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Abstract

This paper examines the feasibility of using
a modified viking Spacrcraft to carry cut ewto-
mated lunapr exploration missions during the 1976~
1980 time period. Results indicate that sclence
payloads on the order of 454 kg (1000 Earth pounds)
can be ianded nt any point on the lunar eurfuce by
substituting & Burner II stage for the aerodeceler-
ator and making a few modifications at the sub-
systems lovel to the present Mars Viking {orblter-
lander) spacscralft. Other lunar mission concepts
such ns & rover and sample return have been inte-
grated into the Viking design envelope and Are
presented. A lunar Vixing lander using a grovth
tondem burner instesd of the Viking orbiter 18
&lso discussed.

Introducticn

The Spece Sclence Board, > at its 1970 sumer
meeting ln Woods Wole, Massachusetts, reccmmended
thet Tully eutomated lenders end rovers showld
provide the basic approsch to follew-on Agolle
lunar explorations, and remote-contrel and return
capabilities need %o be developed, In the present
budgetary climate, & new and costly lunar explora-
tion program Bppesars unlikely. However, an
automated lunar exploration program that cait
effectively use the hardware and other technical
rescurces of an ongoing XASA Space program cowld
be very attractive from the stendpoint of cost,
relinbility, and programmatic considerations.

At the present time, the Mars Viking spaces
craft system is the only BASA sutomated lander
space system being designed and butlt which, 1€
modificd, comld Fill a program gap in the RARA
lupar exploration progrem in the late 1970's.
Modifying a protetype spacecralt system, such as
Viking, to perform multipurpose space migsjons
(i.e., lunar ‘'and Martien missions) could be fess~
ible snd cosl effective or eould result in pro-
nibitively large system mo¢ifications and COmPY G=
nises in system efficiency, depending on the degree
of commonality thub exksts pevtaern the proposed
lunar missions and the present Viking Mars misslon.

This paper presents the results of a reasi-
bility study of using s modified Viking spacecraft
{orbiter and lander) to carry ocut eutomated lunar
exploration missions during the 1976-1980 time
pericd. Analyses were conducted in areas of mis-
sion design, commankcstions, guidance end contrel,
propulsion, thermal control, power, and structures.

Colorado

This study can conveniently be divided into two
parts: (1) a deseription of a baseline luner
Yiking mission which exsmined the Viking space-
oraft vychems and subsysteme in conplduralle depth,
and {2) a conceptual ook ay the lunar Viking
spacecraft's ability to perform several different
types of lurar missions (i.e., rover, surface
pample peturn, ebe.). It shiuld be noted that
these studics focused primarily on the Viking
lander system where it was thought most of the
modifications would be required, and, to a lesser
degree, on the ¥Wiking orbiter system.

Goals and Cpjectives of the Stuldy

In genersl, the cbjectives cf the study were
to provide information concerning the fessibility
of using a modified Viking spacecralt as an
sconomical sutomated lunas exploration vehicle.
Specifie study oblectives ware:

f1} Develop a lunar mission profile and
determine whether those reguirements can be zet
withip the present Viking launch vehicle/'spececralt
performance capabilities,

{2) Identify changes in the spacecralt sub-
systems that sust be acconplished to adept & Viking
Mars '75 spececraft to s lunar migsfon with minl-
wun modifications.

Study Ground Rules and Constraints

In developing & baseline lurar Viking mission,
the following greund rulez and congtraints vere
defined:

1. Titan 1ITD/Centaur launch vehicle

2. Viking orblicr/lander spacecraft concept

3. Minfougn modificaticns to the Vixing
spacecraft

4. Maximize the lander payload within the
constraints of {3)

5. Mission lifetime to be 1 year duration

Lunar Vi¥ing Basellne Mission Description

Ysirng the above study ground rules, a lunar
basetine mission (Table 1) was develcped. It was
ascumed that the Viking spececraft would be placed
in & polar, 1000-Xm ctrcular lunar orblt. The
selection of a polar orbit permits lendings at amy
1atitude or longitude by proper selection of wait
time in orbit and sllows the lunar orbiter to
perform landing site reconnaissance. A far-side

*rhe work described in this paper was performed by Martin-Marletta {orp., under HASBA contract
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larding site was selected because of its potential
selentific value and because 1t provides the most
zevere cperational environment.

The sequence of eveniz during the descent and
landing of the lunar Viking lander is iilustrated
in Migure 1. After separation of the orbiter and
larder, the lander fires a solid rocket motor
(T2 764-4), espectally instelled to remove suffi-
cient velocdty so that the Mars Viking terminal
propulsion system can perform & soft lunar landing.
his motor performs the same function as the aero-
decelerator systes for Mars missions.

The AV requirements for esch maneuver of
22 lander and the orblier are glven in

The total fuel budget reguired for the
ing orbiter 1s 1330 Yg which 15 about the
¢ as for the Yars Viking crbiter. This result
rermits the Yiking orblter propulsien system to
rotaln gnchanged for Lthe two missions. For the .
lander, the solid vocket provides a AV of 1710 mfs
“urlng the maln descent, and the terminal propul-
stem rupplies the remaining &V of 173 m/s
s required.

Of further imnoprfance Sor the Tar-side landing
mlzzion iz the accurzcy of the landing footorint,
An 1llustratior of the landing dispersion i1: shown
in Flgure 2. The primary coniribution to the down-
range errors are the Zo errors during the solid
recket motor burn and the laek of tracking data
throuzhoul the propulsive decrbit (SEM) and termi-
nzl descent maneuverr.  Although these landing
dispersions (27 X2 by & Wm) are acceptable for
most far-side landing sites, it is expected that
these disperzions will become mmaller as the
S (TR 364-4) Lo further developed.

The Iuner far-side landing also resuires a
relay commanication limk beiween the lander and
the crbliter. The proper combiration of erbital
altltude and landing site latitude and longitude
ean be selected to chbratn the wmeximum lender/
orbiter wicwing time. The resmults of an analysis
of thls orblt design problez are shown in Figure 3.

% ¢an be cencluded Irom this figure thet in order
to maximize the total real-time data for polar
orbital relay missions, landing site latitudes
ebare 759 and hiph-zltitude orbits (between 1000
and 3000 k) should be selected. The data transe
wiczion rate versus erbital altitude for the lusar
Viking welesy iink is shown in Figure b, The
gotted lines on thie figare idertify the present
lunzr ¥iking communication System design, Al an
exarpie for an orbital altitude of 1000 ¥m and
& power level of 30 w on a HF trammmitter, a data
rete of 85,000 Yps is available. Since 85,000 bps
is not a sufficlent date rate for high resolution
inforpation, % is suggested that larger antenna
gains or higher power levels (50 watt range) or
both, be incorporated into thae lunar Viking coo-
ounlication subsysters for fer-side lunar missions.
It should bte emphasized that these suggested com-
murication rodifications are for far-side luner
missions, and that the Viking lander S-band sub-
system 1s completely adequate Tor real-time com-
wunications for lurar front-side missions.

An S-band folay 1ink via a quasleslationary
relay fatellite, near the luner libration point
L2, was also considered for e far-side cocrmnicas

tion relay link. Thils HALO satellite? would he in

a 3500-Xm orbit adbout the l.e Livration point and

would have communication distances of 65,000 k=
frem the lunar aurface. Using a 12-foot antenna,
the HALO satellite could have a 10S-bps data rate.
Considering the lancer power subsystem operating
time constraint of 176 minutes por 2k houy pericd,
the total data volume would be 10,36 x 107 bits
per 24 hours.

Lanay Viking Spacecraft Design

Some modifications to the Viking spacecraft
system ave required to perform a lunar mission.
Sinee Mars has an atmosphere and the Moon does not,
most modifications to the Viking spacecraft system
are In the descent propulsion system. The aero-
shell and parachute of the Mars Yiking lander are
replaced by a solid rocket motor in the lunar Viking
lander and the Mars bYioshield iz removed, since
there are no sterilization requirements for lunar
nissions. A sketch of the lunar Viking lander with
the solid rocket motor attached is presented in
Figuve 5. The shaded areas show the solid rocket
wotor and the reaction comtrol nozzies., A propel-
lant tank 1s also shaded here which represents the
use of one of the Mars RCS tanks as & lunar termi-
nel propulsion tamk. The total number of tanks
and their size are the same fn the Mars Viking mnd
lunar Viking spacecraft design.

Differences in surface temperatures, dlstance
Trem the Sun, and the day.-night cyele between Mars
and the Moon necessitaie modificutions Lo the
1ander thermal ¢ontrol system and the orbliter's
pover and thermal control systems. The modifica-
tiens to both the orbiter and linder to adapt to
thiz lunar enviromment appear to be miner and well
within present stnte of the art, The Viking lander
will use a passive radiator and multilayer insula-
tion to solve the lunar thermal ervironment. A
sketeh of these modifications is shown in Figure 6.

The effect of all modifications L1s reflected
in the mass of the systems. The resultant msss
stetement for the lunar Viking lander fnd orblter
is presented in Teble 3. Tt {3 interesting to note
that the lunar Viking orbiter is within 23 kg of
the Mars Viking orblter, while the mass of the
lunar Viking lander is approximately 1270 kg more
than the ¥ars Viking lander. The mass difference
is reflected in the mass of the solid rocket motor
and the increased peyload capability of the lunar
Viking lander. 1he new payload capablility is
epproximately 454 kg and can be used for additionel
sclence and support equipment. A lending stability
enalysis of this configuration was performed
assuzing the Iunar Viking landing weight was
1135 g, and that the 45% kg paylosd had & center-
of-gravity location 25 centimeters above the
lander equipment wounting deck. Results of this
enalysls Indicate positive stabllity for lander
hody attitudes of 24° for 30 errors In landing
velocitles (vertical and horizentall.

Tunar Viking Baseline Mission Swummary

Modifications required of Mars Viking soace-
eraf’t to perform & lunar Viking baseline mission
can be swumearized In the followlng remarks:

(1} The lunar Viking lander, including its
necessary subsystems {1.a., commmication, guldance

and control, power, etc.) can land, in a plggyback
farhicn, & payload of approximately 454 kg {1000
Earth pounds).

{2} Surprleingly few modifications are
required to adapt the Mars Viking spacecraflt to
lunar missions., A summary of these modifications
15 presented in Table 4. 7The mxin moedifications
to the Viking lander are in the propulsion and
thermal control system, while the main modifica-
tions to the Viking orbiter are in the power and
structural systems. Tt should be noted that all
these wodifications are weil within the present
state of the art.

Other Lunar Viking Mission Concepts

In addition to the baseline misslon, several
other lunar Viking missions concepts have been
stugfed. ‘These ctudies were not hela as rigidly
to the minimun modification philosophy, nor have
they been studled to the depth of detail of the
lunar Viking baseline mission.

Lunar Viking Rover Concept

A lunar rover concept was developed that can
be carried piggyback by the baseline lunar ¥iking
lander spacceraft. The purpese of this conceptusl
design was to develop lunar rover systems and
nrissions deseriptions in sufficient detail to
nermit & realistic evaluation of the rover's
science potential., Study galdelines emphasized
state-of-the-art coaponents and minimum impact
with Lhe lander's design and funetion. A sketeh

f the lunar Viking rover is shown in Flgare T.
This four-wheel rover measures #13 cm in length
and 152 cm in width and is powered by one RIG
{140 watt} unlt (plus batterles). This rover
design uses 0.6 scale GM LRV wheels {(developed for
the Apollo lunar rover vehicle} that have a contact
pressure equal to 4137 ]‘-,me_ The ground clearance
is approximately 30 cm. Four-wheel rover designs
have been studied extensively in the Apollo-LRY
program and are particularly desirable frow a
packaging managemept point of view., Six- and
eight-wheeled rover designs appear to have more
mobility than four-wheel rovers, bowever,

The lour-wheel configuration could be lecated
on the Mars Viking lander with only minor medifi-
cations. The total mass of the rover is 372-386 kg.
A breskdewn of this wass into support elemenis is
given In Table 5 for both a UHF and S-band config-
uration, It should alsc be noted that 14 kg is
available for sclence payload. Sixteen sclence
instrymenta, with associated volume and power
requirements, are listed in Table & that could be
accomeodated with such a payload capability. These
16 instrumenta were primarily selected from a
larger unpublished list of candidate lumar experi-
nents develeped by the Illinois Institute Tech-
nology Researech Institute (ITTRI).

Lunay Surface Sample Return Concept

A lunsr surface sample return (SSR) design
concept was developed using the design guidelines
ehown in Figure 8. The design guidelines having
the lorgest Influence, in slse and mapy, on the
design of the lunar SSR module were (1) minimum
impact on the Viking lsnder, therefore maximum
1anded payload capability of LS54 kg, and {#} lunar

sample size to be & to 13 kg. The SSR kodule,
ghown in Figure 9, is delivered to the lunar sur-
face, in piggyback fashion, by the lunar Viking
spacecraft developed in the baseline mission, The
55R module uses a llquid, restartsble, prepulsion
systex and attitude/velocity control system. An
Apolleo-shaped entry capsule was =szumed for the
Earth retudrn phsse of the mission since the Earth
entry velocities would be the game as those In the
hpollo misslons.

The baseline return mission frem the Moon
invoives two maljor bowered maneuvers, launch to
lunar orbit, and trans-Earth injecticm. A buser
ling A4V budget tor this mission is prerented
in Table 7. In order zo accommodate
sample returns from ary point on the 1
face, a mission proTile whieh used & lurar narking
orbit prior b trans-Farth Injectis clectedl.
Direct entry al Zarth wan selects! ¢ r the
velozities' Dudgets for Tarth cavture crbits runge
from 2000 to 3200 meters,sec. 5 mass Lre 3
the lurar surface surple return medule !s presented
in Table 8. The tolal mass of the module, 275 kg,
15 well within the 454-kg payicad c Iy of
tre hinar ¥ixing bageline missio 255 broake-
down ¢f the propulsion module wi wesunes use of
the Viking orbiter ¢ngine is shu Tatle 3.

Thls engine was selected because of its present
development status &nd because iis thrust level
and restert capabiliiy sdecuately i the nissish
profile.

fince the totsl mass of the 53R colule is

about 375-386 kg, bpproximately %G kg are avail-
able for sample acquisition. Figuwe 10 illustrates
several comcepts for loading ssmyles inte the
return module.  The fipst congept uses an urmeii
fied Viking soil acguisition boom to losni th
sample. The second concept requires & wod
tion to the Viking soll acquisition boom displace-
ments. The third eoncept involves using & soll
acguisition boem on & roving wchicle.

Lunar Viking/Growth Tander Burner Concept

The purpose of this phase of the study was
to develop 3 lunmar Viking spacecraft concept that
can perfort sivpler and less expensive unranned
exploration missions to the Mcon than the baseline
Ianar Yiking spacecratt {orbiter plus lander).
Alzo, several lunar Vixing missions conceprs would
not necessarlly require the supnart of &L orbiter.
These missions inelude front-side landlngs and
multiple far-side missions in which one crbiter
cculd provide the relay comunications for several
landers.

The growth tandem burner venicle, using the
Viking lander to berform certain spacecraft
intelligence functions (GOSC, ACS, etc.) was,
therefore, substituted for the Viking orbiter in
this conceptusl lungy missicn design. A drawing
of this econcept 1s shown in Figure 1. The growth
tandem burnar congliszts of tws s911d rockst motors
(TEM 364-%), pupport structure, atiitude reference,
and RCS systems. The growth tardem burner is in
an early design status, but the tandem burmer con-
cept using smaller solid rocket moters has heen
Tlight tested and proven, For this appllcatlcon,
the lunar Yiking lander would supply the sover,
ecmtunications, and a Sun-Canowus reference system
during the tranclunar eruise phage of light.
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A mazs profile apnd AV budget 1s chown In
Table 1C. For this luner miszsion mode, the trans-
lunar injectlon mass (~3:13 xg) barely exceeds
the uprer limits of the TIIIC transings eapnbilia
ties. The Iirst stage of the growth tardem burner
perfornz the lasar orbit Iinsertion maneuver. The
recond stege of the growth tandem burner performa
the lunar deorbit mancuver which i{s the same mis-
sion mode 25 In the Junar Viking baseline mission

This design concept delivers the lunar Viking
tageline spaceeratt (4554 %z payload) to any point
on the lunar surface.  Also, Lhere ave very lapge
cost savings to using the luner Yiking/growth
tandem burner coneept, since the cost of the growth
tandes burner 1s a small Tractlon of the Yiking
wrbliter wpacwaralt.

Coneluding Remarks

The use of the Viking spacecraft for carrying
out sutomated lunar explorstion missionsg in 197
1080 time perfod has been studled. Studles have

indicated that & large degree of commonallty exlats
between lunar and Martlan missfions.

Speciflieally, resulta of the studles show that:

{1) Poyloads on the order of 454 kg ean be
landed at any point on the lunar surface.

{2) "he use of a growth tandem burner in
place of the Mars ¥iking orblter lcoks very
attractive frem & program cost standpoint.

(3) Lunsr rover and lunar surtece sample
return miszions ¢an be Integrated into the bhaseline
lunar Vixing lander wilth min‘rum modificationa.

renges
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