

Task 2: Satellite Selection

Six satellites have been selected for consideration
as lander mission targets, Their selection is base on:

1) The physical parameters of the satellite. The
largest satellites are obviously prime candidates
for exploration.

2) The classification of the 'satellite. The Regular
group is more significant in the éontext of the
study of the origin of the solar system,
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TABLE 17

REGULAR SATELLITE GROUP

JUPITER SATURN URANUS NEPTUNE

No. (4 10%km) (km) MO (in 10Skm) Gam) MO (in 106m) Gm)- MO (in 106km)  (km)
v 0.181 70 X 0.160 150 v 0.128 100 T 0.353 2000
I 0.422 1800 I 0.186 300 T 0.192 300 1II 5.600 100
11 0.672 2549 11 0.238 300 II 0.267 300 .
TII 1.070. 2621 1III 0.295 500 III 0.438 500
v 1.883 2389 IV 0.377 500 IV’ 0.586 400

v 0.527 700

VI 1.222 2400

VII 1.482 200




TABLE 18

IRREGULAR SATELLITE GROUP

JUPTTER SATURN

a r a r
No. (in 10%m) (km) No. (in 106km) (km)
Vi 11.470 50 VIII 3.560 500
VII 11.740 10 IX 12.950 100
X 11.850 7.
XTI 21.200 6
X1 22.500 8
VIII 23.500 10
IX 23.700 8
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The satellites selected are the four Galilean moon
of Jupiter, Titan (Saturn VI) and Triton (Neptune I). Table 19
compares them with the smaller planetary bodies in terms of
mass, radius and mean demnsity. Ganymede, Tital, Triton and
Callisto are all more massive than our moon and Ganymede is
slightly larger in size than the planet Mercury. Io is
comparable to the moon and Europa is somewhat smaller., All
of these objects have probably been directly involved in the |,
origin and evolution of their parent planets. Their exploration
promises new knowledge of that process as well as evidence of
major events in their own histories.

Task 3: Preliminary Science Payload

A Viking-class orbiter/lander mission is envisioned
as being the most practical approach to surface exploration
of the outer planet satellites. The inclusion of an orbiter
permits real-time site seiection, avoids the weight penaltiéé
of carrying large bulky (antenna sizes are running 4-5 meters)
earth-link communications systems to the surface, and provides
complimentary orbital data to enhance interpretation and
application of lander measurements. Both a single soft-lander
or multiple hard landers are being considered,.

A number of lander measurements are particularily
appropriate for these missions. Soil sampling analysis is
obviously pertinent to investigation of surface composition.
Seismometry would provide evidence to the intermal physical
structure and age of the satellite. Surface (and orbital)
magnetometry will also provide clues to the interior structure,
High-energy particle detection at the surface, particularily
for the Jovian satellites, is important with relation to
determining the physical properties of surface material.
Thermal monitoring of the surface and subsurface is necessary
to investigate thermal flow characteristics and radiocactive
context of the satellite. A composite experiment would
monitor a rarified atmosphere with the following measurements
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TABLE 19
PHYSICAL PROPERTIES OF THE MOON, MERCURY, MARS

AND THE SIX LARGEST OUTER PLANET SATELLITES

Celestial Body . (inM?SESg) ‘ %iiiﬁ;) ‘ M??E giggity
Mars - 63.95 © 3400 3.95
Mercury 31.68 2420 5.3
Gangmede (Jupiter III) 15.45 2621 -2.1
Titan (Saturn VI) 13.69 2440 2.3
Triton:(Neptupe 1) 13.56 2000 4.1
Callisto (Jupiter IV). 9. 64 2389 1.7

Moon 7.35 1738 3.343

To (Jupiter I) 7.22 1800 3.0
Europa (Jupiter II) 4.70 1549 3.0
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of composition, velocity vector of surface winds, relative
humidity of volatiles, pressure and temperature. Perhaps the
most meaningful measurements which can be identified at this
time are visual imagery and spectral photometry. Among the
measurables investigated would be topography in the vicinity
of the landing point, and observation of the formation and
melting of any "hoar-frost' during and after solar eclipse

by the planet. Rudimentary imagery of the parent planet might
also be undertaken.

A list of instruments to perform these measurements
is presented in Table 20 in terms of weight and power. The
composite science package, suggested for the soft-lander,
weighs 100 1bs and requires 150 watts of power. All equipment,
except the drill, may be in operation simultaneously. For
the hard-landers only one or two of the instruments in Table 20
could be landed in one capsule, its total weight estimated to
be on the order of 50-100 lbs. In addition, only certain
instruments such as the seismometer, atmospheric monitor,
facsimile camera and particle detectors may be designable to
the large impact forces. ‘

Objective 4: Trajectory and Payload Analysis

Progress to date on the payload requirements objective
of the study has been made primarily in the area of trajectory
analysis. Ballistic interplanetary trajectory characteristics
have been studied for Jupiter, Saturn, and Neptume. Maneuver
sequences have been defined for orbital capture at the satellite
and for deploying a lander (soft or hard) to a selected surface
site. The direct approach from interplanetary flight to landing
(used in the previous study, see Report No. M-19) has been
abandoned because it requires a priori site selection and
implies regorous timing and orbit determination to successfully
accomplish the terminal manuevers.

Launch opportunities over the period 1985-1995 have
been reviewed for interplanetary transfers to Jupiter, Saturn
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TABLE 20

INSTRUMENTATION
. Weight Power Information
Experiment (1bs) (watts) Source
1. Soil Sampler and Analyzer 23 54-79 Viking
a) Molecular analysis of
soil volatiles by gas
chromatography/mass
spectrometry. )
b) Scanning calorimeter 0.5 10-28 Viking
2, Seismometer : 3 1 Viking
3. Magnetometer (Fluxgate or 7-10 2.5-3

Vector Helium type)

4. Charged Particle Detectors

a) Plasma detectors 8-10 3-4
(Electrostatic analyzer
or Faraday Cup)

Pioneer F/G

and
IITRI 1970
Jupiter
Orbiter
Study

Apollo 13

b) High Energy Particle 3-6 1.5-3
detectors —
5. Heat flow meter 10 10.5
Drill to implant thermal 24 See text

sensors up to 3 meters
into soil

6. Atmospheric Monitor

a) Anemometer, pressure 7.5 11
and temperature
sensors
b) Mass spectrometers Included in Soil
Sampler and analyzer
Equipment
7. Facsimile Camera 13 10-12
TOTAL 99-107 103.5-152.5

ALSEP

Viking

Viking
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and Neptune. Table 21 presents nominal values selected for
flight time (TF), characteristic launch velocity (Vc) and
hyperbolic approach speed (VHP) for each of the respective
target planets. These average values are typical of 10-day"
launch windows over the ll-year period of opportunities:con-

sidered.

TABLE 21
Target IF¥ Ve VHP
Planet (days) (ft/sec) (km/ sec)
Jupiter 760 47840 6.84
Saturn 1625 51657 6.82
Neptune 3400 57214 13.11

The impulse sequence developed for establishing an
orbit about a planetary satellite is illustrated in Figure &.
The sequence is a derivative of the bi-elliptic transfer and
requires, in general, three impulse. The first impulse
establishes a loose elliptical orbit about the parent planet
in a plane which contains the hyperbolic approach velocity
(VAP) and intersects the satellites orbit at the periapse
point of the approach hyperbola. The second impulse occurs
at the apoapse of the initial orbit. 1Its purpose is to change
the orbit plane to coincide with the satellite and raise the
periapse radius to match the satellite orbit. The final impulse,
performed at periapse of the second orbit, establishes the
capture orbit about the satellite. It is assumed that the
spacecraft's periapse passage is matched with the position of
the satellite so that capture can occur.

A polar orbit is specified about the satellite to
permit extended surviellance of the surface before a landing
site is chosen. Once the site is selected another sequence
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improve the utility of the report for advanced planning purposes.
Accordingly, a two man-month effort was included in the revised
schedule for the current contract year (see Table 1). Typical
of the additional material generated for the report is Figure 6,
a sequential illustration of the development of the signal to
noise equation:

PtGaAe
(4mR5)[1.38 x 10

(4mRY) -23

(T a+Tr)B]

where the individual parameters are defined in the figure. This
equation is the basis for comparisons of 1) Harth-based and
spacecraft monostatic radar systems, and 2) bistatic and
monostatic radar operations for several combinations of Earth-
‘based and/or spacecraft systems. The two-month review task is
completed. A finmal summary of the overall study is presented
in the following paragraphs.

Earth-based radar studies of the terrestrial planets
from such as the Arecibo, Goldstone, and Haystack sites have
provided much valuable data. Rotation rates, orbital parameters,
surface roughness and even maps of specific planetary topographic
features have been furnished by radar observations., It is
evident, however, that Earth-based radar observation alone is
approaching a limit, a limit beyond which a significant amount
of knowledge of the solar system lies. Radar resolution will
continue to increase with the application of new techniques
like radar interferometry, but sensitivity is already seen to
be approaching a physical limit. The resolution will exist
for detailed (1 km) study of the terrestrial plamets but the
sensitivity will not.

Spacecraft radars are the answer to this limiting
problem. Though they, 1) suffer a 1000:1 disadvantage in radiated
power compared to Earth-based terminals, 2) must contend with
high planetary brightness temperatures (noise) compared to the
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of three maneuvers is required to deploy the lander., This
sequence is illustrated in Figure 5. The first impulse (no. 2
in the figure) places the lander (after separation from the
orbiter) on a descent orbit to bring it much closer to the
surface. Near the low point of this orbit a fixed-thrust burn
(no. 3) is performed to reduce the lander's velocity. The
landing is accomplished with a wvariable-thrust terminal maneuver
(no. 4) which immediately follows the braking maneuver., If a
hard-lander capsule is used the terminal descent maneuver is
omitted. The orbiter is actively maintained after landing as

a communications relay link to Earth.

] A number of exploratory trajectory computations have
lead to a nominal set of orbit and propulsion parameters for

the orbit/landing phase of the mission. These include a 100 km
altitude circular polar parking orbit, an initial thrust level
for the braking maneuver of one-g and a 4:1 throttle ratio for
the terminal descent of the soft-lander. The hard-lander impact
velocity is on the order of 100 m/sec.

The Work_pianned during the next reporting period is
concentrated on low-thrust interplanetary trajectory analysis
and development of payload data for the maneuver sequences
described above. This will be followed by comparisons of pay-
load requirements with capabilities of various propulsion system
combinations. As a final conclusion to the study one or two
satellites will be chosen as the objects for a complete lander
mission study which is to follow. This selection will be based
on relative scientific merit as well as consideration of flight
time and propulsion system complexity to reach the surface of
the six primary satellites considered.

2.5 Spacecraft Radar (H. Goldman, R. Brandenburg)
A comparison study of earth-based and spacecraft radar

capability was performed during the previous contract year.

Results from this study were reported in the Sixth Annual

Summary Report, A-7. Following a review of the report rough

draft it was decided that some additions should be made to
iIT RESEARCH INSTITUTE

43



MANEUVER SEQUENCE:
. CAPTURE IMPULSE (SAME AS NO.3, FIG.

2. DESCENT ORBIT INJECTION IMPULSE

3. CONSTANT-THRUST BRAKING:
4,VARIABLE-THRUST TERMINAL DESCEN?1

SATELLITE Illl}
Ronwﬂon céﬂw

2
-
e
DESCENT
ORBIT

SELECTED

LANDING g

SITE" #
Y

APPROACH ON
PLANETARY ORBIT

FIGURE 5. SATELLITE LANDING SEQUENCE

b



9. INCIDENT FLUX WITHOUT ANTEMMA DERECYIVITY

U, ANTENNA CONFINES RADIA MON AND INCAEASES FLOX BY GAIN FACTOR, G
’ RHZ Pawih 1N PULES, f WATTS
: Mt— POWEN DELSITY '
AurLiFire * [
{ osclu.nroni kooumaﬂt ouTRUT j—-——-mg Py WAYTS/ 50 METER »Q'ﬂ'g— # EFFECYIVE POWEN DENSITY ¢ — 0 = WATTS /£0, METER
¥ ; ;“"‘Twa‘ ™ L] na' .
FHATE REFENDICLIMING REFERENCE HONDARECTIGNAL ' ' '
g . RABIATOR o .
N DIEESTI Wi
) (mm_}'lag APERTOTE WAVEERONT { WAVELEMGTH, X KETERS)
AMTERNAT
WEVEFRONT AT .
APERTURE AREA:RECTANGULAR Dy % B, , m? B X PHYIICAL APEETURE AREA
DISTANCE I, METH . {FOR RTADONANLE #4
STANCE 1, METERS CIRGULAR I pE, md "*‘”r°3”*“““'““—‘-—"“—-—;‘; < ANTENNA SFFIGIENEYY
[

.- , Vv

AVEER: WITH EFFECTIVE C. INCIBENT FLUX STRIEES AN ELECTRICAL DISCONTINUITY {TARGET AREA/VOLUME] IN PERNEADILITY
d. RECEIVING o NEFLECTED NAVEFRONT Wit {4} REAL DIELECTAIC CONSTANT (¢} OR CONDUCTIVITY L} AND SCATTERS.
. X
o, . {ARTIFICIAL, SOAVENTION)
HOST/TRING RETEATUCE e TARGET VIZWED AS AM ISOTEGPIC SCAYTEALN

DB [HCIDENT POWEX DENIITY FROM TARGET AEFLECTHD WHIGH INTEACEFTS 0 30 MCTERS OF WAVEFRONT
RETuRN AT DITAKLE Ry WAVIFROMT i i
- AHD TOTALLY BEFLECI 2 INCIDENT POWER GYER 3
LR AT STEDADIAKE, i

URREATIE YoTaL mowea INTEncePTED ) T x e, warrs
= ﬂrag
BIZHAL PONER COLLECTZS DY ANTEMNA AND BELIVEREE TOUMATGHED) RECEIVER <:j EQUIVALENT REFLECTED FLUX AT DISTANCE By METERS FROM TAAGET:
PG ke PG
. P s M T2 3
o SR it ;,J;,;% wATTS 750, MCTER
]
B . O OF ACTUAL PATSICAL AREA FMOJECTED TO OUSERVER | A $0. METERS,
PETTHINAL TO ANTEMNA GAIN FAGTON, ¢, -
SOLLIGTING ARTA DFECTLY PROPGITIONAL R [ "€ GETARGIT FACEY GHIENTATIONS AND TARGET MATERIAL OR FAZSKEL REFLECYRN .
. o ANTEM SFEISENDY < COTFFICIENT, F, (ANGLE DEPENDENT) '
\ BEr TR CRNYIICAL APEATURE ARTE . . ¢ o¢ GEOMETRY OF SURYACE FACETS WIIGH CONTAIBUTE WITH DIFFERENT ELECTRICAL
FHASE DELAYS TO NESULYANT BEFLECTED FIELD, om, |ANGLE DEPENSEHT |
N GGt o Or, 50, WETERS £8RET] - . :
* 2 p5p2(CING. DIAMETER, D MEYERS} ¢ » gm PA S0 METERS || YARGET $1ZE, MATEKIAL  ANGLE DEPENDENT),

£, DESIHED Sléﬂnl. CONTENT HAS UNDESIRED {INFORMATION DESYROVING)
NOISE CONTENT SUPERIMPOSED.

f, GEDUCED VALUE OF PARAMETER TO BE MEASURED WILL

BE 1N ERAOR (STANDARD DEVIATION,
. . OR ERAOR BAR) AS AN INVERSE FUNCTION OF RATIO OF DESIRED SIGNAL POWER /UNDESIRER
EXTERMAL NOISE POWER » 1 30 % 2% X 7, (OLWATTSR/CFS HOISE POWER , {5/} .
= T MTRINE TANPERATUAELSEE TEXT ) ) X
g . - BEDUCED bhraut TER VALME .
x . - = F (MEASURED VALUE )
‘5 " V:\\,:m;cun BYANTEMNA - . g

T et oo FOR SINGLE PULSE OB SIMGLE PULSE-LIE
CTRTIATAZ E130 X0P T+ T,08]  SAMPLE OF A CORTIRUDUS watg

ISEE EwANS & Hlﬂ?ﬂﬂs, pa, 9ry
q> nancs e
B Pl R,
a— R sonn, rovea

.

HORCGHIRTHT TADARS WIkY, IMPROVE THE S/% BAYIDS BY ADDIND THE 5’5’1\';21
. {ENVELDAES) OF IMPVLSES WITd NOISE BY A 4ACTOR » ST OR (570,
INTERHAL NOITE POWER & L34 X10°% % 1, ('K), vaTTa/CP)

UM e ruas
T, ® BECTIVER hOIZE TEMPIRAYUAY (4TE TENTY

COMERERT RADANS WILL IHPROVE TMEIR (3/MF RAYI03 DY ADDWG TNE PHASED AMYLITMRES
FOYAL, LOMMLTIRG HOIRE POWELR H e 1,38 X ey % TR B, WATTE - LVOLYAGE § OF M PULSES WITH BOISE UY & FATUR + N OR 1s/m“s ALY
WHERE 3 s REC'R BANOWIDY W, CPY

SHELE pullE

FIGURE &, FLOW DEVEL . T RADAR EQUATION,

. FOLDOYT
© FOLDOUT FRAVE \ 45 bour FRAMEJZ—



4. INCIPENT-FLUIX WITHOUT ANTENMS DIRECTIVITY

b, ANTENNA CONFINES RADIATION AND INCREASES FLUX BY GAIN FACTOR, G
RMS POWER IN PHLSE F, WATTS

POWER BENSITY i
AMPL!FIEH PG
MapULATOR At
[ nscll.LA'ronl I —I—b WATTS /80 METER _m_- ta EFFECTIVE POWER DENSITY 3 WATTS/SQ.METER
41151! 4R
) ¥ —_— T

H

PHASE FEFEREWCE. TIMING REFERENCE. :::‘I’AT'“DR IoNAL [ o
- BIRECTING WAVEFRONT L WAVELENGTH, A METERS]
RAADIATION AFERTURE
LANTENNA]
WAVEERONT AT
prruiid o urTERs APERTURE AREA IRECTANGULAR Do D, m?
' arcuLAR I8P, o
)

| v

WACEFRONT WITH EFFECTIVE €. INCIDENT FLUX STRIXES AN ELECTRICAL DISCONTINUITY (TARGET AREA/VOLUME) IN PERMEABILITY
dgﬁg}#ﬁq ;g;ig?x“;ﬁ“:gg:s_"EF'-ECTE“ EFRO {p+) REAL DIELECTRIC CONSTANT (¢} OR CONDUGTIVITY {3) AND SCATTERS.

AIN, G 2 & N PHYSICAL APERTURE AREA (N Ed 4%
G " ANTENNA !F?ICIENCH

1
PHASE/TIMING REFERENCE ) CARTEISIAL CONVENTION
M- INCISENT PUWER DENNITY FAGM TARGET REFLECTED T e Ly AN ISOTRIPIC SCATTERER !
RETURN AT DISTANCE R WAVEFRONT . EFRONT
m - - o, 2 AN TRTALLY REFLESTS INCIDENT POWER OVER:
F! [ 1. AT STERADIANS . d.
WIRE TR m e i
TRATRY TOYAL POWER INTERCEPTED ; . X O, WATTS
i
1
i
SIGHAL POWER COLLECTED BY ANTEWNA AND DELIVERED TOUMATCHED) RECEIVER @ EQUIVALENT REFLECTED FLUX AT MSTANCE Ry METERS FROM TARGET:
r NG M hG
~ESESR wATTS '
b tamm? :mru%) frowe Xo X ;r‘r—ng WATTS /50. METER
1 2z
’ " ROPORTIGHAL T ANTENHA QAN PACTOR, G a O ACTUAL PHYSICAL AREA FROJECTED TO OBSERVER, A 0. KETERS.
CTING AREA DIRECTLY 3
FOLLE ' o 05 TARGET FACET ORIENTATIGONS AND TARGET WMATERIAL ,OR FHESHEL REFLECTIIN
COEFFICIENT, £, LANGLE DESENDENT)
aar ok o « ANTENNA EFFICIENCY

X PHY3JICAL APERTURE AREAR o O GEOMETRY OF SURFACE FACETS wiriCk CONTRIBDTE WITH DIFFERENT ELECTRICAL
PHASE DELAYS TO RESULTANT REFLECTED FIELD, ¢m, [ANGLE DEPENDENT }
A .64 Dabr,30. METEAS (RECT.)

U p.5p2UERE, DIAMETER, D METERS)

V

€. DESIRED SIGNAL CONTENT HAS UNDESIRED {INFORMATION DESTROYING] :
NOISE CONTENT SUPERIMPOSED.

. DEDUCED VALUE GF PARAMETER TO BE MEASURED w!LL BE IN'ERROR{STANDARD DEViATIOM,
OR ERRGR BAR}AS AN INVERSE FUNCTION OF RATIO OF DESIRED SIGNAL POWER /UNDESIRED
EXTERNAL NGISE POWER = 138 X K523 X Tg (oK), WATTS/CFS

NOISE POWER , (S/N)
Ta» AMTENNA TEMPERATURE(SEE TEXT)

f

. _m_ DEDUCED PARAMETER YALUE .

\ = F(MEASURED VALUE) !
COLLECTED BY AKTENNA (SEE EVANS 8 HAGFORS, PG.57)

1
VARIANLE o —
PGaAy

wmfl(qnng) [13ax

& o= gqm Fa 5o, ¥ETERS 1 (TARGET SIZE, MATERIAL , ANGLE DEP{NDE‘NT),

FOR SINGLE PULSE R SINGLE PULSE-LIKE
B+ 18]  SAMPLE OF A CONTINUGUS WAWE

‘
HONEOHERENY RADARS WILL IMPRGVE THEIR §/N RATIQE BY ADDING THE POWERS

(ENVELOPES} OF IMFULSES WITH NOISE Br A FACTGR s {M OR ('B/N)M =N (S/M)gyare PuLsE
INTERNAL WOISE POWER = 138 % 107% X 7, (%K), WATTS/<PS

T, = RECEIVER NOISE TEMPERATURE (SEE TEXT)

COHERENT RADARS WILL IMPROVE THEIR {S/N} RATIOS BY AGDING THE PHASED AMPLITUDES
TOTAL COMPETING NQISE POWER,N 2 138 X 1625 (', +T,1x B, WATTS

(VOLTAGE } OF M PULSES WITH NOISE BY A FACTOR x M DR ISIN?"= L] (SImSFNGLE PULSE
WHERE B : REC'R BAKDWIDTH, CPS

FIGURE &, FLOW DEVELOPMENT OF RADAR EQUATION.

FOLDOUT FRANME . FOLDOUT Frapm”


http:PULSE.PF

~L00°K .sky - temperature for Earth-based, and 3). are limited by
weight,. power, volume, and cooling, they overcome the . great
problem of distance (1/R° in the radar equation). Spacecraft
radar can also employ time delay, doppler and angular measure-
ments, while Earth-based is limited to just the first two.

Several spacecraft radar modes were studied (see
Figure 7). 1In the radar mapping of a planet's surface, using
a bistatic arrangement with an Earth-based and a spacecraft .
terminal, the Earth-based transmitter and the spacecraft receiwver
(Mode 1) is favored.over the opposite arrangement of a space-
craft transmitter and Earth-based receiver (Mode 2). An Earth-
based transmitter is capable of megawatts of peak power compared
to the spacecraft's kilowatts, with distance being constant.

The Earth-based radar .in this mode is also able by itself to
simul taneously study the gross characteristics of the planet.
The atmospheric and ionospheric transmission of the Eartﬁ!s
atmosphere together with the range factor gives a considerable
advantage to a spacecraft monostatic radar system (Mode.3) over
the Mode 1 bistatic arrangement except for Jupiter study with

a small antemma (10 ft.). For measurements of the planet's
atmosphere and ionosphere, using transmissions between ‘terminals
through the medium, the use of two spacecraft, one transmitting
and one receiving, proved superior to an Earth-based terminal
spacecraft configuration (except for operations at Jupiter and
Saturn using a small antemna). Two way, inter-spacecraft,
transmission proved undesirable.

This study should provide the impetus for an increased
technical development aimed at providing light weight antenna
aperatures (0.025 kg/m2 densities), 50% efficient solid state
power amplifiers in the 1-100 cm. wavelength range, integrated
circult receivers with low noise temperature requiring. no
active cooling, and lightweight (5 kg) low wattage (20 watt)
recorders capable of 10~ bps for up to 60 minutes.
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A non-coherent, sidelooking, monostatic radar orbiting
at an altitude of 1000 km or less above a terrestrial planet
was found to weigh about 50 kg including antemna (a recorder
weighs an additional 25 kg). Data rates of approximately 105 bps
were found to pose no problem.

Study of the Jovian planets by Earth-based radar has
proven nearly impossible because of the great distances and
low cross sections involved. This study points out that it
appears to be almost as great a problem for spacecraft to study
these planets because of the large system weights and antenna
sizes required. Weights of 800 kg, antenna dimensions of 100
meters, and several hundred watts of input power (~100 kilowatt
peakpowetr) exceed the limits of practicality. It is perhaps
better than a simple altimeter or line sampling radar be used
at the Jovian planets rather than complicated, though informative,
wide swath, bistatic, or coherent monostatic radars.
2.6 Venus Explorer Radar (H. Goldman, D. Roberts)

The objective of this two-month study is to examine

the feasibility and characteristics of a radar experiment on a
Venus Planetary Explorer orbiter. The study results will be
presented at the NAS Summer Study of Venus Explorer spacecraft
experiments. Two small radar systems are being considered for
surface mapping from the spin-stabilized explorer, 1) a pulse-
width limited monostatic system and 2) a small coherent bistatic
receiver. Schematic diagrams of these two systems are
illustrated in Figure 7.

The monostatic pulse-width limited system is expected
to yield 10-km resolution over the entire mnorthern Venus
hemisphere. Complete coverage takes about 240 days with
elliptical orbits. A very much smaller bistatic receiver would
require an earth-based transmitter, such as the 210-foot dish
at Goldstone. The omni-directional antenna would collect
specularly-reflected returns from determinable locatioms.
Resolution is expected to be in the range 100-200 km, depending
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upon the rms surface slopes encountered. Coverage potential
is also on the order of one hemisphere (50%).

A summary of this work will be submitted to Goddard
Space Flight Center during May to be included in a document of
Planetary Explorer capabilities for Venus exploration which is
being prepared by NASA for the SSB/NAS Venus summer study,
June 8, 1970. A broader review of radar systems for Venus
exploration will also be submitted, under an IITRI cover, to
the conference., It will discuss the potential of all Venus
spacecraft radar system to provide a background against which
the proposed Explorer designs can be compared.
2.7 Advanced Mission Planning

lLaunch Vehicle Selection, for- Quter Planet Missions
(J. Niehoff)
This short-study task was completed during the first

quarter of the current contract year. Initially its purpose
was to provide quantitative justification for the seven-segment
version of the Titan III/Centaur launch vehicle. However, a
fair analysis requires comparing the capabilities of a number
of launch vehicle-upper stage combinations. The final list
of launch vehicle configurations selected for consideration
included:
1) Titan IIID/Centaur/Burner II
2) Titan IIIF/Centaur
3) Titan IIIF/Centaur/Burner II
4) Titan IIID/Centaur/Solar Electric
5) Titan I1IIF/Centaur/Solar Electric
6) Titan IIIF/Centaur I/Kick
7) SIC/SIVB/Centaur
8) Titan IIIF/Centaur/Nuclear Electric’
9) SIC/SIVB/Centaur/Solar Electric
10) SIC/SIVB/Nuclear Electric
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A-comprehensive analysis of launch vehicle requirements
also depends on & list of mission representative of an outer
planets exploration program. For this, the 1969 PEPP plan for
outer- planet missions was extended to 1990 on the basis of one
mission per year. The resulting mission plan is presented in
Table 21. The 12 outer planet missions shown are scheduled so
that collected data is in hand at least two years prior to the
launch of a succeeding mission to the same planet, i.e. this
is a sequential mission-type plan. A

A number of constraints and assumptions were made t«
generate a comnsistant set of propulsion requirements for the
12 outer planet missions. The base spacecraft weight was set
at 1500 1bs. This excludes retro propulsion for; planetary
orbiters. When atmosphere probes were used they were assumed
to have a total weight of 500 lbs. and were added in pairs,

i.e. 1000 1lbs. Conditions over a 10-day window were considere

in determining launch energy requirements. For planetary capture
a space-storable propulsion system with an Isp of 385 sec was
assumed., The orbit period was constrained to 15 days at all
planets, while.the periapse radii were selected as follows:

Jupiter - 3 planet radii
Saturn - 3 planet radii
‘Uranus - 2 planet radii
Neﬁtune - 2 planef radii

Mission accomplishment, in terms of flight time, with
each launch vehicle combination listed above were compared for
each of the twelve missions. The comparisons can be summarized
by answering the following two questions:

a) How effective would the seven-segment Titan be

in reducing flight time and adding new missions
to an outer planets program?

b) What additional increase in launch wvehicle

capablllty is required to ¢omplete all missions
given in the extended plan in Table 217
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EXTENDED OUTER PLANETS MISSION PLAN

Table 22

No.

77

78

79

80

81

82

83

84
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87

88

89)

Swingby Missiors

Jupiter-Saturn-Pluto

Jupiter (Pb)Z-Saturn
Jupiter-Uranus-Neptune

Saturn (Pb)-Uranus (Pb)-Neptune

o =~

o)

0(s)

o(3)

o)

0(S)

0(U)

o(P)

0(s)

[0 ()

0(v)

rAY

0

rbiter Missions
Jupiter

Saturn

Jupiter (Pb)
Uranus

Neptune

Saturn (Pb)

1 Jupiter (Pb)

o~ o P

10
11

12

Lander Missions

Jupiter Satellite

Rendezvous Missions

Comet Halley?

1. Symbol key: X - Launch, O - Planet Arrival
. (Pb) indicates atmospheric probes are included

2

3.

electric proonulsion.

Comet Halley rendezvous mission included as a time-line for introduction of nuclear-




‘The answers to these questions are provided by Table 23. The
left column lists the ﬁarticular launch vehicles selected for
this -summary. .The next four columns list, respectively, 1) the
mission (by number) which the vehicié'is capable of performing,
2) the total number of missions performed; 3) the ‘total flight
time involved and 4) the average flight time per mission. The
last three columns contain numbers which are to be used in the
comparison statement at the bottom of the Table.

Considering the first question a) of the comparisom,
it can be seen that the seven-segment (IIIF) Titanh increases the
number of missions ﬁerform@d from & to 7. It is also capable of
decreasing the-total required flight time of.the.five—segmgnt
-(3D) Titan mission by 20 percent. _ 2 _

With regards to question b) of the comparisom, it is
obvious that something more than the Titan IIIF/Contaur/Burner II
is needed to cbmplete the program of selécted missions. The
last three vehicles given in Table 2 are presented as possibili-
ties. A solar-electric stage addition to the Titan IIIF Centaur
performs all 12 missions (satellite Callisto only for mission
No. 9), with a 16 percent flight time decrease over the
Titan IIIF/Centaur/Burner II missions. Similar comparisons
are apparent in the table for the addition of a hydrogen-
fluorine Kick stage, or advancing to the intermediate SIC/STVB/
Centaur launch vehicle. Note that the Kick stage addition
cannot perform any of the Galilean satellitexlandér missions
and the Saturn vehicle can also only perform and lander mission
to Callisto.

A number of conclusions were drawn from these results.
The seven-segment solids would be a worth while launch wvehicle
investment for outer planet exploration. There seems to be
little or no flight time advantage from the Burner II étage on
"the seven;segment Titan. Something more than the Titan IIIE Centaur
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Table 23

SUMMARY COMPARISONS

. OF

CANDIDATE OUTER PLANET, MISSIONS TAUNCH VEHICLES

Total"

7

Launch Vehicle Possible Total Average s Comparison®
Sana: Missionsg Missions| Time | Mission i -
A {(Nos.) (Years) | Time (Yrs. )- B C D

TITAN ITID-CENT-BII 1,2,3,4 & . 23.1. 5,78 -1 - : -
ITITAN TIIF-CENT-BIT 1-4,6,7,12 7 29.8 | 4.26 20 | 4 | TITAN IIID-CENT-BI]
TITAN IIIF-CENT-SEP 1-12 12 61,5 5.13 “16 | 7] TITAN IIIF-CENT-BI
TITAN TTIF-CENT I-KICK| i-8,10-12 11 58.5 | - 5.32 - {18 | 7| TITAN TIIF-CENT-BI
$1C-STVR-CENTAUR 1-12 12 £ 34,7 4,56 23 TITAN IIIF-CENT-BI

To make comparisonsbetween vehicles imsert

genltence:

values from ColumnsA, B, C and D 1nto-the‘fallowing

"The (Column &) will provide a (Column B) % improvement in the total fllght time of the

(Column C) missions which can be performed—by the (Column D) launch vehicle."



will be needed to carry outer planet exploration into the -
1980's. The solar-electric and high-energy Kick stages are
roughly equivalent, although there is an inclination to favor
solar-electric propulsioﬁ because it can do the Callisto lander
mission and may be more versatile for other applicatioms, e.g.
Mercury orbiters, comet rendezvoﬁs miséions, high-dafa orbiters,
etc. Using an intermediate Saturn-class vehicle does not seem
like a good solution to shorter flight times .(for 1500 1bs.
orbiters) since the orbit retro stages become enormous, from
5 to 10 times the weight of the orbiting spacecraft. A better
answer' to short flight times, particularily for Uranus and
Neptune orbiters would be the introduction of the nuclear-
electric’ low-thrust stage. It als¢ would be defirable for the
Galilean satellite lander mission.

Only launch vehicle comparisons have been made here.
The effects of different retro stages, different orbits. and
different spacecraft weights also need to be con81dered These
will receive attention in continuing advanced planning studies
during the year. '
3. OVERALL PERFORMANCE

Progress on each of the planned studies as of April 3

1970 is summarized in Table 24, As mentioned earlier additiona
work is being performed on the Comet Rendezvous Opportunities
as a result of suggestions made at the Comet Conference in |
April. This has delayed initiation of the Comet Rendezvous
Mission and Atmos. Entry at Uranus/Neptune Studies. Both of
these efforts will get underway in June. Advanced planning
short-studies have also delayed writing of the Jupiter Orbiter
Mission Study Report. The remaining tasks are on schedule.

The total effort on NASW-2023 is currently somewhat
greater (53%) than scheduled (44%). However, vacation time
has been light so far and is expected to equalize these values
during the summer months. Because of the late start on the
Comet Rendezvous Mission Study it Wlll probably not be completed
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TABLE 24

v6i05 PROGRESS REPORT FOR APRIL 1970

EFFORT (MAN MONTHS)

STATUS (% COMPLETION)

STUDY TASK THIS TO SCHEDULED] TOTAL CURRENT |scHEDULED | ESTIMATED
MONTH DATE TO DATE |ALLOCATED " |NEXT MONTH
COMET RENDEZVOUS OPPORTUNITIES 1. 4 7.9 6 6 95 % 100 100
COMET RENDEZVOUS MISSION STUDY - - 1 12 - 8 0
JUPITEI’? ORBITER MISSION STUDY .9 ' 7‘.7 : 7 7 gg* 100 100
MERCURY ORBITER MISSION STUDY 2.2 ‘7.9 6 16 49 37 60
ORBITER PLANET SATELLITE MISSIONS 1.0 5.6 5.5 9 62 6! 75
ATMOS. ENTRY AT URANUS/NEPTUNE - - - 7 - - 0
SATURN'S RINGS MODEL .2 .2 - 3 7 0 25
SPACEC.RAFT RADAR .5 3.8 2 2 95 ¥ 100 100
VENUS. EXPLORER RADAR l-O. | 4 1.5 2 70 75 95
STELLAR MISSIONS - - - 4 - - -
ADVAnéED MISSION PLANNING 1.6 7.5 6 12 63 50, 70
TOTALS 8.8 42.0 35 80 53 44,. 62

*¥aASED ON AN EVALUATION OF TASK RESULTS



during this contract year, No other problems are foreseen
at the present time in meeting the schedules shown in Table 1.
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