CONTRACT
NAS9-8343

VOLUME |

FINAL REPORT
PR 34-113

OCTOBER 1968 |




PG S

o
N
N

AV ADS A

- PR 34-113

, C&SM :
LUNAR ORBITAL SCIENCE STUDY

FINAL REPORT
October 1968

Volume I

Contract NASQ—8343

o Prepared for
National Aeronautics ‘and Space Administration
Manned Spacecraf: Center
' Houston, Texas

~ Prepared by:

Martin Marietta Corporation
P.0. Box 179
Denver, Colorado 80201

MARTIN MARIETTA CORPORATION
’ DENVER DIVISION



PR 34-113
i1

FOREWORD

This report is submitted in ac:ordance with the requirements
of Contract NAS9-8343, Article X, Reports of Work. The
report is prepared in two voluases. Volume I contains the
basic report. Volume II contains Appendices A and B.
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I  INTRODUCTION

In June 1968, Martin Marietta Corporation was awarded a
three month study as part of a NASA-MSC Phase B Lunar
Orbital Science Study. .The study resulted from the 1967
Summer Study of Lunar Science and Exploration at Santa
Cruz. The total Phase B study 1is to further define the
scientific use of lunar flights, The Martin Mariletta
study was directed toward the further definition of the
scienti1fic use of the orbital portion of the lunar flights.

A majority of the effort, in accordance with NASA-MSC
~direction, was applied to baselining experiments coopera- -
tively with experiment scientists and accompiishing a
functional flow grouping analysis of large numbers of
experiment "combinations identifiad as principal goals at
the 1967 Santa Cruz Conference. The experiments were
" baselined and a new analysis technique devised based on
payload, orbit, mission and data management constraints,
. The study confirms that a lunar orbital science program

can be developed for achievement during the 1972774-petiod.

MARTIN MARIETTA CORPORATION
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1T SUMMARY AND RECOMMENDATIONS

This contract was accomplished as a part of. the NASA-MSC Phase B
Lunar Orbital Science Study resulting from the 1967 Summer Study
of Lunar Science and Exploration. The contract has as its objec-
tive further definition of the scientific use of lunar orbital
flights through analysis, review, updating, and consolidation of
~ experiment requirements, development status and feasibility,

.grouping, and mission,requirements. The Phase B study represents
a further -step toward the preparation of detailed science mission
plans, a process which 1is necessarily iterative.in nature,

The Martin Marietta study placed primary emphasis on achievement
of the Santa Cruz Conference objectives through a fundamental
scientific analysis of the experiment objectives and their data
requirements, and limited iteration of these with proposed exper-
iment sensor capabilities and groupings derived during the study.
Experiment mission and subsystem requirements were analyzed, based
upon sample eXperlment groupings Summarized results of the study
are: :

. 1. With the Lunar Science and Exploration Conference as a
baseline, scientific objectives were grouped into four regimes:
a) Subsurface, b) Surface, ¢) Atmospheric and d) Cosmic. ' The sub-
‘surface regime was the least defined and required particular atten-
tion during the study.

2, An analytical grouping rationale (roadmap) was developed
which introduced a more fundamental technical experiment grouping
approach than has been used during the early phases of previous
experiment programs. The primary result of the roadmap analysis
is the Ylentification of correlative experiment groupings required
to.produce unambiguous data toward the scientiffc goals. With
this roadmap, each experiment was analyzed against a series of
seven engineering and scientific constraints. The Phase B analysis
shows that all but four of the originally proposed experimerts are
generally compatible with both scientific objectives and mission
. constraints, Significant clarification and combination of sensox
requirements were achieved, and one new experiment was identified -
for consideration. It is a swept frequercy UHF radiometer, for
study of the lunar subsurface regime. ‘

, 3. Of the 30 experiments analyzed, 6 were in flight ‘hardware
configuration, 17 ‘exist in non-flight hardware configuration with

a high confidence level that lunar flight. can be achieved; 7 require
new development. Contact with responsible scientists and industrial
sources in each experiment area provides assurance that instruments

MARTIN MARIETTA OORPONATION
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can be avallable for a lunar program in the 1972-74 time period.
A preliminary cost éstimate for the 30 experiments indicates a’
total cost span of 60 to 85 million dollars for flight hardware.
Further definition work, e.g., specifications and a detailed pro-
curement cycle is recommended to arrive at a closer price defini-
tion.

4. Fifty-seven experiment groupings were generated using.the
‘roadmap technique. These groupings are categorized into minimum,
medium and maximum scientific data accuracy groupings for achieve-.
ment of the objectives of each regime (Subsurface, Surface, Atmos-
pheric or Ionospheric and Cosmic). Neither selection of specific
groupings for particular missions nor programmatic optimization
of the number of missions was worked. However, early flights
would be expected to use groupings of minimum accuracy since their
instruments are generally less omplex and more readily available,
Additional work in experiment grouping and detailed instrument
definition remains for accomplishment after the program constratnts
are evolved by Phase B.

) _The large number of groupings (57) indicates the advisability
of computerizing the system interface requirements (weight, vol-
ume, power, data} for flight grouping since more than one group
can be flown by each flight, once the payload allowables are
better defined. Computerization allows optimization toward flight
schedules and experiment costs. Furthermore, the split of C&SM-
borne versus subsatellite-borne experiments (some of the experi-
ment groups can go elther way) can be optlmlzed

5, An optimum mission for mostvexperiments would be polar
and of at least 30 days duration to provide adequdte coverage of
the lunar environment. This points clearly to a requirement for
subsatellite usage in the program., The near. equatorial orbit con-
straints of the Apollo Spacecraft permit sensing of only about
four percent of the lunar surface during the experiment operating
periods; however, substantial achievement of certaln experiment
objectives can be accomplished. A large amount of data can be
collected by use of the Apollo Spacecraft only which for early
flights will represent an acceptable data .return and will provide
a significant contribution to the more comprehensive exploration
planned for later flights.

6.  There 1is a significant problem area in the requirement -
for data reduction and analysis following each flight. PFurther
-attention to the entire experiment data management area is advis-

able. Application of advanced data handling techniques has
favorable program cost implications which should be investigated

MA"TIN M‘ﬂl‘"’"" OORPOHATION
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prior to a Phase C start. An analysis of allowable data com~
pression within the MSFN on the basis of intrinsic.experiment
data accuracy requirements is also recommended. It will result
in an almost real time experiment data availability with a
tremendous impact on the visibility of mission and experiment
success, If there are new discoveries in lunar science they
could be ascertained for annéuncement immediately after the
flight - the present time delay is estimated to be 1% years.

7. Preliminary timeline analysis shows that most of the
"crew time 1is required for basic mission performance.  However,
the crew requirements for experiment operation are within the
design control cognizance of the experiment integrator. EVA to
retrieve camerz film was found to be the only mandatory require-
ment for crew participation, Deployment and actuation prccesses
for either experiments and/or subsatellites can benefit from

crew control, EVA for film retrieval is probably best performed
at a mission time subsequent to the return of the IM when all
three astronauts are available.

8. Payload capability varies depending primarily upon the
landing site selected for the basic mission, Within the mission
constraints of this study, payload available for scientific
experiments varies from zero to’ approximately 1900 pounds.,

9. Subsystem studies were made on the basis of selected
groupings and show a requirement for various subsystem changes
in botn the C&SM and the subsatellite candidates. Final defi-
nition of these changes is Jependént upon experiment group
selection and will require additional investigation and iteration.
General conclusions can be summarlzed as foliows:

. Data System requirements- on the C&SM increase moder-
ately, while on the subsatellites, they range from
about a 40% change (Lunar Orbiter) to complete re- -
"design (AIMP). '

. Power System requirements on the C&SM also increase

- moderately, while the subsatellites require almost

. double their present capacity and significant sys-
tem design change. Most components are usable,
‘however. . ' : .

'« Guidance and Control appear adequate for most exper-
iments, with the most stringent requirements Leing
+1° on attitude control and. +0.05%/sec. on angular
rates. Some experiments require special pointing,

MARTIN MARIETTA OORPORATION
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such as for a stellar reference or earth pointing
. antenna, These experiments may impose some modi-
fication requirements on the guidance and control
system, although these appear to be well within
state of the art capabilities,

Thermal control will be required by some experiment
groupings; for example, one stable satellite group-
ing studied requires an ac¢ctive thermal control sys-
tem welghing approximately 190 pounds., In this
particular case the subsystem would represent a
significant portion of the total subsatellite weight,
indicating a requirement for further study in the
experiment grouping and in the thermal control sys-
tem itself, ’

MARTIN MARIETTA CORPORATION
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IXX SCIENTIFIC OBJECTIVES, EXPLRIMENT GROUPINGS AND KEQUIREMENTS

III.]l Scientific Objectives and Experiment Groupings - Using the
Santa Cruz Conference as background, four broad regimes for lunar
sclence exploration were identified, each regime dealinyg with a
different part of the moon and the lunar environment. The four
regimes are:

1. Subsurface

2. Surface

3. Atmosphere and ionosphere
b Cosmic

Although these subdivisions have some overlap, they represent a
logical system when considering the grouping of scientific objec-
tives and experiments for lunar orbiting senscrs.

Responsible scientists and industry sources were interviewed to
establish the obJectives and instruments which could meet those
objectives., The data on objectives and instruments. provided a
functional flow or roadmap approach (Figure III.l-l) developed to
establish experiment groupings. For each of the four regimes,
basic scientific objectives were listed. . These were in turn sub-
divided into specific sub-objectives. Candidate experiments which
could meet the objectives were then listed, and fed through a

. series of seven constraints or roadblocks which defined estimates
of 1) feasibility, 2) availability, 3) measurement constraints,

4) instrument constraints;, 5) orbital requirements, 6) data re-
quirements and 7) data interpretation. If an experiment failed

to satisfy the requirements of -a roadblock, it was eliminated from
further considerations. The roadblock which was responsible for
elimination of an experiment is indicated by a blacked lower right
corner, The requirements of surface structure, atmosphere and
ionospheric, and of the particles and fields (COSMIC) of the moon
are well understood. The Santa Cruz Conference report gives
coherent rationale for those regimes. Therefore, as expected,

all experiménts for these groups pass the roadblocks as shown in
Figures III,1-3, III.l-4 and III.1-5 respectively.

‘The subsurface regime of the moon is the least understood of the
baseline exploration considered by the Santa Cruz Conference.

Only recently has the possibility of exploring this regime shown
‘up (eege, the "Raisin Bread" phenomenom has drawn the atitention

of the scientific community). Therefore, the subsurface regime
was emphasized by MMC and the Santa Cruz baseline has been updated
in cooperation with the experimenters concerned. Four experi-
ments in the subsurface regime were eliminated by the roadblocks,
as shown by Figure III.1-2. The elimination of four experiments
led to identification of the swept frequeucy UHF radiometer.

MA.TIN AMARRIZTTA 049"0"‘1'10”
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2. Surface & Near Surface
3. Atmosphere & Tonosphere,

REGIMES
4, Cosmic
| reons
L p— 1
MAJOR SCIENTIFIC MAJOR SCIENTIPIC MAJOR SCIENTIFiC
OBJECTIVE * OBJECTIVE . OBJECTIVE
|
.- I ] T 1
SPECIFIC SPECIFIC SPECIFIC SPECIFIC SPECIFIC
SCLENTIFIC | | SCIENTIFIC SCIENTIFIC SCIENTIFIC . SCIENTIFIC
FUBOBJECTIVE {susoBsECTIVE SUBOBJECTIVE SUBOBJECTIVE SUBOBJECTIVE
CANDIDATE
EXPERTMENT
{
. H
] ! .
MEASUREMENT - Y !
. TECHNIQUE _ ¥
[ 11 | | resstruy R.B. #1 -

Can experiment be performed?

Antenna size,power requirements, '

) T
: : : AVATLABILLTY R.B. #2 - Will flight qualified hardware
| i " be available by 19727 .
* t gﬁgﬁiﬁg R.B, #3 - Resolution and sensitivity
l limitations, etc.?
INSTRUMENT
CONSTRAINTS R.B. #4 - .
‘ etc,?
RE%TI?;:.‘:E‘NTS R.B. #5 - What orbits should be flown?
DATA R.B. #6 - What data rate is required?
REQUIREMENTS o
| INTERPE?:::’I‘ION R.B., #7 ~ Hoxtl do you interpret data?
} i ] f
| {
Y I | y X
FEASIBLE ~ FEASIBLE FEASIBLE
CANDIDATE CANDIDATE CANDIDATE
i EXPERIMENT EXPERIMENT EXPERIMENT
T | T 1 T
. ) il 3 .
| MINIMUM MEDIUM MAXTHIUM
ACCURACY ACCURACY ACCUHACY
GROUPING GROUPING GROUPING

|

1

i

TOTAL MISSION
CONSTRAINTS

l

TOTAL DATA
TRANSMISSION
CONSTRAINTS

.BASIC BLOCK DIAGRAM FOR
LUNAR ORBITAL SCIINCE
EXPERIMENT GROUPING

“ROADMAY"

Figure III .1-1




| KEGTME I ’

HAJOR, SCIFNTTFIC
OBIECTIVE

SPECUFIC
SCIENTIFIC
SUBDRIHCTTVE

CANDIDATE
VXPERTHENT

MEASURLMENT
THCHNT QU

FLASTHILITY

-

AVATIABILITY

MEASUR: MENT
CONSTHATNTS

THSTRUMENT
CONSTRAINTS

ORBITAL
REQUERFMFNTS

DATA
REQUIREMENTS

DATA
TNTERPRETATION

ity vertations

To * ternine vartetion tn maes
A ] and shape of woom & local dense

RADAR
CALTINT #

GRAVITY
HRADIOMFTER

7. F. TRANSTONDIR
(track from lunar
orbit t)

R.¥. TRANS{OND:R
(track from vaerth)

LAinR R-INOSET L CTORS
track from varth

Fulae or P/CU radar
X-band

Gravity gradlent 2
Itnk-d gravity meters
or rotating mass

acer levometer,

Doppler and range
transponders on fundr
sur face

Do ler and range
transponder on .
arbiter

Corarr - Cubr retrore-
flectors on orblter

creviouslv demonatre-
ted in satellftes and
sjace vehiclen

to hely kevgex; ardably
to balt kn ufr out

tnncen chang -+ 1472

[C\nr!n( anit o vratis

Gravity meters must be

rEomityy -
only |

Must ercet 3-10 trans-
ponders on lunar suce
face or drop and land
units from L),

Untf{vd s-band equip-
ment on C5M; light-
wiight units to be
developed - ’

Jsatelitee tracking

Has boen used in

from carth

Both rigquire develope
ment work for spac
use .

Lightweight units
could be developed by
1972

Lightweighe transe
pondcr avallable by
1472 .

Lightweight rutrore-
flectors will he
avatlable by 1972 .

'

leadiiyg edie ra ke
tracker permit.
2 35 ft, alrtenle
accuracy

Grnv&sy meter:

¥ " gal,
sccelerompter:
4 X 10 gal/em

Will jrovide l’ll'l over
complete orble with
sufficivnt transponders

Frovidie data on 1/2
at luner nucface anly

- |aevere earth stmospher-|’

Provides, data on 1/2
of lunar aurface ouly;

ic constraints

MYRA modules advan-

tageaun; 6 x t ant,
arcay 7rvquired for
h = 100 kms,nn cun-

Ytralate
L ..

] Any orblt deps vv_-tln;g on
misston h < 1w &m

=]

Dipends on lh:url—o:,
10 bits/svc, wta,

No external accelers-
tions permitted; long
integration tines ro-
quired

Therral drtft and
vhasy scabiliry

Thermal dreift and
vhase scabllity

Angular resolutton of ]
ground teluxcones i

85" Inclinstion
h,® S0 ks

th,* 10D km

s .2

Orhit Iimtted By trane-)
ponder visidiltey
*15° Tnc. h ™ W s

0°, $0°, 70°, 8%
laclinstton

h ® 40U kme

857 ot S0 and 100 ks

) o o (3
chi‘.’uaA" s ¥3
h® 400 kas
85° st 50 and 100 kms

2 bitw/sec

104100 bits/sec

Not applicable
no ceparate data link
required

Beagon required to
Angsish & sub-
satellites

No range smbijguities
in pulsed modh :

Need to know uciurate-
ly orbit snd satellite
orisntetions & exter-
nal accelerations

Need a diffexent lunar
potential model &
approach to problem

Meed & differen: lunar
potentisl ~odel &
approach to ,votlem

Need tmproved potentlial
wmodel to handle high
harmontc content

b

—>

EXPERIMENT
GROUPING

UBOBJECTIVE EXPERIMENT GROUP A ~

TOTAL MISSION
CORSTRAINTS

TOTAL DATA
TRANSKISSTON
CUNSTRAINTS

MINTMUM ACTURACY GROUP
[ diowater

dar A
{mproved sltimeter accuracy
alghly daefrable to enhance
Gravity Gradiomater sccuracy

MEDTUN, ACCURACY GROUP
»

i
Track from lunsr orbiter

AF Trasepeaders .
Track fres sarth, ligheweight
trausponders raquirsé to rsalize
aulti-orbit misaion capedility.

ML MUM

1R Radipmete)
May requira
rediowster t
surface terwp
Match resolu
orbit height
coverage,

Subastellite Expapiment:

®ap gross structure and ancaslies
over ac large a part of the
antire tunar eurfece as poasible

CSM Vehicle:
Should ellow sccurste mapping
over timicad Jumar surfasce aves-

Subsgtellifte Eyperiment:

obtain fine strustute over
region coviring up to 1/2 the
leasr surfece {far sids ocmitted)

Subsatetltee
obtatn crude
brighthess t
as large a p
surfece as p

Totsl date rvate 4 100 bits/sec
eaoily accommodated with cavrent
commnicatiar Iink

Tots) dats rste less tuen
bite/see

No data 1{nk requiressats °

T‘juu dcta sd
|dsta recorded
to be Tranomt
ke of sight

=z -3
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'
To uaderstand processes of internal evolu=
tions and their surface mani featationg
=
I ]
. To measure hnt flow from \unar - To deturmine subsurface mofeturs,
B | tntertor - faults & hazarde
. Y
: \ N
A X RETRGLLFL CTORS IR RADIOM:TER K-BAND MULTL- PREQUENCY

track from varth

L\Fr = Cube ritrare-

tors on srbiter

been used in
ity tracking

itwefght retvore-
tory will he
table hy 1472

des data on 1/2
lunar. surface oaly}
e warth atmospher-
onstrainta

lar resolution of
und teludcopes

KJ o
186t 20A°
AL kma

at 50 and 100 fme

onlc content

et

us”

(non-~scanning)

!rtvloualy denonstre
in sxatellicas and
siact: vehicles

MILCROWAVt RADIOMETER
{non-scanning)

nrlxh!m-qn Lumy crnur-

IH Drigh
ture Sy - Aur 2x llll
SRR N S

L#,$ ge rediometor;
stngle channelystm, Lo
horn ant, "state of

the aet"

AN

-

ALl cquipment “seat.
of the art' 'y avall.
able now

Spatial rusolution to
- fbe matghed to resolu-
tion of mlerowave
sensor

L.

Instrument oufics
mechanically logwed
to microwave antontia
wlily & attitud:

All equinrmceal “state of
the art" & available
now

e _

a7 =

apattat, resolutfon at
19,5 ge » 1*

or parabola must he
stablized to point
do.nt at lunar surface

1°% feas.

date on far sldv of ~
muon on tepe and 1
lecensate

moon on tape and yoe-

transm{t

4 atahle
. 90° des., % 15° acc. -
90° des., * 15° acc h = 80 km
h = U0 k=
100 61 ¢, ricord

Multiple wave lengeh
calibestion requi=cd,
surface cemperature
rradtly obtatned

Stm:le calibration on
tarth requiring truth

sttes

SUBOBJECTIVE EXPENIMFNT GXW'P B

o e

MICROWAVE IMAGLR

10 v; m‘i’,; 2 x lol

19,5 gc radiomoter
1'x7' phased avray
“state of the art"
L-band arrey ant,
"unfurtable”

4, 6, or 8 chanael
units " avallable 1972

AT 2% 1°K teas,
spatiel resolution:
1' at 20°gc & 40 ge
‘S'AtXSgc&lOu

ﬂrlxhtnnsu tempurature

[ i et e e

18 mo, - 2yr, develop-
ent program requiced;

]
a

antenna to be "unfur

+ 15 ’l:l:» cquat,
C5M apacecraft
h = 100 kma

| able" from spacecraft
{csM) |

1-

Record on. digleat
tape or color film:
alteraste:

10 kilobits/sec,

bretton and truth sf

mrasurements

Nu:dn extenuvn calt- 7

{ntormation from carth

te

SUBORJECTIVE EXPERIMERT CROUP C.

c

WENTHUR . Aﬁﬁﬂg CROUP
IR Radioweter & K-Band Rediovwcter
Hay requice -chl-nvelcn;zb IR
tadiometar to pin down kinztic
sucface temersture,

Match resclution (ground swsth) to
ordtt haight to provide conti{guous
coverage,

HEDIUM ACCURACY GROUP

A_Rad! et & K-Bgnd owet

- 1 er (matchad res.)
Same ss miniwum sccuracy grouyp,

axcept add single channei L-band
-unie,

HAXIHIM /CCURACY GROUP
X-
& Svcnt Yrtguencx U,H,¥. Redio-
et ef
add ﬂ.n.le channel U H.P. unte

to achieve naxizum d-pth pene-

tratios

ACCURA oup

Ry

!&m_mx.n
L&Iﬂ&*_'\‘. (nonscanning)

at cnrllu amd ewn dupzhl with
fixed nonscanning radiometens,
‘Oma chammsl per radiometer

ETDLUM ACIRACY GROUP
Molei-Prequency Microwave Impger
KX, & L-Baad M,H, Rad{oweters -
(& chanuela) .
L] t o
wediue resolution {nstruments
to provide data on subsurfece
fastures and faults,

HAXTH A
il Frd
{2 frey.
R 4
"Untocuad
vidon bex
and two o
faatures

Subsatellite Vehfcle: .
obtain crude IR and nicrovave
brightness temparature naps over
ac large a.part of entive lunar

surface as poseible

Sybsateilite Vehicle

Semt a¢ minimum accuracy group,
except Lettar brightnass
temparatura profiles .

Subsatellfte Vehigles

samo ag above except maxisum
. depth profilss & superior depth
resolution .

sllige Vahigle:
obtafa crudo aymeptic waps of
brightasas temperature &b emis-
sivity ever aa lavge s part of
eatirs lusr surfase as posstdle

3 or. Subeageliite Yenizles
- otitatn synoptie isaging dete

for 3 depthe to Ilp Tunar sub-
surfece

Adjust data sawpling rae to allow
data vacorded on far afde of maon
to be transaitted when ocbiter has
1tue of sight to earth

Accommodate higher data rate
by reducing sempling rate {f
mecassary *

Accommsodate higher date rate b'y
Teducing ssepling rate on IR
aud K-bend chanaals first

Adjust dats sampling rate te
alleow data reserdsd on fer sfde

‘of mecx te be num-dnq wies ,

orbitar has line of oight

n data oa beard with astro-
Daut er treusmit date back im
resitine) racerd on taps on far
stde ané retravomit

I .5 8



et

rlozurc-

L

To determine structursl preper-
D] ties of Luner fatarior

g\
.

N

— 4

MULTI- FREQUENCY MAGHY TOM: THR VLE ' M SOUNDER MP Y TONNDER
RADAR TMAGER
I
B0 Magnstic field £, o &
FlE] retecttviny 48 - 10 . e X
02k Y e f, refieativity vof, refleetivity 109
bot x “'qN 10t 0N o4wte 10740

1,2 go imager
“unfocuscd moge”
fitght model hutie
by It

Exfeting mensor pre-
tously flovn in lunar
L:rhu

feanible

[Tonoephere ™ apeque’ tquipment faastdillty X

trom 2,8 x 10% downj by "Alouette” and dem

antenna slsr non- “RAF" satellltes ‘°:”
mo. -

18 wonth duvelopmant
program; avellable by
1972

11 hardwary currently
avatlable

fTeehniques demonstrated Must
on earth; equipment required, shoutd he ah
available on surface done by 1972 mod

~ k4
Develorment program

80 m resclution
nnfocuard mode
"realtime imaging”

Muat have magnetically
eloun & electrically
cloan spacacratr

Kesteicted to aurface Messurement sccuracy Loy

exneriment of < 2 db gver entfre fr}
frequency range on

. refl

Antenna slze
2% x 1 meters
1n unfocusvd mode

Sensitivity .29 gavma
dynamic rangs : 54
Remoa

(334

Antenas sfzv
tmication,

problea RFY problems

Lateral resolutton = .
orhital qltitude,
13 discrete freq., mitr

S

90° des,, # 1%%.scc,
CSM -pncrcnll
h = 80 ke

90* des,, + 15" ace.
h w 50 to 100 ki

Restricted ¢o
sur face experiment

h» 100 kn

30® des,, *+ 15° acc,

60 kilobits/vec.
per channel

300 bits/sec.

Restricted to surface
experiment

100 bite/sec.

side of moon

racarder vequired far i1

.

fiecd (maging dats on
learz. and truth site
infyom tlon

Styultancous Junar
surface measurement
desiradle

P
Restricted to surface
Jexpaciment

Mo previons nueasired
.duta’ avatlatle,
Possible amblguity

>

pe—

SUBOBJZCTIVE EXPERIMENT GROUP D = -

ACCURACY CROUP

HEDIUM A CY CROUP §

WAXLAIK ACCUAAGY CROUF

sids

on ncor side of moon ealy -

MAKIMIM ACCURAG: MEDIUM ACCURACY GROUF #2 C T AC e

ot mlu-g-’ua!s:_vda[wuv Tasger g Hoar IR Spegtromatec Naar IR Spac(rowster ) . Hulti-Fre “mmim%hﬂl 8 ateti

at T pol., s chanmel £ ;requency UNF Radiouster Far TX Sosccromater Lei-Froquengy Mcrovave Taans X, 5L 3 Chynnel in up-ilnk
) rlqi. :o . hc annel) ¢ ey Spactrometar TR Tadlomate (nou-uunlnl) (ux 4 channels) . IR Madlowetsr Tupger C3M-LEM Co

"u”f“u'.‘ll ‘ﬂm*".”_;;%. 03, pro- IR Radiogeter (nonacenning) Swept Fraquemcy UAF Radiomatar mu.mgm{.ﬂygﬁwg Mulki-Preguency X 300 mey - CS

ts videa best resolution at u‘xr’(,nu should. yleld dats on locatlan Gemna R sgtrowete LS (1.2 ge & 8.4 ge -~ 2 pol,) CSM-LEM
ce and depths to show subsurlace and cowpostilon of deposita sxtend covarage to 40 wicrona 200 :I;LE,‘IC
features. for more detetl 4 :&:\;‘“ op s

G
» Ve &t

N CSM VYehigle: a2 €SN Veb
CSM_or_Subsagsllite Vshicla: Rty ‘“‘“;‘L :‘:’_v as large . obruln {maging dsta down to operate vadac only when paswive Excremaly Ligh
b Mini 2 chasrele-62.5 xbite/ » part of lupar surface sa posa- & dapth 1m the vicinidy of 100 ¢r, || imagers are turned off " urtlizing nost
122,35 Kbita/sec 1blse . B earried on bos
1 each froquenc eive channsls et N max, infovmati

L tach frequency
e : wilobite/sac R All data rscorded om tape or 7(

. 1 . 6 kilohite/ewe . . 1<) Extrawely lov d
tre- J:."..g‘-:::"’.::'::' ~::.?":I‘.';~ Neer IA Spectromersr opasates on 5 kilobita/see racord on fape ¢a far side of setromaue filer halpful o 10-20 kilobics/
‘; tecorded & retrassmicted op tar avar side of woon only Rear IR Spectromecer opsrates acoa .

ar .




1

To ynderstsnd structyre of lunar interfor

i
1

To determine electrical proper-

- i

To ditermine thurmal

rojperties

=

M.T(HFT?K

R

PO PR SR
C.r

r.f{. nt‘secltvlty
PRLETE

SRR
x’-‘.‘t‘.' reflectivity,
radat croea arcticn,
altitude,

4ox 106 9 x (0%

Lictivity
In

fasalbLIfty sxner’ nent !nlllt.ulll.:y AMreraft -fiights
L an demon.trated by ttane performed over land,
lites ford tutveraity, minor ses and lece.
mod! - cetlon ruquired tellfty over lunar
terrain queationahle
U
: N;:;;m :‘::i '::E“'X"";;.:\““ Development program
oy ° t 3 1
b modlficatlon  rogram reqaleod for apace

qualifted tardware;
Lnet rument shauld he
avallahte by ter2

t aceuragy
ver entira
range

low (ru?ulnc_v Hmit

ip = 107~ earth {on-
osrhecw; quath-specular
veflections only

Antennas nasrowe-luam
perpendicular to
flight pach;

2 polarizatlions on
reevive

resolutton » Dawn-Itnk: on-hosrd Altimezer function
1tttude, saurce or TH trans~ requitid]

e freg., prilteee anzeana atze limitation
Lemn tp-1trks  on-bosrd at lov frequencleng

recetvers and data 1ink bheam width 2.5°% x 1207

tnclinatfon s 15°*

. .
. + 15° ace, h o= 100 km

90* des,, #+ 15° acc.
h = h) km

1

2,2 ktloblta/see toral
4 channels required

1-10 kilohitn/sec
non-operationsal on
far slde of wmoon

e,
equirsd far
n

Date tnterpretation

ambi guous;

truth site data
essentlial

€, F, debifa depth &
packing fraction have
been laferred with,
this =athod

s mesnured
able,
anbiguity

t.H, P, RADIOM T K

F I ties of luner tncertor . _I" of lunar tntector © :go:uler?nlnr Ve, ey
Py
‘ /]
RS NSRZ o s
q N Moo ’ ]
72) Ui Uy [ )W - T oy
! C il N
— r - 1 ey
MLTE FREQUENGY "
M OUNDER K. TATIE RADAK RADAR rcm-n RUMITER SWE DT PR QUENCY u}‘:,m{,‘rfﬁc NEAR TH S CTROAETH: GANMA #AY, - wn.

Hrl;h:n"n tempersture
108 - 10Y

TR Brightness temperas
t}lrl_:; Sp -

a0t i

IR reflectencs
[

seinttilsttoe
detictor
K, ™,

New concept highly

Pcasthle concent -

Pein concept;

Curredt "stae:

feanible} ttew Lnst rumeat desipn demonwtratod with att' Lnat umen g
antennas & recviver ruquived sarth based measuree | i
"State-of-the-Avt™; ments nf moon and ' i
atde lobe problem Mars \ f "
S — ————t b

Development rogcam [prvclopment srogram 6 ma, te 1 ye, develop Careently 'n ace ) l
ruquired 18 mo, = 2 yr riquired 2 years} ment srogram requived) queli€ied” & ava: a* o
ready by 1972 flight model 1572 avatlable by 142 }

i "

s

1 =
Lunar reflections of ‘l_‘r““'ll vange L-40x Heeds sun reference; >
cosmic & galsctic aT & 5% : ; rerance] o . e
bachground novae} low spatial cesolution ;";“"l':”‘“”"" “;{:‘Z':Z;M e 1% wawe
antenna stde & hack 1 e ol te n 210 ke pasmas ~ran ot
lobes required

Dual log = periodic

Coolirg of optics b\;

No instramant

. Le. .
:g"m"l; f:ﬂ“““’ for passive vadiative h;:: ::l-gg;‘d;;t::- strainte *
10: 1 bandwideh - cooling to 150°K 50 channels, O, -
< polarivations; atde mev posé nrablem aGebpt =
lobe gunpressiun ) : '
— k

- ’ [
90° dea, 2 15° acc. 0% dun,, + 15° ace, 90°. des., + 15% scc, 24”‘. ’”'_ digtes PR
h= 50 to 80 km b w100 kn h = 00 ke i e s .
1 k{loblt/sec or fiim | [2.5 kilobtrs/aec § 17 )
or dizitel tape on ataorage raquired L .
far «1de of noon on far side of moon 100 hitwr/sec, 3 h:‘[::hll::"nt ot

Truth site data re-
quited for tnterpretas
tion of dats

Slmplu cullhrl!icn
proce
no tru'h site req,;
data snalysle
straight forward

Ref,

lab. dets re-
quired; mist simulate
color shift wvith age

tlon

T count 4 ffarancra
correspoud to ge
chemical different sy

Re f, et
diific
zisn ! e
af (o ren

%

SUBOBJECTIVE EAPERIMENT GROUP E

=

"-———-—*—;\'nownm’m; EXPERTMENT GROUE F ————-ﬂ

NS

HEDIUM ACCURACY GROUP

Betatic "ader (50 mcs & 425 wes
in up-link woda from sarth

CSM-LEM Communigations Systam
200 wcs-CSX to aartd, down-link

Mrdium Yrequency KM Sounder

MINLMUN A%&s% GROUP
e Bletatic Radsr G mcs & 425 mea)
in vpelink wode from sarth
CSM-LEM Communigaticns System
200 wcs - CSM to earth, down-lik
CSM-LEM tions Systsm
200 mcs-LEM to CSM, up-link,

ocgult top laysrs of lunax
L_lgr(:ce

MAXTHUM .\gcmu\a oroyr
Slatatic Radey (30 mce & 425 ~cs
tn up~iink wode from ssrth
Madiue Preguency EM Sounder
ot
should be supplemanted with
surfatc magnetometera

BINLMUN ACCIRAGY cROLY

¢ Swept Prequency UHF Radioweter
IR Rgdtometer - Nom-Scanuing
obtain depth profile of bright-|
ness temperature down to &
depth of 100 ft.

MAXTMIN ACCURACY CRO'F
Multiwrrequancy Migrovsve Imygey
(X, X snd L-band-3 channels)

R ing Radiowscy:
temparature and eatssivity
profiles

ané othern
hy 14/2 rhu
rretution

CSH Vehiclet

Extremsly 1ight, versetiie group
utilizing mostly squipsent already]
carried on board spscocraf?;
wax, {nformation for mis. weight

£3M Vahigle

-Addition of MF-EM soundsr to pro-
vide daspar penstration into.moon,
Alternate: un axisting aloustte

w (105 to 2X10%W) in lteu

Subsptellite Voht

Consider uss of nt-un; Alounu
gear (107 to 2X10W) (or Ny

soundar

Subsatelilite Vehicle:

Outein crude arsa maps but fin
depth profiles over as levge 2
part of the entirs lunar surface
A2_zcsaihls

CSM Vahicle: - .
obtain {maging data for 3 du,xhn

to map lunar subsurfeca

"5 Extremaly low date requirewents

10-20 kilobits/sec.
10-20 kilobite/pec

10-20 kilobits/sec

3 kilobits/ssc record on tape om
far side of moon and retvam it
later

10 xtlablts/ssc,vecord on tape
on for wide of woon and ruunnu
later
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MARTIN MARIETTA OONPORATION
PENVER DIVISION

( To undsrstand major |ealn|lcnl procosses -
[ vesponsthle for charactsr of lunar surface

I

|

1

1

To determine I‘ll..l‘m;' history o'f

noon

To locate and {dentity mineral
.l’!po‘llll & formations

-

and locate sources of prefercn-
tial gan emission

— |

GAMMA - RAY, SPHCTT OMUTRR

IR SPLECTROMITER

—_—

iefrtiilation
datecror |
K, Th, U

IR emlestviey
Tw o 40pe

Curvent: “atate of the
at” instroment

Lab studics of em{saion|
apdctra  B-13 lunar
apectral {on di £~
farances less than t%
from en-th

i

Gurrently “apam
qualiifed"” & available

Requices development .of]
accurate =ultichannol
spectrometer, uvnlhblu
hy 1972

reergy resolut fan
ifmications;
210 kev gamass J

Stectral emiesion dif~
feronces of less than
1% musr bs accuunly
|measured

No instrument cun-
straints

Instrument davelopment
specs, to he detere
mined

64% - H7® dewived,
+ 15° ace,
E e 50 km

K du.. +15° ace,
“h* S0 to 100 kn

PN link
I ktloblta/ece

f k{lobtt/sec,

7 count dLffarcnces
correspond o gro-
cheatcal dl“-unur .
fos .

RL)?. lab data requitedsy
4 eteult. tnterprete-
tion of composition
differences

> |

e E——
oy

;roveve 1
chennule)

14

Lwsivity

SUBORJECTIVE EXPERIMEMT GROWF G, H, & 1

MASH SPECTROMFTER

;tmolphurv compond ¢ ton
and density

! to 130 s,mu,
310°13 rorr

Hodi ficat{on of “ALSED
inatrument; CSK
produced contamlnants
Hmit experiment
feasibility

. Requires development
af electron.mlti-
plier techndlogy;
flight versiqn by
carly 1971

Sensftivity warginal;
statiatfcal fluctus-
ttone must be time

«] sveraged .

Trstrument ocutgassing
constraints}
vequires shielding
from sttitude
cantrol jets .

90°* den., t 15° mec,
h = 50 1o 100 ke

8¢ bits/snc,

To determine emiaston uf'luu:—

“IHesds & controlled
releace of tracer

a2 [rom surface o
calibrete technique

Indicotes a road-
block barrier.

Spegtropeter *

1ab. & field work by J, Adems

and others should become svailablel
by 1972 thus he!.“utiug inter-
pnn:lnn

MAXIIUM_AGCURACY Gnop
Hase Spectrometer

Kagr IR §2-gs!m!;r
For IR Spactpometer

R. gt r t e
extand obesrvations out to 49
atcrons

s for 3 deptha
rface

u;qu“u Vel h(gt et

highly dreirable to map as largs
a pare of luadr surface as poss~
1hie

ﬁur.'_mmmw

e R
ord en tepe B
 &nd retransait

e

S kilobite/eae
Naar IR Spectrometyr operates
on naar side of uoen only

S kilotita/oec * - :
Muar IR Spestromster operates on
nasr sids of mosn only

PRI&=113
Page [11-3

LUMAR ORBLTAL SCIEWCE
EXPERIMENT GROUPINGS FOR

SUBSURFACE RECIME

“Pgurs 1M1 .17




MAJOR SCIENTIFIC
+ UBJECTIVK

SPECIFIC
' SCTENTTFIC
SUROBIECTTVE

CANULDATE
¢ XPFREMINT

MEASURFMENT
TECHBTQU:

FEASTRTLLTY

o eme————

AVATIABTLITY

l———.—————————-

MEASVREMENT
CONNTRAINTS

-

INSTRUMANT

To understand lunr-surface and
neatr surface characteristics,

19,5 g radiometer

“Srata-of+the-Are'

7' x 7' phasad array

gram required, .
Available by 1972

1§ mo. dcvvlop.‘ pro=

AT 1%k

Spatisl vesélution

= 1* beam width. at
20 ge

Rocket exhausts

by Jit.

t.2 ge “unfocused"
fl{ght model built

r |
To detarmine lunar
surface strugturs,
~+
NP2 N 7 )
ﬂ\ m ™\
.
X=BAND MDIOK}.TF.R- L-BAND RAD:R TMAGER . TR MAFPING
LMAGHR . RADIOMETER
e
drightnass {repere- L IR Brightness
tare 2 x 100w r.f, reflectivity temperature
phase-scanncd 1.2 x 109w 54 to 4Op
2 chaancle-Z pol. '
”~

Feanible concept;
aev {natrument design .

N required

program;

18 mo, development

avallable by 1972 . .

Developmant program
required - 2 yearsj
flight model 1972

Trealtime

B0 meters ‘unfocused”

“X'" meters “focused"
Tt ime

imsging posatble

Spectral range
1 to 40p
AT ¥ 0,8°K
spatial
1 ki

rasnlution .

Antenne slzes

Cooling of opticn by

. . or outgessing from 2n x 2w “"unfocusvd" pansive radlstive
CONSTRAINTS spscecraft Im x Sm."focused" ceollag to 150°K
. . wnay pose problem
B e — N
P
90° des, * 15° ace, .
+ 15° inc, hquat, CSM spacrcraft - .
ORBITAL CSM apecucraft h oo 80 km R 90° des,, + 15° acc,
RFUUTREMENTS e 100 W h » 100 kn
Heeord on digital 23“‘;“,:::;"/‘::5& 2.5 kilobits/sec;
DATA X tape or film; ) storege ruquired on
ReGHT n MENTS alternate~ far side of moon
. 10 kilobtt/eec, . :
PO S— -
DATA Requites truth sdte Requires ‘Lruth site S:::_l:‘callhr‘ulnn
: . . process;
INTERIRPTATION b e data tor tmage fo trath stee Tequiied]
calthration data antlysis
stralphtfomward
— SRS ——— |
. a
L
b SUBOBJECTIVE EXPERTHENT GROUP A > |
| llE N - IRl I |
MINIMUK ACCURAGY' CROUP MEDIUM ACCURACY GROUD HAY UK ACCURACY GRour
FXPERIMENT K-Band Radlomater-Imsgec K<Bynd Hedfometer-Tmeker. K=Band Radiometer-Imager
CROUPI NG L-Band Rsder lmager Le i L-Band Radsar Imager- Ik Rgdiomeiey, {mo an)
IR Mapping Radiowetwr 1ng Rediometsr IR Mapping sadlometer Ragr IR Spectrometer
. Suppart Cemars Paporasic Cpwers
TOTAL MESSTON M Experiment CSM txperiment - CSH_Experiment Subsatellits Vehitgle Exportme
CONSTRATNTS Obteln synoptic maps of lunar Obtain synaptic maps of lunar Obtain aynoptic maps of lunar Hatch apatisl resolution af a
tarraln tercain . : terrafs ¢ ’ instruments
TOTAL DATA Record data on {L1m and n-éur'u; Record data on {ilm and return; Record date ou filim Jnd retirn . 300 wits/eec, X
TRANSMISSTON Yrealtime dump® of “unfocuse “roaltime dump” of “unfocuscd” . ; Record dats on tape on far at(
CONSTHAINTS radar imape-dsta persible vadar {mage data possible : of moon snd retransalt
ot . . v N "

1’;” -af ‘:j



I S

To determine lunar surface
2 mstorials, constituents and
«{ compouition.

%0 dstermine thermal prop, and
¢t flow processss on lunar
surface,

A
T
1

a4

IR RADIOMETER
{non-scanning)

am
4]

IR brightness
tempurature

Spto AO/L

i'rcvl‘nuuly demon-
strated in satellites
and apace vehiclea

All equipment
"

and available now

Spat{al resolution to
be matched to
resolution of wlero-
wave sensor

MICROWAYE RADIGT VIR
{non-scanning)

Brightness tempera-
ture 2 x 10'%A

2 chaanels

receive ? pnl-r(l.

'S

19.5 ge radiometer
“dual chsnels"
simpie horn ante
atesof«the-Arg"

All equipment
"State-of-the-Art";
available now

AT 2 1I°K feanible;
spatial resolution
1* at 19,5 gc

X-RAY
FXPERUMENT

Gas filled
proportional counters
and electron multi-
nliers

P5cate-of-the-Ace"
Sensor

Flight qualified
herdware avaflable
now

S ——————

No measuvement
conatrainte

NEAR 1R
SPECTROMFTER

IR 5!'1&0‘!"1

4

IH Hellectance
0.5 ta Ix

Feln gongupt;

demons; cated witt
aarth basad measurcs (813
ments of moun & Mara

R emteatvi

Lo 4044

o mo, to § yr,

réquired;

duvalupment program

availeble by 1977

0,1 to 1 km

Needs sun reference;
spatisl .rasolutien

Lab etudien
enfasion ap
lu
enfssion di
less than 13

svallable

Spectral emi
a1 fferences.
than 1% must!
accurately o

by Tastrument optice No Lnatrument Lead suifide detectors
muchanically locked or ;-lrnhoh mugt he C:“‘:"l:':l" held to 25°C; lnnrumemhcf
to microvave santenns atabilised to polnt R 12 to S0 channela} -pec_n.‘:o "
asncmbly & attitude at nadlr O.hp to 3/“, detecmined
stahle i .
. . 90° des,, + 13" acc, - wo* 4 Vs 84°-87* Inc, 90* dus., * 157 ace. 90° des., 3
e h = 80 !ﬁm el..v_ lcc.’ . h.w.50 km - how 100 ke h = 50 to
° h ™ B0 km . N
3 3
’ . 100 bits/sec.; FCH Tink
" ‘I’OU Mtn{uc.;‘record record data on far 100 bira/sce. 100 bits/uwe.
ata on far s : of stde of moon on tape ) 1 kilabfe/
moon on ‘tape an snd retranamit |
reiransait
’ . .
' Multiple wave length Stmple callibration Referance lah data Referance la
callbration required, . on earth; Dats interptetation required; requiraed;
1eea sur face temperatire truth site required straighcforvird . must “eimulate color tnterpresatt
readily obtained ahift with age composftion
- S S—— . diffeult
.
SUBOBIECTIVE EXPERTMENT GROUP B }d—-————-————-——- smmsmes s amcesv o SUBUBJLCTIVE EXPERIMENT GROUS C- - =- - - i ———-->| I—
M ACCY GrouP HEDIUM ACCURACY GOLY BAXTMM_ACCURACY GROUR mggmn ACCURACY_GRatiy MEDIUM ACCURACY GROUF HAXIMIM ACCURAGY GROUT .
Rad ter (non-scan K-Bgnd Radiometer IR Xepping Rediometier
Tomeleg (non-scen TR R.d(—i—'_—a-eter {aon-acan) Nesr IR Spectrometer K-Band Kedlometer (nonwscan) ° L-Band Rydar Tsager (untocused) L-Bénd cdsr Tmsgee (unfocused) i
R et Cometer Near IR Spectrometer IR Spegtrometey ' IR Radionster (non:scan) 'IR Mapping Radiometer K-Bsnd radiometer-Tmager 3
. - X<Ra ",._L—‘—x o imel X-Ray xpariment . . unﬁ;:uud" wode {mager- 80 m IR L0 diometar
AoRay bxparisent - P - fon provides best resolu- ‘
¥:8g0d Had'onrter-tnager resolutfon p .
tion on surface
< L
ellite Vohicle “xpariment Sub "'““. Vehicle Carrien { Subsatellite Vehigle bxpuriment Subsatellive Yehicle Exp ciment Subsstellita Vehi¢le Exporfmet Subsstelltce Vohigle Experiment <
spatial resolution of all Match ¢ Match resolutton at aprctrometers Obtain crude map of thermal Obtaln synoptic maps aver as lar Obteln eynoptic coverage over as |
mentw mdc;.x;:l:::on of spectrometer and radlometers propsrties over av lerge & part & part of the lunar surface an .7 large a part of lunnr surfece o3 ‘
of lunas aurface possible possible possible .
. - e
: -~ e
300 - wite/sec, 400 bisn/eec, 20 kilobics/asc, Adjust dote sampling rate tm ailoy |- 62,5 kilobits/suc, 72,3 kilohita/dec
data on -tape on far side Record d‘t'| on tape aon far afde Take data on alternate orbit:; deta recoried on fac elde of moon Take data on svery second or third | Tehe data on every second or third
@ and retransmit - of moon and rutvensatz record dets on tage at all tiwes to be retranamitted vhen vehicle orbit; record date on tape at all § { orbit; record data on tape at all
] and “dump” dats on nesr side of uunhn ne -ld-. tines and dump dats on near udc times and lulp date on near side
noon - of mcon, Lof moon,
.




[ emme ]

To-underetand the eignificant
evolutionary processes rasponaible
for character of lunar aurface

I

To deteraine physical prop.,

moiuture content in top leyers,

—=

I

" To determine electrical

. fone !
D and presunse Sf gesse nasr properties of lunar surfsce,

lunar surface, :
L _/r\
e N
7T\

. i ‘ | | ~
‘ e NLUTRON ALBEDO MASS ) ALIHA VARTICLE :
TR SIECTHOMRTER EXPZAIMENT SPECTROMETIR . EXPER] MLNT EX’!&.{%?&%D

) TR emisstvity
Ipa to 4o

Lab studies of
rmisston apretre
(8-13u), funar .epeceml|
eminsion di {ferences
legs than 1% from earthy

| Requires development
of accurate multl-
channel apectromeier,
available by 1972

Spectral eatssion
dt fferencen of leas
than 1% ount be
accurately vassured

Tastrument development
specs, to be
determined

90* des,, + 15° scc.
h» 50 to 100 km °

1 kilobit/sec,

di fﬂcnll

Refersnce lab data
required;

interpretation of
composition dlf(uronce-

i

Proportional
counters & orgenic
scintillstors

“ftare-of~the-Art"
Sennora

Flight qualified
hardware svaileble
now

No measurement
constrainga

No Lnstrument
constraints

! 84%-37* Inc.

bhow 50 km

I'CH link
1,25 bits/sce,

pate Loterpretation
atralpht forwary

l Atmosphere coaposition

T and denuity
1 to 10 e.m,u,
1013 ‘torr

Modt flcation of “ALSEP
{nstrument; CS¥ .
producad contaminants
lmit experiment
faselbility

—————
' Raguires development
; of atectron multiplier
. tec’inology}
fitght version by
early 1971

e D

Sansitivity marginal;
statisticel fluctua-
t{ons must he time

averajed ‘

lastrument outgassing
constraints;

requizes shieléding
from sttitude control
ety

90° den., # 15% ax
h » 30 v.o 100 km

80 hite/uec,

Hueds a controlied
relesse of tracer gesx
from aurface to -
calibrate tectnique

— SUBDRJECTIVE EXPERIMENT GROUP D

e

—_—.

Solid state .
ithiom deifted”
ailicon detectors

"Stete-ol-the-Art"

nenr

Lab model anly;
flight qualified
by 192

Sensitivity and
resolution
adequate

No tnstrument
constrainie

84* - B2° 1ne.
hom S0 ke

PEM 1tak
5 hitn/lenc.

Dats Luts rprbl.u'LLnn_
stralghtivrward -

Heteorotd flux and
“mpectral type
1dentification

Peasibility not
yet demonstrated

S S

by 1971

Davelopmunt brosd-
board compleie late
1969; flight model

Momentum and

velocity measures
nents unrestricted

Muat b pointed
toward space as
much sn possibte

b = 100 km

" wo® dex,y + 15° ace,

25 bita/sce,

and velocity

Slaple interpestation
of dsta in rerms
of flux, momentum

SUROBJFCTIVE FXUERTMENT GROUF E -ewommoem—

MINT MM ACCUKACY GRINP .

Mpss Spuctrometer

Nautyon Alhedo txperimspt

HEDL(M_ACCURACY_caour
ﬂ!.'_‘l‘.‘..-ﬁ..”_“_‘_‘ﬂ .
Neutrey Albedo Eznlrlunl
Alghe Perticle Experiment

HAXIMUM ACCURACY CROUP

Hanp Spectrometer
lln!ran A!hu!o Expeciment

Pa¥td erimen?

l‘hg;celt;lrlg Photometer

MINIMIM ACCURACY, GROUY:
3]

Could by combinced with eubsurface
bistatic rader expuriments

<2and Radicustsr (none lcnn)

. ] yﬂuur (non--un)

hi lt_“xpurluné

coveragc over ns
lunar surface as

Subsatelifte Carrier Vehicle
Map ns large a part of entire

lunar surface ss possible

Hap ¢8 large & part of lunar
surface as possibie

Subsetellite Vehicle Fxperiment [

CSH o Subsatellfie Fxperinent

Photoclecteic photomater operates
on nesr #lde of moon only -

$ubegtellite Vehicls fxporiment
Map a6 large s part of lunar

surface as possidble.

Subsasellite Yshigle Experiment
Obtatn crudes saps of electrical
propertisa over am la » part
of lunar surfece as possible

Obtatn w
large o
possible

tta/eec 100 bica/sie, 100 bi 1 megabit /sec, Adjust deta uem, ling rate to $5
¢ . pling r
ery second or third Record data on far side of moon Record dats on (:r -:d. of moon ma:mth‘r dats 02 tope or film & 2::::::::::a;:dd:-:.?:n:':::f" allow dste recorded on far eide Take datal
ats on tepe at all and yatvadenit and retramemit. dusp on "nearside” of woonj trans-~ ) of moon to be retransmitted vhen (| ordie; ref
date on near side mit remaining date 1n "realtiue’, vehicle reaches near side, times and
X except when on fsr side of moon, of acon.

T -+ &

:a-.g_e-_-:_—_—_g_-ﬂ




cal
aurface,

[

lictes for future

—— .

.ol the moon.

To determine t.ae shape and -lu

To deteraine 1
for landtng st
and future miss

steorold flux and
ppectral type
1deut! fication

Prarnibility not
yet desonstratad

Development hread-
oard complecte late
196%; £1ight wodel
hy 1971

mentum end,
belacity meanure-
ents unrestricted

uet he potnted
ovard spacy as
uch as possible

0° des,, #:15°
h o= 100 km :

acc,

25 dtts/sec,

mple fnterprotation
f dota In twrma

f flux, momentus
nd velocity

Visusl and
IR {maging
0,35ut0

t.op

near

E.f‘,r.(. reflectivity;
down-1tnk utilizing *
onhoard S-bend

telemetey téansmitter

sengor

"State-af-the:Art"

I'reviously proven

on lunar orblter &
anchored (M apace-

, craft :

major desigm
flight model

Lab model’ only;

V v

mods,
by 1472

‘All equipment cur-
rently availahle

at h e 50 km

Dynamie r’.nnl 104
3 meter vesotution

13 cm source Iinfta
muasuremunts to
top layers of
surface

No fnstrument
conutratnta

ttiitzes onboaud-
S=hand system -
no modifications

%0* oot
h =30 km

5% acc.

4 15%Inc,
l = 50-330 km

108 bite/acc

No data link
required

Whotographic
output «
nn prohliems

.|

“€" and ¢
deduced directly
from rccordtr
dats

GROUP E -~

| .
1

HUBOBJECTIVE EXPERTMENT GROUP -F

AND ALTIMETER

€.4% r.f. reflectivity
radar crosi-section
and altitude .

Lebasad syt tews

L RTINS ST TATTLN
s goneept for
X=band Loz tpumene

ealed-up
X-hand versfon
available by 1472

‘Ant, carrow heem
perpendicular to-
flight path;

2 pol. on receive

[ Alttmeter functton |

ussential;
X-band requived to
reduce size of
ccattorometer
antuenna

+ 151nc.

e 100 km
reprtitdve. orbity
desivable »

1.2 kilobies/suc
toal
{? channclae ruqul red)

lista iuterpretation
amblguous,
truth sité.
rsetntisl

data

]
— ; ‘A A .
: Vgat N
] - _ I
METEGROTD : RISTATIC X-BAND RAD.iR RF TRANSPONDER
FXPERTMENT 'T.g;‘,’:;:g;:m RADAR . SCATTRHOME ER w

. {track from ecareh)

Doppler and range
transponder on
orhiter

© ) Untfted S-band cquipe
ment on CSM; light-
wvelght unita to he
developed

Lightueight
transpondeyr
avatlable by 1672

frovides data on
1/2 of lunar
surface only

Thermal drift
and phasc. stablitety

30°, 50° 70° 8s°®
{nclinstion;

h w600 km;

85 ot 50 and 100 km

Not applicable;
no separate dats
ok required

SO S — |

Koed {nterpolation
methed baged on drcs

ol urbft tur, determina
tion of higher order
spherical & tesseral

harmenie gocfitcients

g

IR Yopping lnltmu

Vtilize statistical and adaptive
methods to obtein map of terraln
shape cstegories

L

- — SUBOBJECTIVE EXHER!
f - ' 1
MATIMUM AGCURACY. GROYP MINTIM ACCHRACY GROMP . ‘q _HEDIUM ACCURACY GROUY PAXTMUY ACCURACY GROUP MINIMUM ACCURACY GROUY
-scan) L=dand v-_gn_un_r_ (unlneuud) X-%aod Radar Scattareweter & || BETradspondurs BY Irensponders L-Bgnd Redyr Imgger (unfocueed)
) K=Band Radlome Altimeter ’ ‘I] Track from lunar orbiter Track tron earth K-Pqnd Radiometer-Imsger

‘IR Mppping Radioweter

Uatric Coycrs/s
Lascr Altiseter

~

e a part larg
possible.

Suhsatellite %ahicle kuperiaent
Ohtatn synoptic coverage over as
s part of lunar surface as

CSM Experigent

Obteln repetitive date ove. :
lieited portions of lunar mirface

csM P.m»‘\'rl-unt

Should allow sccurste mapping
over limited iv-.ar murfsce ares,

Subsatelltte Vlhlg Experiment

Obtain fine structure over
region covaring up to 1/2 of

luaar

turface

Subegte]lite Vahigle Experimeqt

Obtain. synoptic coverage over ss
lerge & part of lunar surface e
possible

CSM ¥xpe
Extreme accuracy
of luner surface

63 kilobita/dec,
Take data on every second or third
orbit; record dats on.tape st all
timey and dump d-tl on near aide

1.2 kilobite/eaz. total
Record data om’ taps sa far sidé
of moon and retvaassit on nesr -
side,

- No

data link required

65 kilobles/sec.
“Take Jata on tvary aecond or
" third orbit; racord dats on tape
at. al} ri-u & dump dala on

near side of moon.
LA

.

_Record d-nb on {




S 1.

To undnru‘nzld details of luner surfsce
to provide surfice etploration capabte

1ities for future miestone

G

To deteralne lunsr aurface data
for landing efte cectification
and future mission planning,

e

B

To provide topographic maps
6f the luner surfsce,

JsPOsDER
ttom edrth)

nd range
r on’

hand equip-
My 1ight-

ts to he
t

e .
hy 1972
ata on
ar

1y

R0}
stah{lfty
0° RS®
LH

;-
and 100 ke

BT R
¢ dats
red

ol fon

doan dres

3 e termina o
fwr ordec

by Lesteral

-

orhiter)

RF TRANSPONDER
(irack from lunay

LAS K
ALTIMIT!R

tra
surface

Dopplir and range
ponders on lunar

Meaanry altitude
to # 2,5 meters
using laser

Must erect

10
transpondern on lunar
aurface or drop and
land units from 1.0

\_..—___. —

Currently under
developuent by
TRE, Inc,

by 1922

Lightvel ot units .
could he developed

with sufficliunt
transpondery

e

Will provide date
over complete arhit

Flight qualtficd unft
ready by 1972

6 palnes/minute
1{mit {nstrum nt
reprtirion rate -

Thermal drift and
phase stablliity

Attitude knowledge
required (30,1°%)
to measure altitude
to A meters

Orhit limtted by
transponder visibility
4 15° Tuc., h = 100 km

-10 to 100 hits 'scc. .

+ 1510,
toe 8O - 150 k.

Hone;

Fllm return

Keed interpalation
method based on arus
of orbit for detenminad
tion of highet order
sphirical & tesgeral

but 1 Luterpretation
stralphctomvaed

METRIC CAM:RA/
STrLIAR CAMERAS

Sternphotography wifh
concurcent stellar
photopraphy for
attizude information

Feasible; major
modi {{catlion to
cxisting cemvras

2 year devclopment
effort; unit rvady
by 1972

No measurement
constraints

trovide ». lelent
figld-0f~. vy for
cameras

1 15" Tne
hoe tud km

Nonwuj .
Pils roturn

Stmple calibration
ty ~hotography of .
star fields

';“:" "———-———- i s e e e SUBOBJECTI VE EXPERIMENT GROUP X

nitlclents hasmonte_cuet flcdents

SUBORIECTIVE EXP'ERIMENT CROUP €
i . MAXTMIM ACCURACY GROUE MEDIUM ACCHRACY CROUP " MINIMIM ACCURACY GROUY
focunad) L-fand Reday 1msger (focused) L-Bgnd Radar Ymager (Unfocused) Herric Comcya/Stellar Cametes
ot Pgqorgaic Comera Metric Comers/Stellar Cqmer .

Matric Camera/Stellar Cameras
Lasee Alttmeter

Lager Alt{mcter

Laser Altimuter

PANORAMIC
CAMERA

Simple
high resolutlon
vhotography

feasible, oajor
modification to exiet-
{ng instrument

18 mo, development
“wffort; unit
ready by 1972

No measuremend
conatraints

Provide suffictent
ficld-of-viev for
camera

S* Inr.
00 k=

Ui+
o

None:
file return

Data intrrpretation
straighttorvard

MARTIN M
o

L Indic
road*

MEDTUM ACCURACY. GROUP
Hetric Camera/Stellax
Typorgmi¢ Cpu

Taporgatc Cpmars
Laesy Altimcter

MM ACCURACY GROUP
Matric/Secllgr
Panoremic Camcra
Lager Alt{metar

Fhotoslectrig Thotoweter '

Fxporiment

KU aver &8
surface as

CSM Experiment
txtrome sccuracy over limited pard
oi lunar surface

CSM Experiment

Good accuracy oser limired part
of lunat surfsce

€SM bExperiment
Bas{c mapping m{ssion

' 13,1 Hsgtt(ien(
Isproved accurscy afforded by
inclusion of panoramic camers

CSM _Fxperfwent -

Should yield absolutely ﬁlhhlnt )
accuracy aveilable. .

ond ox
ta on tane
ts on

e sted

B
Kecord dats on ft1m and return, _]

Record data on film and rerarn,

Record all data on fllm sn?
ceturn, :

Record all ‘data on film and
retugn -

v
‘Record all dats on {ilm bnd

return,
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MARTIN MARIETTA CORPORKATION
DENVER DIVISION

I

exint -

I

Pt

R .

wtden
r

nighest

t

snd

Indlcates a
roadblock barrier

LUKAR QRSITAL SCIENCE
EXPERIMLNT GROUPINCS FOR
SURFACE RECINE

Figure Il1 .1-3
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shown in FICURE 111.1-2. Now this regime emerges with a {ull
complement of' groups nccessary to solve the subsurfaoe explor-
atlon problem.

The result of the roadmap development was the identification of
a large number (57) of experiment groupings. These groupings
reduced the extremely large number of possible combinations of
30 experiments to more manageable proportions. A further reduc-
tion of combinations was achieved by defining minimum, medium,
and maximum accuracy groups. These groups reflect estimates

of experiment sensitivity, and additionally provided a measure
of system complexity. Minimum accuracy groupings allow early
flights to obtain some of the data useful in meeting the lunar

' science objectives. Maximum accuracy groupings provide more and
better data, but generally at somewhat higher cost, weight, and
data transmission rates,

The number of missions required to meet the 1unar science objec~
tives was not estimated., However, the groupings presented as

the roadmap output allow future mission estimates to be made,-
“based on the ground rules and vehicles available at that. time,
The type of satellite on which each experiment candidate should
‘be flown in shown .on Table III. 1 -1,

Table III 1-1
Satellite Requirements for Lunar Orbital Experiments

Command and Service Module.

-  C&SM or Stable Satellite

Metric and Stellar Camera
. Panoramic Camera
Laser Altimeter
Radar Imager

"(1f image on film)

- Stable Satellite

" Geochemistry Experiments¥*
Mass Spectrometer®

v'Spinning'Satellite

AC Magnetometer
DC Magnetometer
Piasma Probe
Low Energy Particles X
Solar Energetic Particles -

IR Mapping Radiometer

IR Spectrometers:

Microwave Radiometers

Radar Imager

Radar Altimeter

RF Reflectance

Swept Frequency UHF Radiometer
Bistatic Radar
Electromagnetic Measurements
Photoelactric Photometer

RF Transpounderk

UV Spectrometeri*

Metec” .. 8 ‘

Sola: ' .d Foil

Lasex etroreflector
Grevity Gradiometex
Electric Field*

Radio Noise Survey

*#Can use on C&SM; however, possible background‘noise, contamine-

‘tion problem.
inclination, longer mission,

Prefer more extensive coverage provided by higher

#*%Can also use on spinning satellite.

MARTIN MARIETTA CORPPORATION
ODENVER DleSlON.
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. Pour missions were identified by NASA as candidates for the lunar
sciénce program, Four representative groupings, shown on Table

" IIT.1-2, were developed. - Subsequent sections of this report dealing
with subsystem support requirements are based on these groupings.

It should be noted that the groupings, derived jointly by NASA and
MMC early in the study, hold up quite well when compared to the

roadmap,

. Table ITI.1-2
Potential Experiment Gioupings

Command and Service Module

Metric and Stellar Camera

‘Panoraniic Camera

-} Photoelectric Photometer
‘Laser Altimeter ‘

Solar Wind Foil

Experiment Wéight 71? lbs
Inclination 0-15°
Covérage 1-u49

‘Stable Satellite

_Geochemistry Experiments
Mass Spectrometer '
RF Transponder
Meteoroids

Experiment Weight 526 1bs
Inclination 90°
Coverage 100%

. Stablae Satellite

SEinniggfsatellite

IR Mapping Radiometer

IR Spectrometer

Microwave Radiometer .

RF Reflectance

Bistatic Radar

Radar Altimeter

RF Transponder
Electromagnetic Meaaurenents
Radio Noise Survey

Experiment Weight 644.5 1ba
Inclination 90°
Coverage 1007

3

i

- AC Magnetometer

DC Magnetometer

Plasma Frobe

Electric Field

Low Energy Particles
Solar Energetic Particles
"RF Transponder

Experiment Weight 73,5 1bs
IncY{inatien 0-90°
Coverage 1007

There will be further groupings

in terms of payload capability

which can be achieved by combining the scientific discipline

groups identified on the roadmap.

groupings will be based on cons
orbit inclination, nodal points

The final selection of the
traints such as weight, lunar
and duration deSLred

PSSV —

I1T.2 Experiment Requirements - Experiment requirementS'Were obtained
by a survey of responsible sciantists and potential industry ven- ‘
dors. The requirements obtained were tien compiled and documented

MANTIN MARIETTARA CORPORATION
' DENVER OIVISION
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in Experiment Description Documents (EDD) enclosed as Appendix A
of this report. The EDDs were prepared to the format of the NASA/
MSC Phase A report, Appendix A, and include experiment objactives
. and measurement concepts, with the requirements of bpecitic hard-
' ware which most nearly satisfies the objectives.

Many states of development are represe:nted by the experiments.

Of the thirty experiments surveyed, six are of flight hardware
configuration, requiring only adaptation to the potential space-
craft. Another seventeen experiments are state-of-the-art, These
have not necessarily been previously flight qualified, bui suitable
instruments are available which can be modified for lundr flight.
The remaining seven experiments will require sensor technology
improvement and development. The state of sensor development can
be deduced from Table IIX.2-1 ' '
Experiment requirements are summarized in Table III.2-2. These
requirements are also presented in somewhat greater detail in the
EDDs of Appendix A, The majority of the experiments have

many common requirements; however, some differences can be

. seen,

Power requirements for,most experiments are compatible for use
with 28 volt dc systems, The K-band microwave radiometer is an
exception since it is an application of a Nimhus unit which uses

. =24.,5 volt power. Another excaption is the Listatic radar which
requires 50 volt, 2400 Az square wave primary power. The Mariner
1967 Venus probe unit is reflected, again an application of exist-
ing hardware.

Temperatufe limits are reasonably broad, with the exception of
film cassettes, some of the geochemistry units, and the IR spectro-

meter, This latter unit presents the tightest temperature control
(23°%C + 5°) limit,

Data storage and transmission vequirements range from zero to a’
video link requirement of 12 megabits/second for the. photoelectric
photometer. All instruments requiring greater than eight bit
resolution have individual analog to digital converters, and pre=-
sent a digital data stream to the spacecraft data system,

Capability to hold the spacecraft within + 1° of local vertical
should be adequate for all sensors requiring this pointing wode,
Control of attitude rates on the order of 0,05 degrees per second
appears to be the most stringent requiremeant, Several of the sen~
sors require pointing modes other than local vertical. The solar

X-ray and cosmic ray portions of the geochemistry experiment and

MARTIN MARIETTA CORPORATION
’ ‘DENVER DIVISION"
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e -
: Table III.2-1
Experiment Development Status, Other Programs
Experimen; {* : Development Program
Metric and Stellar Camera |2 | Fairchild study for MSC
Panoramic Camera 2 | None for space application
Laser Altimeter 3 Control Data Corp. development
. i contract
Radar Altimeter !2 | None orbital, SIB unit flown
s : ' to near orbit
Geochemistry Experiments** |2 | AS&E study fex GSFC
Mass Spectrometer 2 | ALSEP (similar)
IR Mapping Radiometer '3 | MSC study
- IR Spectrometer ,|2 None ,
Microwave Radiometer 2 | Nimbus E (Space General)
RF Transponder 1 | C & 5¥, Lunar Orbiter
| Bistatic Radar : 2 | Mariner 1967
" Photoelectric Photometer 2 { None
_RF Reflectance |2 | MSC aircraft units, no orbital
, development
Electromagnetic Measurements 3 | None
Noise Survey 3 | RAE Explorer in earth orbit
. Radar TImager 2 | Venus probe (JPL - Mariner)
Meteorodids 3 | MSC study
Sclar Wind Foil 2 | ALSEP
Magnetometer (D.C.) 1 . .
Magnetometer (A.C. ) 1 Already developed for
Plasma Probe 1 many space missions
Lew Energy Particles 1 (AIMP, Pioneer)
Solar Energetic Particles 1.
Electric Field '3 | None -
UV Spectrometer 2 | Mars probe - C.U. Mariner
‘Laser Retroreflector i 2 | ALSEP
Gravity Gradiometer {3 None

*Category 1 - Adaptable Flight Hardware Available
2 - State~of-the~art '
3 - New Development

**Combination of four experiments

MARTIN MARIETYA CORPORATION
- DENVER O1viston
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esh, Orient,
Xofse Survey . . -
Receirer (¢} < il M ox W v 2 (ea) pi-E2 5 110 to +65° | 1 Digital ) 8PS toers, BN 1, Power ‘m-fe * Incliades deploow a3t mo.apis=
' 20,597 2. Reverver lMode Cantyol
Anterna 4t Ib 120" mar tip-to-tip - - |Ther:al Cony, . 1, Antenma Jeplov gnd
* . Coatings .
Gravity Gradiom ter - . M )
Gravity Merer (J) B 8% ] 1-1/2 dia » h¥ ha 3 {-10 to +50° | 2 Digival L - 1, ‘Pover Op-Ofr Attitude knowledye. to 5%
: . est, : Vert 1 .
Solar Enerpvtic i :v.ci0 :
Electronic Betector 10 G 6™ ¢ oy 1M inza -1G 1, Di;ie.1f 1a0C BPS any o wer Jn=Otf + Attdtude & posicton BISIorics
’ : . Andiose TuPS : b4l deploy Protec, Couvs required, Atift HnGweeLi 25
Low Energy Part ; R ; “ . - ]
Detectors Sl I at oy 7oy 12" 264 RS TERR S Ji~ttal|  Lovye BPS Any L 1, Fower "m-0f: * Attatude & rosie. - oistories
. { s | Analog 7 BPS l 2. Deplev Protec,fovers |- required, Attiiude Fuonicdge 25 o2
RE
g
fog =
-
=
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C&SM LUNAR ORBITAL SCIENCE - EXPERIMENT REQUIREMENTS SUMMARY

Physical Electrical

Data Requltemen:s

Attitude Control

- Temp .
Ret vitg Avg Lémit Bit Max
Experiment Weight Weight Dimensions (bC) Pur cey. Chan Format Rate Type Bev Centrols Remarks
Metiic and Stellar .
Camera .
Metric 171 21 13.9" x 27.3"% x 143" 2824 60 | +5 to Analog |1 BPS Loc . 22° 1. Pover On - Standby - Boresight Metric and Stellar to -
Peturn Dimeas. -1 +30° (est (total) Vert 20,05 off 5 arc sec
™ 8" dia, (est) per sec
Steller (2) 72 12 15.1" 2 15,2" x 7.6" (2824 20-] +5 (tlo 5 Analog 1 BPS Roll S/C once (minimum), pref. 3
. Aeavn; +307 (est)] ° r (total) times to view space to calibrate
Reou-- Ewuenr, 3.8" x metric/stellar alignment
i _— < o3 J.a, (each) —
243 33 80 -
Panoramic Camera 315 65 20" x 5" x 20 2824 560 {1 «5 to Analog 1 BPS Loc +2° o |i. Power Om-Off ‘ Primary operdte node in conjunction!
.. { Peturn Dimens. +30° {est) (total) Vert =0.05 2, Mode Select with Matric/Stellar system
ot 5" x 20% dia, (est) N per sec (2 modes)
- 4~ - -
Radar altimeter !
Angennu 15,0 [ 15" x 18" . 3" _ -20 o 1 Digltal (72 BPS Lec +5° o s Power On - Standby - Z ft maxiium between antunna
E.ectronics 26.5 g R VA N A 2824 70 | -70% 20 Analog” |8 BPS Vert' 20.05 384 and electronics ’
’ C vy otunl per sac (2, Antenna deploy
- — - i ‘ (if required)
41,5 2 70
RF Reflectance’ . )
- Bigetronice *23 R HEARSRE : LI -1 284 | 70 -ZOD:o 1 Digital 1440 BPS Loc * :1: P 1, Power On - Standby - Can combine altimeter and scattero-
Antenna ) i 8" x 3" x 2. ’ +70 20 Analog 160 B8PS Vert =2" Y,RR off . meter if !oth expts fly togerher
A 0 - 5V (total) 20,059 [2, Dynamic Renge Switch .
-55 ' per sec
Laser Altimeter Wi f 20" x 18.5" » 15" 2824 100 -SSQ':o 1 Digi:nI. 2 BPS Loc =2° ° 1., Power On - Stancby - Boresight with metris camerz to
: . . +71 (max) Vert =4.05 off 14 arc seconds
per sec
T~ R
Geochemiatry A _ )
Gamma-Ray S8y [+] 2824 . 18 20 to 30 ’ L z 1. Power On-0%f% Roll §/€ to vi w sfnce with gammg-
Neutron Albace’ 5. 0 . 2824 31 15 to 35 Loc :20 2, boom Deploy ray #ensor J times, 15 cinutes
Alpha Particie. 6 -0 Dimensions 2824 21 15 to 35 J - Verr :2° 3. Calibrate Mode cach. preterably on dark side
Z-Ray Seasurs . 3 175- N Unknown 2824 28 0 to 50 1 Bigital [280 EPS ; 22 o
Sclar X-Riuy - : 35 0 2824 2 0 to 50 : Solar :150
Cosmic Roy { - 15 [ 28¢4 .2 0 to 50 Solar =15
“Electiotles . 150 0 2824 20| 0 tos0 None 20,057
) — - p— per sec
475 [ 75
Ry 'V'u\:s.andet‘.
Zlec.y nlea 12 [} 12" 'x 10" x 3" 2814 17 -12 to Internal Imtern il 1. RF On-Gfs Use existing on-bo.td equipment
darbenaa 2 ] - - +43 2. Rangfax On-0if tor CSM uprlicat. .-
14 0 4 .
$visr Wind Foil 15 0.25 14" x 10" x 10" 2824 0 Extender:l 3 {Analog 3 BPS Solar 215" 1. Baow Extend./Retract Foil Area X Experiment Time =
B B ' Riturn Dimens. -19 s 0 - 5V : =,5°/ {2. Foil Extend/Retract 30 £t2 - hre minimum
36" x 1,5" dia. +65 sec
Fofl: -6
to +100 ;
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Tarle Ill.ve=z {Cont'd)

C&SM LUNAR ORBITAL SCIENCE - EXPERIMENT REQL'IREY.ENTS SUMMARY

Physical Electrical

Data Pequirements

Attitude Control

" Temp
Ret Vicg Avg L&mic Bit . Max
Experimen: Welght Weight Dimensions (oc) Pur (4] Chan { Format + Rate Type Dev funtrols Remarks
IR Mapping Radiometer . - »
Radiometer 5 0 15.,8" x 15,8" x 9.8" -+ =20, t0 1 Digital | 250y BPS Loe 22° ° 1, Power Cn~Cif *Radfator on radfometer must view
Elgctronics 13 g TBD . 28=4 1501 +40 . Vert 20,2 2. *Boom Exiends spac - (hoct mounted probably)
150 0 . ¢ per sec Retracs
lticrowave Radiomatar ) : . ! R
Antenns (L&K band) 10 0 {1!' x 12" x 2,5" ~24,5 ~10 to 2 Digicel { 200 BPS Loe | 25 1, Power On - Standby - For K-band oniy; welgiit, puwer,
4t x 3" x 2.5" : +60 1 §PS o 0t and date rate are 1/2 the amounta
Electronics (L&K Bund)| 20 0 {8“ % 6% x 13" +0,5 40 . 5 Analog per chan 221 2, Mode Select shown, Atritude knowledge of
— - 8" x 6" x 13" 0 - 5V x 8 bits per ses (2 Modes) #1° required,
30 0 : | = 40 BPS . i
IR Spectrometer ) o 5 o
Spactrometer 15 &) 16 1/2" x 16 1/2" x 2824 15 22210 1 Pigital | 4x10” bits/)loc EE o 1. Power On-Off Roll $/C to a:quire sun i: sensor
’ 1e" X ’ . orbi; (min)} Vert 0,50 F.0,V, tor calibration 3t least
Electronics 15 s} B" x 8" x 12" 2824 1x107 bits/ pet sec once; prefer once/day,
;; . ’ orbit (max)
Brotoesectric frotom.ter " [1] 24" x 14" dia 28:4 4, +~120 o v Yideo 1,0 ¥¥Hz Loc 1 1, Power On-Off Attitude knowledye N "
. 'oe120° 1 | Analog | -1 BPS Vert 2, Fllter Select requiced for pust flignt .v....ticn,
0 - 5V (total) for Miltispectral
Radar lmager - . . N
Antannas (2) 30 [ {118" x 196" x 3" 23 0 f-2t to 4751 2 Digltal | 20 .JPS 217 YAP | I, Power On - Standby - 2 ft, naximum between sncenna and
19.6" x 31,5 x 2" +6 10 120 to +73 Analog agc.. 2% K 0if trane/red
Data Proceesor (4) 8u g 12" x B" % 6" (eay -4 14G 20 to ~75°] 20 g - 5V 20 BPS Loc 21,,05° 2, nitenna deploy
Trans/Rec (2) 160 L 36" x 20" x 12''(2a) - (total) Vert per sec | . (1t required) *
i 270 ] | o 1, Focus/Unfocused
Filn Recorders {2) 80 5 5 Y% x 9" x 18" (ea) | B9 |+5 to +30 HMode Switch
{(Optivnal) Return Dimens. 34 .
9" x " x 37
UV, Spuciroueter 35 0 25" x 11" x 6" ; 2824 24 |-20 to ~40°] 2 Digital | 1600 BPS Loc L, Pover ‘Mm-0ff Spectrometur must wiew ahove
| - each Vert 2. Deplov oy z.o cover lunar “orizon *
or sun cover 1if used
" Biszatic Radar . o . 3 o
Recelver 5 v 6" x 7" x 8,3 S0V, 2 {0 to +50 1 Digital| 10; t» Loc , E30) 1. Power un-otf
Antenna .o ¥ MHe) 10 0 114" x 118" x 3" 2400 Y 10" 8Ps Vert J. Aatenna Depley
Anteona -, Mic. 5 0 s 12 X 13 12" f3uare ;s;ﬁ: (11 req.i.cd)‘
0 o
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the solar wind foll require solar orientation. The laser retro-
reflector requires an earth orlentation, 'The bistatic radar 1is
genarally -compatible with the local vertical orientation mode.
However, the antemnnas for this instrument receive the reflected
wave from the lunar surface resulting from an earth transmitted
signal, Best data will be obtained by orienting the antennas
perpendicular to the return reflected from the lunar surface, an
orientation which changes with orbital position.

Intexrface with the C&SM display and control panel should he mini-
mal, Of the experiments in the C&SM grouping, power on/off
switching 1is the only vraquirement, If the geochemistry experi-
ments are considered as part of the C&SM grouping, then an add-
itional boom deployment function may be required. Subsatellite
groupings of experiments can be operated by use of the sub-
satellite sequence system. '

Environmental control requirements identified to this point in
" the program show a concern for electromagnetic interference,
principally caused by simultaneous operation of experiments and

supporting subsystems, Several requirements, peculiar to speci~
' fic experiments, are seen, The neutron albedo portion of the
geochemistry gxperiment must be shielded from potential neutron
sources, such as the SM propellant tanks, (Note: The propellants
have not been positively identified as sources of background ’
noise. However, an evaluation should be made.) The laser altim-
ater will probably require some spacecraft provided coolant. The
instrument is not designed at this point to dissipate all of the
heat generated within the unit, Operation of the IR mapping
radiometer on the dark side of the moon will require a cold ref-
erence source. Use of a radiator for this purpose is presently
specified, which may present a difficult integration problem.

The experiments listed in Table III.2-3 will require some form of
protection from spacecraft contamination. This is narticularly
true for those experiments operated on the C&SM. Contamination
‘mechanisms and sources are not fully understoocd. However, those
experiments operating at wavelengths approaching the depth of
potential particle laysrs should be protected., Apertures and
~surfaces of all optical systems should be shielded while not in
use, '

[N
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Table IIT.:Z-3

Exp2riment

Requirement

. Metric and Stellar

' Cameras

' Panoramic Camera
Laser Altimeter i

Mass Spectrometer

IR Mapping

- Radiometer

IR Spectrometer

Photoelectric :
T'hotometer

Solar Wind Poil

UV Spectrometer

Laser
Retroreflector

Shield lens; inhibit Reaction Control Sys-
tem during exposure

Same as Metric

Shield aperture of transmitter and receilver
telescopes

Shield entrance aperture from attitude con-
trol jets and known outgassing .

Shield entrance aperture

Protect telescope and mirrors
Shield optics

Protect from acldic atmospheres; do not
expose to rare gases

Protect entrance aperture from attitude
control jets and known outgassing

Shield surfaces from jet plume, outgassing

The orbit requirements of most experiments ars compatible with

an 80km (approximate), circular, low iInclination orbit. While
many of the experiments could obtain more data with a high
inclination, long duration mission, the objectives of most experi-
ments are substantially met using the Apollo orbit., Some excep-
tions can be seen in Table III.2-4.

The crew requirements

for operation of experiments in the C&SM

zrouping are summarized in Table III.2-5. As seen in the table,

with the exceptioa of
on the astronauts are
other experiments are
Appendix A, should it
grouping, Otherwise,
‘or on ground command.
limited to deployment

EVA for data retrieval, the requirements

minimal., Crew requirements'for all

shown in the experiment descriptions of

be desired to include them in the C&SM

these experiments are actuated automatically .
Potentisal astronaut functions are therefore

of experiments ‘and/or subsatellites and

switching on/off. Other functions such as experiment scientific
data monitoring are considered to be options only at this time.
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' Table III.2-4

Experiment Orbit Requirements Summary

o T . { . ; o N
Experiment : Altitude * - Eccentricity Inclination i . Remarks
N 1
 RF Transponder, 600, 100, 50Km ' O to 0.3, altitude 30, 50, 70, 85° | Desires multiple
Laser Retroreflector ' dependent * misslons to
' ' achieve objectives
AC and DC Magnetom- | 100, Varying to| circular changing i 0° _ Initial circular,
eters, Plasma Probe 1000Km - to elliptical . 100Km; boost in.
- ' ! steps to 1000Km
-1 apogee
A v , , o
Gravity Gradiometer 65Km or less zero | polar preferred,
‘ 15° acceptable
, Table III.2-5
Crew Requirements Summary ‘
.Experiment ‘ S Function
Metiic and Stellar Cameras Switch staﬁdby/on/off. Retrieve film at
_ . expariment conclusien,
Panoramic Camera Same as Metric Camera
Laser Altimeter ‘Switch standby/on/off
RF Transponder . None required *
Photoelectric Photometer | Switch standby on/off
Sclar Wind Foil Actuate es¥periment boom deployment, fire
cover squibs, Retrieve foil at experiment
" conelusion. - '
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Deploymenﬁ requirements are sumarized in Table III.2-6 Below. Of
.the experiments in the C&SM grouping, only the solar wind feil
requires deployment,

Table III.2-6
Experiment Deployment Requirements Summary

Experiment Requirement
IR Mapping Radiometer Must extend experiment seo that
‘ , s radiator can view space
Microwave Radlometer Must erect L-band antenna
o (12" x 12% dimensions)
Electromagnetic Deploy two mutually perpendicular
Measurements 1500 ft, dipole antennas
Noise Survey Deploy and extend "V'" or dipole
« antennas (~60 to 120' length)
Radar Tmager Daploy L~band antenna
: (3 x 5 meter dimensions)
Solar Wind Foill Daploy such that foil surface 1is
not shielded from the sun
"|AC and DC Magnetometers Deploy at least 10 feet from space-
' ' craft to minimize interference
Must rotate experiments if space-
: . o craft is non-rotating
Electric Fleld Deploy antenna mechanism, then
extend antenna elements;
antenna must spin
Gravity Gradiometer Deploy gravity meters 15 feet from
' spacecraft ‘

Operating timelines for all experiments are shown in Figure
III1.2-1, . The timelines reflect operating periods which allow
complete coverage of the lunar surface bensath the spaceecraft .
or complete accomplishment of the experiment (as far as mission
.duration and incllnation will permit)., As seen from the figure,
operation of the metric and panoramic caweras 1s not required -
every orbit. In fact, due to slow rotation of the moon and the
wide fields of view (740), the £1lm capacity is not approached
for complete coverage of the area under a 15° inclined orbit of
three days duration. Operation of the laser altimeter is shown
as continuous, zalthcugh its prime function 1s to obtaln altitude
for camera correlation., The accurate altimetry data obtained
‘can be used with other experiments, The radar imager and the
microwave imager cannct operate concurrently. However, some
mutual surface coverage can be achleved uy operating the two

MARYIN mAaRIEYTA CORFPORATION
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Metrie & Stellar Cagera
Panoramic Camera

Rada; or Laser Altimeter
Geochenistry

Ranging Transponder
Solar Wind Foil

IR Mapping Radiomecer

| Microwave Radiometer

IR Spectrometer
Photoelectric Photometer
Bistatic Radar

Redar Imager.

UV Spectrometer

Day 1 : ' ; Day 2 —
—— —f -y r—i
frav——) . (o o | PR
. i
-
,A " g
. |
U, —— ey Fo— — Ping (o P rod gy _ c—-—{ ey —
Solar Oxiented . N 2
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Figure III.2-1 Typical Experiment Operating Timelines
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iaser Retroflector

DC Magnetometer

AC Magnetonmeter
Eiectric Field
Electromagﬁetic Measurg.
Plasma Probe

Mass Spectrometer
Meteoroids

Noise Survey

Low Energy Particles
Solar Energetic Particies
Gravity Gradiometer

R¥ Reflectance

Figure 111.2~1 Typical Experiment_Operégigg Timelines
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instruments alternately on every other orbit since their flalds
of view will overlap. As seen from the scientific roadmap (iec-
tfon IIL.1) an IR radfometer and the microwave radiometer should
operate concurrently,

Ground servicing, checkout and lainch requirements are not well
defined at this point. Some general observations can be made,
however. An optical aligmment facility must be provided to per=-
mit alignment of experiments to the spacecraft and to each other,
All experiments requiring precise alignment will be delivered
with an optical surface which defines the cénterline of the field
of view, Laboratory and checkout space which is temperature and
humidity controlled should be provided. However, no requirement
has been identified for clean rooms. There are a number of
experiments which require deployment due to size and/or operation
location on the spacecraft. An area will be required in which .
to checkout the deployment devices., Pyrotechnic simulators must
‘be provided for vehicle checkout to simulate deployment.

A combined systems test of experiments (or simulators) and the
spacecraft should be planned, not only to confirm system opers -
ating adequacy, but to test interference among simultaneously
operated experiments, Experiment data should be recorded in
these tests to be sure that no experiment affects the data
collected by any other. Contamination covers should be actuated
during ihe systems test and during prelaunch activities,

Feculiar checkout and servicing réqui:aments arve shown in Table
I1T.2-T

Table III.2-T7
Peculiar Ground Checkout and Servicing Requirements

Experiment

Requirament

Metric and Stellar,
Panoramic Cameras

Laser Altimeter

IR Mapping' Radiometer

AC and DC t
Magnetometers

Load film within 3 days of launch,
Maintain film *emperatures. Check
intervalometer, camera operation.

Provide ground cooling 1if experiment
operated more than a few cycles
during checkout.,

‘Provide cryogenics for detector
cooling (or cryogenic heat sink for
experiment. radiator)

"Magnetically clean" area required
for calibration, checkout, Possibly
use manufacturer's facility during
experiment acceptarce for this pur-
pose, Additional study required as
to necessity of degaussing satellite,

MABRTIN MAIRIETTA CORPORATION
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Peculiar subsystem and support requirements are summarized in

Table III.2-8.

Reference should also be mede to the other tables.

of Section III, since some peculiar requirements are shown there
and dre not repeated below,

Table }II.L-M

Peculiar Subsystem and Support Raquirements

4

Laser Altimeter

Mass Spectrometer

| RF Transponder,
Laser Retroreflector
AC and DC
‘Magnetometers,
Plasma Probe,
Electyic Fleld’
Metric and Stellar,
Panoramic Cameras

Microwave Radlometer

Optlonal Operation:

Radar Imager

Microwave Radlometer

T

Spacecraft coolant at 15 + 7° C required.

_Controlled gas emissifon from lunar sur-

face desired (not required),

Spacecraft orbit and attitude should be
unperturbed by onboard systems.

Antennas must be splnning during oper-

ation--spinning subsatellite candidates.

Plasma probe requires accurate sensor
for knowledge of spacecraft-sun line.

Irtervalometer required, either using
spucecraft sequence system or. included
in experiment.

Requires 100 pps timing signal from
spacecraft,

If operated in high resolution. focused
mode, film recorder (or ability to

handle 10'' BPS) required,
be required to retrieve film.

If included in C&M grouping, provision
of on~board processing and display will
permit astronaut to make observations
and adjust antemna scan, FOV, and gain
to obtain data on areas of particular
interest. '

EVA will then

Experiments not operated manually will require control by the

"spacecraft sequence system,

interface with spacecraft timing will be required for experiments
in addition to the microwave radiometer listed above.‘

MARTIN MARIETTA OOﬁPORATION
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TV EXPERIMENT COST AND AVAILABILITY
A summary of cost and schedule daﬁa is presented in Figure IV-1,

These data are based upon the detail cost and schedule astimate
sheets, for each experiment, found in Appendix B of this report.

These data are presented by experiment and portray a cost range
from an estimated minimum to a maximum. Since the quantity of
hardware varies among experiments, the cost should be related to
the hardware required per the detailed estimate. Estimates. have
been influenced by the confidence level gof the organization(s)
contacted to translate the experiment detinition into cost in-
formation., Many experiments are well defined and hardware avail-
. able, while other experiments, not as well defined, require a
degree of conjecture; therefore, the cost '"range" allows'for
this adjustment. ' )

The schedule spans reflect quarters necessary from the order.to
delivery of the flight article(s) for each experiment, For
reasons stated above a schedule mininum and maximum tiwe is
presented,

Various NASA agencies, university personnel, and manufacturers
were contacted in gathering these data. 1In some cases it was
determiuad that simflar items are (1) in use on an existing
satellite, (2) about to be launched on a satellite within the
next six months, (3) in the development stage for a funded pro-
gram, or (4} undergoing a design and feasibility study. One
example of existing hardware is the Laser Altimeter built by

' Control Data Corporation and scheduled to be placed in an Earth
Orbit during the spring of 1969. At the other extreme, the
Gravity Gradiometer Experiment is still undergoing a feasibility
study to determine the technique to be used.

MARRTIN VARIETTA CORPORATION
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Cost Range

Quarters

Experiment $ in Miilions 1 2 1 2 3 4 -1 - 2
' ' Order )
- - Placed Min Masx
Metric und Stellar Camera 5.5 - 7.7
Panoramic Camer: 9.1 - 12.7
lLaser Altimeter 0.261 - 0.313 - :
R dat Altimeter 0.825 -~ 1.285
Geochemistry Experiments 8.3 - - 1..3
Mass Spectrometer 1.2 - 1.5
IR M pping Radiometer 1.0 - 1.4 B
IR Spectrometer 5.0 - 7.0 .
Microwave Radiometer 1.85 -. 5.2 PP R R e L
RF Transponder 0.27 .- 13.33 }
|Bistatic Radar L9 - 1.3 '
Photoelectric Photometer 2.0 - 2.4
RF Reflectoance 9.5 - 0.6 ! , i
Electromagnetic Measurements 2.6 - 3.1 i i "
Radio Noise Survey 0.2 - 0.3 aLAARiEN | |
Radar Imager .3 - 8.9 | | T :
Meteoroids 1.2 - 1.6 :
Solar Wind Foil 0.5 - 0.7 ! % %
DL Magnetometer 2.4 - 0.5 'llumnlﬁ % i
AC Magnetometer 0.35 - 0.46 i i !
‘Plasma Probe 2.0 - 2.4 ; '."",“
Ylectric Field 2.5 - .1 L =
Low Energy Particles 1.2 - 1.7 ' ssaznssndasasenss
Sol..r Ener-etic -Particles 1.0 - 1.5 P
UV Specrromiter 1.6. - 1.9 nanvinng
Liser Ketrowe tiector 8.4 - Q.n ! i
Cravity Grdieveter 2.5 -~ 3.6 un‘nn;uunuhuumﬁuuuummmuum
Total 39,956 - 84,338

I=AT #8ed

Fisure IV-1 Experiment Cost and >thedule Estimate Summary
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V  MISSION CONSTRATNTS
V.l Lunar Covert.:. - U&SM and Subsatellité - The hasic lunar land-
.ing mission is not compatible with total lunar surface survey by
C&SM mountad sovsors, The surtace coverawe from a Lunar Landiug

orbit with up *o 2000 pounds of payload capability and a maximum
time of 3 davs i1s 1 vevry small fraction of the total. Therefore,
subsatellite svstems should be considered to enhance the coverage
through hish Inclinatiors and lony stay times or the extended
viewing of certain lunar sites should be elevated in value above
the total surface coverawe objectives stated at the start of this
program, '

The coverage of the . lunar surface 1s discuessed in terms of general
area coverage, speéific orbit accessibility and the impact on
experiment utilization and specific target coverage. Subsatel-
lite requirements and capabilities are discussed when they vary
from the basic C&SHM. :

The portion of the lumar surface that is asvailable for viewing
is presented in Figure V.1-i as a functicn of orbit inclination
and lunar stay time. A polar orbit with a stay time of about 14
days i required for complete surface coverage. The coverage
areas for the 10.1 and 14.3 day total time missions (1 day and
3 day stay time, respectively) are noted along with the 14 day
~stay time data. An orbit altitude of 60 n m is assumed.

Select the 15 degree inclination that is required for the

Abulfeda landing and establish the lighting such that it is
"favorable to the landing mission. The lunar surface accessibility
for the 10.1 doyv (1 day stay) and 14,3 day (3 .day stay) missions
are shown in Figure V.1-2, "The effect of lighting on expeviment
utilization 1s shown, Experiment utilization is shown in Figure
V.1-3. No restrictions have been assumed on the available time
due to crew duties or spacecraft pointing capabilities and the-
data represent a maximum, Very low percentages of the lunar sur-
face are available to the C&SM on.a nominal landing mission,

To improve lunat surface coverage a subsateliite could be deployed
at high inclinations. The size of the subsatellite is a function

of the propulsion system requirements. The subsatellite propulsive
requirements to achieve a high inclination from the initial C&SM
orbit irclination can be defined from the turn requirements. Figure
V.1-4 presents the minimum turn requirements to achifeve a given
orbit inclination from any C&SM orbit. An orbit altitude of 80 n m
is assumed for the subsatellite data. The turn angle requirement
can-be converted to a velocity increment requirement as shown in
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Figure V.1-5, These data, in turn, can be presented in terms of
the mass ratio required to develop a given velocity incremenr,

The mass ratlo is expresszed as a precent of the subszatellite weight
that must be expeuded in propellant to achileve a given turrn in
Figure V,1-6, Two specific impulse values are noted for compar-
ison. The subsatellite mass shown does not include the ejection .
mechanism to deploy it frowm the C&SM.

The C&SM covera-,e picture for general surface characteristics has
been noted. Subsatellites will improve the coverage characteria-
tics of the system. Now, consider the coverage .ot specific targets
or landing sites for multiple viewing and study. Figure V,1-7
shows the general coverage problem for a circular orbit at 60 n m,
A maximum sensor viewing half angle,”of 37 degrees 1s noted.
Coverage of any chosen landing site is given in Figure V.1-8

as a function of the latitude of the landing site. A sensor view-~
ing half angle of 37 degrees is assumed. The mission plan for this’
coverage is such that the inclination of the orbiting C&SM is only
slightly (less than 2 degrees) higher than the latitude of the
“landing site., Also, the 11llumination angle at the time of lunar
module landing (@ = 70°:83%) is also approximately catisfactory
for camera viewing (@ = 459-759), The illumination angle becomes
smaller at the rate of 12.2 degrees/day due to surface rotation,
Thus the landing site receives satisfactory illumination not only’
at lunar module. landing but at all times thereafter for the stay
times considered.

' Coverage of the lunar landing site starts when the C&SM passes ap-
. proximately over the landing <ite and continues until the landing
site passes out of the field of view of the sensor as the orbit
moves westward. The C&SM orbit is at an inclination slightly
greater than the latitude of the landing site, The number of
-orbits passing within sensor coverage of the landing site (based,
on 74 degrees field of view) ranges from approximately 49 orbits
for a site at 10 degrees north or south latitude to sbme 39 orbits
at 45 degrees north or south latitude, Sirce, however, the 3 day
surface stay time of the lunar module limits the npmber of crbits
to some 36 orbits, it 1id evident that the landing site is withiu
view of the C&SM~mounted camera part of each orbii for entire stay
time. Figure V,1-8 also relates the number of orbits to the
amount of viewing time of the camera. For the 3 day surface stay
time (with 36 orbits), the amount of viewing time varies with

site latitude and inclination of the orbit. For all landing

sites the total viewing time is about 1 hour for a 3 day stay
time.
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The previous coverage numbers assumed that the initial pass is
directly over the landing site or target, In this case only onea
half of the ground viewing circle is available for the coverage
sweep with time since the target starts in the middle of the circle
and will not be viewed once it has moved beyond the circle or
veturned to the center where nominal LM pickup is achleved. Now
consider the case where the target is started anywhere within the
coverage clrcle or as a maximum on the edge of the circle. This
condition tends to maximize the accessibility of the target.

The site longltude and latitude will fall within view of a glven
orbit inclination and nodal position 1f the distance between

the site and the orbit (angle @ ) is less than the radius of the
viewing circle (Y ). The smallest angle, @ , between any orbit
and any silte 18 computed as

A @ = Rim M Ca L —Co M S d Un o
where &/ is the site latitude, 1 1s the orbit inclination, and
A R is the difference between the orbit node, Ae¢ and the site
longitude, A\ ( AR = {2h-R1)., If Q| <« , the arc of the lunar
surface cut off by 7 inecludes the target site, ¢ is computed as

y = Ce,g'[R.?szh M’}’]_ >

where R,, 1s the radius of the moon and h is the altitude of the
orbiting vehicle.

Figure V.1-9 gives the maximum number of orbits with sensor cover-
age as a function of inclination and site latitude., For maximum
coverage, the inclination should be within several degrees of the
site latitude, Figure V,1-9 1is based on a sensor field of view

of 74° and an orbiting vehicle altitude of 60 n m.

When the initial orbit is eastward from the site by exactly ¥
degrees ( @ =¢ ), the coverage is a maximum and Figure V,1-9

can be used, However, when this is not the case, some modifica-~
tions need to be made. For instance, when the initial orbit

i8 over the site, q) = 0 and the coverage C is approximately one-
half of Cypgx. In general,

S . Q

where C is the coverage in orbits, and q> is negative if the initial
orbit is westward from the site. '

The viewing time for the orbiting vehicle can be obtained from
Figure V.1-10 where the parameter Cypx is taken from Figure V.1-9
and qD is computed as above. If the orbiting vehicle is a sub~-
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satellite, there is no stay time limltation on viewing time as
there would be for the L&SM. Also, after approximately l4 days,
the initial conditions are repeated but from & southerly dirsec-
tion 1f the original orbits had been from & northerly divection,
and conversely.
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V.2 Payload/Delta V Considerations - The payload capability is
dependent upon the selection of a specific landing site and mis~-
gion date, The maximum capability is 2800 pounds, This capa-
bility is reduced to 2300 pounds for a landing at Abulfeda (in~
clination asbout 15 degrees). The tradeoffs between payload and
the mission variables are discussed in the following paragraphs,

The payload 1s a function of the veloclty increments required

for lunar orbit insertlion (ILOTL), technique of IM pickup and trans~
earth insertion (TEI), These velocity inecrements, in turn, are a
function of the translunar trip time, and lunar orbit nodal posi-
tion and ineclination required for the mission. For a mission
where the principal objective is a lunar landing the nodal posi-
tion and inclination are established by the landing site location
and technique of LM pickup, For any case the velocity increment
is minimized by utilizing a three impulse technique that employs
a highly elliptic initial orbit for plane changes before achiev-
ing the final circular orbit.

Consider the landing site location and its effect on the mission.
Twenty landing sites have been identified and are shown in Figure
V.2-1. These sites are:

1. Littrow 11. Schrdter's Valley
2. Hyginus 12, Aristarchus

3. Tycho 13, Dionysius

4, (assendi 14, Sea of Alexander
5. Censorinus 15, Tobias Mayer

6, Abulfeda 16. Copernicus C

7. Rima Bode 17. Marius Hills

8, Mézting C 18. Hadley Rille

9. Fra Mauro 19, Alphonsus

10. Hipparchus 20. Harbinger Mountains

The flrst four sites have been designated by NASA-MSC as those of
primary interest, Data for Abulfeda are included as a comparison
baseline to take advantage of the extensive site analysis already
completed for this site, For specific trip times, a nodal posi-
tion can be defined that will yield a minimum LOT velocity incre-
ment, Similarly the maximum LOIL velocity increment 1is associated
with a specific nodal position. The positions of the descending
nodes for these limiting cases and a three impulse insertion tech-
nique are also shown in Figure V,.2-1, The surface traces shown
are representative of 60 n m orbits at an inclination of 30 deg.
Data are shown in Figure V.2-1 for total translunar trip times of
84 hrs, 96 hrs and 108 hrs. This total tlme includes the time

in the arrival ellipse that is a part of the three impulse tech-
nique and corresponds to actual trip times of 66 hrs, 72 hrs and
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78 hrs respectively. The nodal positions will not change with
inclination and can be elther ascending or descending nodes, The
corresponding ascending node picture can be achieved by a rota-
tion about the lunar equator, These data do not reflect a re-
quirement for free return trajectorles since the study was not
constrained in this way.

The magnitude of the LOI veloclty increment (three impulse tech-
nique) 1s presented in Figure V,2-2 as a function of inclination.
The data are presented for nodal positions yielding minimum and
maximum conditions and it 1s apparent that the nodal position is
a significant factor In the energy requirements at high inclina-
tions, Trip time Is also a factor with increasing trip times
resulting in reduced energy requirements.

The transearth insertion (TEI) velocity increments will be simi~
lar to the LOI increments. For stay times of about three days
the maximum TEI increment will occur with the maximum LOJ incre-
ment and the minimums will occur together. The orbiting weight
equivalent to a change in the veloclty increment can be computed
on the basis of about seven pounds per fps for LOIL and three pounds
per fps for TEI. Specific site analysis, then, will define the
veloclity requirements and the attendant payload capability in
lunar orbit. Two approaches that are different in the LM pickup
technique have been investigated in determining the payload cap-~
ability,

The first method considered consists of picking an initial inelin~
ation that passes through the lunar site of landing and utilizing
a plane change for IM pickup that Iincreases with stay time. The
mission profile would show a wailt of i8 hrs after LOI for check~
out and landing preparations., At the end of the wait the site
would pass under the orbit plane and the IM would descend and
land. A stay time of three days is utilized and the lunar rota=~
tion has moved the landing site out of the orbit plane. A final
orbit inclination 1s determined that passes through the landing
site and intersects the orbit plane at a minimum turn angle. This
1s the plane change required for IM pickup., Alseo, the Initial and
final orbit inclinations are determined (graphically in most cases)
as well as the initial and final orxrbit nodal positions.

The plane change maneuver 1s presented in Figure V.2-3 as a function
of stay time and CM orbit inclination for a lunar orbit altitude of
60 n.,m., Two speclific stay times are noted to provide a comparison
between the requirements for the 10.1 day and the 14.3 day mission,
The landing site 1s assumed to be Abulfeda,
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The LOI and TEI velocity dncrements are evaluated from Reference
1 which assumes that the three impulse technique 18 used. Pro-
vision 1s made for the pickup plane change and adjustment is made
for midcourse corraections and a IM rescue mode of operation. The
final veloclty requirements set the propellant needed and the
resulting payload avallable for sclentific experiments, For a
landing at Abulfeda this method yields a payload of about 1700
pounds.

This approach allows for any orbit abort within its nominal per=-
formance. The plane change Increases to a maximum at the nominal
departure time; therefore, early IM pickup requires less energy.
However, an abort results in a shorter mission time and nodal pos=~
itions displaced from the nominal case., Depending on the choice
of landing sites the new departure node could result in either
higher or lower TEL velocity increments, The capability of any
orbit abort, then, will require a payload penalty for some land-
ing sltes or possibly the provision for walting in lunar orbit

for the nominal departure time,

The second method is faster computationally than the first and

is generally less restrictive in terms of payload. In this case,
an orbit 1s determined that passes over the landing site both
initially and at the nominal IM pickup time. No pickup plane
change 1s required for the nominal flight plan., However, a small
plane change is required for any orbit abort. The initial and
final orbit inclinatiomns are the same and slightly greater than the
latitude of the landing site, This condition Iis noted in the fol-
lowing sketch,

Site

E\\~— Lunar Equator
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The initial and final nodal positions can be determined from
simple expressions that are dependent only on the longitude of
the landing site and the lunar surface stay times, The equations
for the inclination required are:

Sin L = Sin A/ (inclination)
Sin w

where w = (90-x) and

Sin x = Cos A/ Sin OA
2

The initial node can ba determined from:

Q, = Longéite ~ 90 + AA (uncorrected for wailt time after
2 10T)

The final node:

R, = Long, pe = 90 ~ _8A (uncorrected for wait before TEI)
2

Knowing the inclination and initfal and final nodal positions,

the velocity Increments for LOI and TEI can be determined from

the parametric data in Reference 1, The payload capability for
a specific site can be defined.

This approach 1s more consistent with the data and assumptions

of the existing Abulfeda site analysis and 1s the technique used
for the investigations of this report. Any orbital abort requires
a small plane change which 1is assumed to be achieved by utilizing
the IM rescue mode propellant in the C&M. The abort will shift
the departure nodes and will affect the TEL velocity increment.
Depending on the site chosen, the TEI velocity increment will
increase or decrease and may require an additional payload pen-
alty. This condition can be alleviated by waiting in the lunar
orbit for the nominal departure time,

Based on the second method, specific payload penalty curves have
been determined and are presented in Figure V,2-4., A stay time

of three days 18 assumed and nominal IOI and TEI velocity incre-
ments are utilized., The node positions allow for the initial

wait between IOI and landing and the final wait between IM pick-
up and TEI. Any site along the equator is accessible without pen-
alty. As the site latitude is Iincreased north or south, the cost
in terms of payload penalty increases., A basic capability of

2800 pounds of scilentific payload is assumed for equatorial orbits,
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The payload penalty 1s subtracted from this value. At Abulfeda
a payload penalty of 500 pounds 18 noted resulting in a payload
capability of 2300 pounds. The maximum payload penalty of 1680
pounds reflects the maximum propulsive capability of the C&SM
based on the welght as presented in Table Vil-l. Arcas outside
of the 1680 pound envelope are not accessible under these con~
straints, The data are cross-plotted Iin Figure V.2-5 to indilcate
the effect of inclination on payload penalty for the most favor-
able landing site location and least favorable landing site long-
Ltudinal locatlon., It gshould be noted that the IM pickup tech-
nique chosen establishes the inclination for a specific site at
an angle slightly larger than the value of latitude at the site,
Lunanr orbit inclination Is not freely wvariable in this case,
Should other inclinations be desired the landing site must be
changed or the LM pickup technique must be changed resulting in
new LOI and TEI wvalues,

Specific payload data are presented in Table V.2-1 for an Abul-
feda landing, The data assume a heavy IM weight to account for
the extended mission time (three day surface stay). This assump~
tion requires the C&M to bring the IM to an 8 n m orbit for de-
scent and landing and necessitates a C&SM transfer from the ini-
tial 60 n m circular orbit to the 8 n m circular orbit and back
to the 60 n m circular orbit, Two sets of numbers are shown to
compare MMC and NAR data, The only significant differences are
in the LOI and TEI velocity increments which can be attributed
to differences in the accuracy of reading parametric data (MMC)
and speclfic case computations (NAR)., NASA-MSC has directed the
use of the NAR payload data,

Reference:

1. "Lunar Orbital Survey Missions," Final Report, Volumes I,
II, and III, Lockheed Missiles and Space Company, 16 January
1967.
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Table V.2-1 Payload Comparison Abulfeda

M MC NAR
i~ (DEG) 1 4.85 1 5.00
AV(on —~ FPS 2903 2871
AV (TED ~ FPS 3625 3456
Wem -~ LB 23805 33805 |
Wsw -~ LB 25000 25000
Wang) ~ LB 39165 99165
ISP - SEC © 313 313
AV(Hvy-LM) ~-F PS 290 290
WrayLOAD) - L.B 1900 2300
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V.2 CRE4J SYATEMS

The impact of one-man CM operations in orbit during phese 11.0,
Lunar urtace stay, wns investigated for both the 10.1 day and
the 14,3 duy mission.., Very limited crew time, only .’-3 hours
would be available during the 10.1 day mission for science experi-

menis., 'Tne 1,3 day mission provides a nominal 7 hours in lunar
arvit aud permils perlodic cycles tror {1/C systems management and
IM support tnsks to provide L’-15 hours crew time for identiried

10 experiment tasks. Candidate LOS experiments require crew part-
feipation thnt involves primarily experiment switching, tasks and
EVA data retrieval at the end of the mission. Manual control of
all experiment on~of! cycling is not recommended, and automated
experiment control to assist the crew is necessary. The recommended
3/C attitude is "streamlined" (x-axis parallel to velocity vector)
with the C&3M -Zaxis at local vertical. This choice permits crew
vigibility of the ground track, but requires canted orientation and
mounting of Sector I LOS experiments. The most feasible time for
EVA dats retrieval is during trans-earth coast. The EMU/PISS,
already provided for the ILunar Surface mission, should be reused
to minimize overall mission weight and stowage requirements. Since
primary mission contingencles may cause cancellation of EVA, alter-
nate data retrieval techniques should be investigated.

V.3-1L Crew IVA - The Lunar Orbital Science (105) mission super-
imposes selected experiment management tasks on the reference
Apollo Mission n (lunar landing) crew operations. Throughout this
study the primary objective of a successful lunar landing mission
was considered for new landing sites and experiments. The 103
crew operations must complement the lunar landing mission while
satisfying the sclence experiments requirements. Crew IVA is
restricted for the science experiments to one-man CM operations
during lunar orbit while the IM and two crewmen are on the lunar
surface.

During one-men CM operations in lunar orbit, the CM pilot must
manage the C&SM, support the IM, and support the LOS experiments
while continuing the established crew work/rest cycle at Lunar
Orbit Insertion (IOI). Critical mission events just before IM-
undocking and after the lunar orbital rendezvous period preclude
major adjustments to the required S/C tasks and crew work/rest
cycle to accommodate LOS operetions.

Crew experiment tasks are dependent upon the scientific experiment
grouping considered. For the IOS mission, the experiment groupings
fall into two categories: C&SM mounted, and sub~-satellite mounted.

After a sub-satellite is placed in lunar orbit (post-LOI), the

CM pilot would have no active control over it. Any required sub-
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satellite run-tions would be controlled by MSIN/DSIF commands.
Theretors, ~mphasis in the study was placed on C&3M mounted
~xperiment:s. Tn order to insure the greatest experiment groupilng
'lexibility, crew,/experiment operations and interfaces were investi-
vated tor all candidate 10S experiments. The crew/experiment tasks
are summarived in Table V.3~1 for C&SM -mounted experiments. Table
Vvs3- shows these interfaces for sub-satellite-mounted experiments
ghould they be placed in the C&SM,

Figure V.3-1, Gross Mission Timeline for Lunar Orbital Period, shows
those mission and experiment events that Impact the CM pilor, The bar
graph indiceatee those critical mission periods when the CM pilot
would be fully occupied. Obviously, independent switch functions

for On/Off cycling of experiments are excessive for manual control
and monitoring by bhim, even during less critical mission periods.
Those experiments requiring this regular cycling should be provided
with on-board timers pre-set by the CM pilot or by ground commands

to relieve him of these repetitive operations. Crew participation

in such activities should be limited to primarily backup or select-
ive control and periodic updating of automatic sequencing functions.
The regularity of experiment on-off cycling lends 1tself to various
solutions from relatively simple intervalometer type controls
monitored by the CM pilot to computer-sequenced operations requiring
1ittle crew participation. MSFN/DSIF command control of experiment
on-off functions may provide a simpler alternative to completely
automating the on-board experiment. Experiment sequential timing
functions could be integrated into the individual experiments

or made part of selected experiment group sequencing functions.
Integrated experiment group control would be preferable if the

CM pilot is required to update, set or otherwise perform simultaneous
control functions. Controls and displays should be portable utilizing
inflight disconnects that could be abandoned in the IM after completion
of the Iunar experimentation program. Experiment panels may need

to be carried in from the IM and mounted temporarily at the center
‘couch area near the main C&D panel 10 permit simultaneous operations
by the CM pilot of S/C end experiment operations while maintaining
out~-the-window visibility of the Iunar surface.

-All TVA for the LOS mission 1s based on evaluation of minimum
necessary crevw interface with the LOS experiments because of the

crevw time commitments to the primery lunar landing mission. Increased
crew utilization in some areas 1s desirable including more effective
camera film usage. The metric cameras carry considerably more film
than can be usefully exposed over the ground track as now planned
(each 4th orbit). Crew options to photograph targets of opportunity
on in-between orbits would permit Increased usage of the available
1200 frames from 50% to 75%-80%.
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TABLE V.3-1. CREW/CM/SM/EXPERIMENT TASKS

TARGET ALIGN. OR | CREW CREY MON. ™MU DATA RETRIZVIL ATTITUDE AND
EXPERIMENT | ORIENTATION | CAL. REQ'D | CONTROLS REQ'TS REALIGN REG'T2 POINTING REQ'TS
DISPLAYS
Metric and | Lunar Yes, check | Pwr XCNE Yes Retrieve film ~ttitude nold - 9
Stellar Surface alignment | On/Off cassettes i nre. ‘eman uth
Camera (Iocal ty photo- ? reit - lnr. in dsy
Vert.) graphing verind 4 20, 4
star L..3% s T
fields !
I
Panaramic Lunar No Pwr NONE No Retrieve -ilrx ' Attitude rold - 2
Camera Surface On/Off cagsetites krg /1 nr-da 1; *
{ local zr-da.2; 1 nr-da.?)
Vert.) iZo; +0.059%/sec.
Photo- Lunar No Pwr NONE Yes NCNE szsitude holi-18
electrice Surface On/Off ~rs '2very 2nd
Photometer | (Local crrit-day period’
Vert.)
laser Lunar No Pwr NONE Yes NONE Attitude hold -
Altimeter | Surface On/Off continuous
(Local (72 ars - nominal
Vert.) +29; 40.0.5%/sec)
RF Farth No Pur NONE No NOWE NONT
Trans- On/Off !
ponder
Solar Sun No Boom KONE No Retrieve foil Talar + 15° for
Wind Ext/Ret L rs.
Foll Foil
Ext/Ret
Radar Lunar No ON/OFF NONE Ko Retrieve film |+ 1° Y&P; + 2CR;
Imager Surface Antenna - -
+ J..50 ser,
(Local Deploy -
Vert.)
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TABLE

V.3-2 - CREW/EXPERIMENT TASKS

ALIGN. OR CREYW CREW MOW. | DATA ATTITUOE %
FXPERIMENT ORIENTATION CAL REQ'D | CONTROLS/ REQ'TS. BRETRIEVAL { POINTIE RFQ'TS
DISPLAYS REZ'TS.
Meteoroids Space (Not No Dyr ON/OFF Nons None f3gt-savelliite)
Critical}
Jeocheristry Lunar Surface |No Pur ON,CFF None None ‘Iut-catellie)
Eoor derley
IR Mepping Rediometer Iuanar Surface |No Deploy Fxper. | None None "Zut-setellize)
Mass Spectrometer Lunar Surface |No Pwr ON;OFF None Hone "Iut-satelliite)
Seal Cover
Deploy
IR Epectrometer Lunar Surface | No PWR ON/OFF None Rone (3ut-satellite)
MW Rediometer Lunar Surface | Nc Pur ON/CFF None None {Zub-satellite)
RF Reflectance Lunar Surface | No None None Kone !3ut-sztellite)
BI-Static Radar Iunar Surface | No None None None (2yp-satellite)
Radar Altimeter Lunar Surface | No Pur ON/CFF None None {Sut-satellite)
Antenna deploy
Flectromagnetic Mees. Iunar Surfeace { No Antenna deploy | Ncne None "Tut-satellite)
Noise Survey N/A No Pwr ON/OFF Kone None "Iub-satellite)
Bw Change
Ant. Orient
% errection
Magnetometer (DC) Any No None None None 'Zut-savellite)
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TABLE V. 3-2 - CREW/EXPLRIMENT TASKS - (Continued)
TARGET ATTIGN. OR CREW CREY MON.| DATA ATTITUDF %
EXPERIMENT ORTENTATION CAL REQ'D | CONTROLS/ RFQ'TS, RITRIFVAL | POINTINT REQ'TS.,
DISPLAYS RFQITS.
Magnetometer {AC) Any No None None None (5ub-sniellite
Plasma Probe Any Yes Pwr ON,OFF tone None f>ub-satel’iie)
Data Record
Deploy
K lectric Field Lunar Zuriface | No Pur ON/OFF None None {cub-satellite’
Antenna deploy
Low Energy Particles N/A No Pwr ON/OFF Hone None (Sub-setellite)
Deploy
Covers
Solar Energetic N/A No Pwr ON/OFF None None (Sub-satellite)
Particles Deploy
Covers
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Experiment data may be enhanced by increasinyg the crew participation

in the Microwave Radiometer experiment. Color maps of the Lunar

surface vicwed on a color Cathode Ray Tube in real time by the CM

Pilot could revenl interestiing phenomena thaet would be selectively
investigated in preater detall on succeeding orbits. Through repeti-
tive obvservatlons, the M Pilot could distinguish small changes in color
(indicating temperature changes) and correlate these with information
t'rom optical or radar sensors. An on-boerd color CRT monitor would

be required in the CM as part of the carry-on control and display.

V.3-2 Crew Visibility & Spacecraft Orientation - The recommended S/C
orientation 1s "streamlined” (local vertical with -7 axis toward

nadir). This attitude is chosen from the several alternatives

available to provide crew visibility of the ground track and Lunar
Landing site through the docking windows while minimizing RCS propell-
ant usage for attitude control. Rolling the SM Z.-axis away from the
local vertical (e.g. to allgn Sector I center line with the ground
track to simplify experiment mounting) introduces cross-coupling

into RCS thruster firings causing more complicated crew maneuvers

and less efficlent propellent usage. This S/C orientation and visibility
footprint is shown in Figure V.3-2. As indicated the SM Sector I center-
line is aligned 38 degrees off the ground track, and experiments located
in Sector I must be mounted to accommodate this offset position in
order tc polnt the -7 axis toward local vertical. Crew visibility

of the nadir is not possible unless the C&SM is pitched downward.

While this pitched attitude is not recommended for orbital flight, it
remains as a crew option anytime viewing the nadir 1s necessary. In
the "streamlined" attitude the near edge of the visibility footprint

is 60 NM downrange. Pitching mesneuvers to bring this visibility
footprint nearer to the nadir would interrupt 10S experiment ILunar
Surface { local vertical) pointing and should be performed only as
required,

The nose down S/C attitude is not considered acceptable because 10S
experiment mounting in SM Sector I would be seriously complicated.
The in-between attitude, pitched 45 degrees toward the Lunar Surface,
provides the optimum crew visibility, but also causes cross-coupling
of the RCS thrusters and spacecraft interference with 105 experiment
field of view in Sector I.

In Figure V.3-2, the visibility footprint is shown for the right
couch docking window. 1In one-man lunar orbit, a crewman in

either the left or right couch could control the S/C with little
change in crew visibility. If the FDAI (Flight Director Attitude
Indicator) is required by the crewman, the left seat would be used.
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Tn making this analysis, the Weber couch modification in the CM
wag assumed to have minimum impact on the eye poasitions formerly
specified f'or boost and entry, and docking.

To maintain the local vertical, "streamlined", orientation within
the + 1° attitude constraints required by the 10S experiments, the
spacecraft must be manually controlled using the ORDEAL system with
attitude reference from the Stabilization Control System (SCS).
Automatic stabillization utilizing IMU reference is not feaslble due
to the power-down requirement for the IMU in orbital flight. High
drift rates for the SCS attitude reference (approximately 2°/hr)
require that the Gyro Display Coupler (GDC) be re-aligned each
orbit. This is most simply performed using the Crew 0:tical Align~
ment flight (COAS) and the lunar nhorizon. Manual S/C control is
not acceptable for long periods, as required by certain LOS experi-
ments. Addition of an automatic pltch programming capability is
required for local vertical control.

V.3.3 EVA Data Retrieval - As presently concelved, ILOS experiment
payloads mounted in the C&SM require EVA date retrieval prior to
earth return. EVA requires all three crewmen to be aboard the CM,
limiting FVA opportunities to lunar orbit after the surface mission
while the CM and IM are jolned or to the trans-earth coast period
after the IM has been Jjettlsoned. Crew safety dictates that no EVA
be performed from the CM during lunar orbit except in emergency
gituations. Uncertainty of equipment functioning after depressuriza-
tion/repressurization and crew fatigue factors after lunar surface
stay warrant no other choice. If EVA were performed from the IM
prior to IM-jettison, an additional day in lunar orbit and & much
more complicated external surface traverse to SM Sector I would be
required for data retrieval. In view of these considerations, EVA
for LOS data retrieval durlng lunar ortit 1s not recommended. No
plan to retain the IM during TEI is considered due to limited SES
propellant for the earth return maneuver.

The EMU/PISS already carried for the lunar surface mission is recom-
mended for the I10S data retrieval EVA to minimize overall mission
weight and volume stowage requirements. Even though long, high pres-
sure oxygen and water umbilicals offer certain advantages, the
required CM mcdifications 10 accommodate the umbilicals and water
cooling, and the additional boost stowage of the umbilicals and
Pressure Control Units (PCU) cause the concept to be discarded.

PISS refilled from the IM EC3 are required for both EVA crewman so
that the backup crewman may egress the CM, 1f necessary, to assist
the primary EVA crewman.
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Figure V,3-3 shows the general configuration of EVA required. The
CM wou'ld remain depressurized throughout the EVA, The EVA crewman
would proceed over the SM surface to Sector I, backed up by a 2nd
standby crewman in the CM crew hatch. The 3rd crewman would monitor
the CM systems.

Access to Sector I from the CM would be provided by a deployed hand-
rall mounted on the SM with a short telescoping sectlon to reach

to the CM main crew hatch. Fixed handholds at the access openings
and fixed handholds on transfer packages are recommended rather

than use of portable handholds. Since the film cassettes and solar
wind foil requiring EVA retrieval are in the 5 to 65 1b. mass range,
they should not require more complicated transfer aids.

In the study of EVA concepts for the Apollo Experiment Pallet (AEP),
Martin Marietta evaluated,through 6 degree of freedom simulation,
various concepts for retrieving data cassettes from SM Sector I.
Results of these studies showed the feasibility of EVA maneuvering
from the CM main crew hatch to Sector I and return via a deployed
handrail and handholds. Evaluation of the transfer of similar size
data cassettes resulted in selection of these deployed handrail

and handholds. More complex transfer alds are considered unnecessary
for the EVA operations required. Since LOS experiment data retrieval
is very similar to that evaluated in previous AEP simulation, results
are applicable to the planned I0S EVA operations. Subsequent to work
in AEP, the results of Gemini EVA's on flights 9 through 12 provided
substantial neutral bouyancy and aectual space flight data on the
utility and design of handraills, work site tethers and restraint
devices.

In the mainline Apollo and AAP programs, continued neutral buoyancy

and KC-135 simulation has refined the criteria for deslgn and effective
use of handrails, restraints and tethers during surface translation

and data retrieval.

Detailed analysis of the specific handrail, tether, and other EVA
‘equipment devices would follow the preliminary vehicle/experiment
configuration. Figure V.3-4 shows a typicel timeline for EVA during
trans-earth coast.

Although EVA data retrieval during trans-earth coast is feasible,

the value of the data to be retrieved seems marginal in terms of
possible jeopardy to the completion of an already successful lunar
landing mission. It is strongly recommended that alternative methods
not requiring EVA retrieval be considered. Fllm chutes may be designed
to return exposed film to a cassette attached to the CM or even
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into the CM itself., Alternately, the weight penalty should be
investigated for a separate reentry film pod that could be
injected into earth eniry from the SM prior to SM Jettison

upon earth return. Thie concept would take asdvantage of the
techniques for film return presently in use from earth orbiting
satellites where 'ilm pads ere snagged by alrcraft after reentry.
The solar wind foll could be munually deployed and recovered on
the lunar surface during IM surface operations obviating any
requirement f'or EVA retrieval.

V.3.h CM Boost/Reentry towage Requirements - Experiment and
LOS mission peculiar crew equipment required to be stowed in the
CM is shown in Table V.3-3 CM Stowage Requirements. These
stowage requirements are based on the recommended concept for
EVA datae retrieval,

BMARTIN BIARIETTA CORPORATION
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Table V.3-3
CM Stowage Requirement

Equipment No Est. Wt. Size (in.) Volume Boost Entry
1. Portable Life Support 2 Charged-86.1 26 x 17.8 x 10.5 4,850 in3 X
System (PLSS) Unchgd -66.0
2. Safety tether 2 10.0 1.6 x 0.75 x 30 ft 450 in3 X X
3. Metrlc camera film 1 21.0 7 x 8 dia 56 {n> X
cassette
4, Stellar camera f£ilm 2 6.0 4 x 7 dia 28 in3 X
cassette
5. Panoramic camera 1 65.0 6 x 20 dia 120 in3 X
6. Solar wind foll 1 0.25 36 x 1.5 dia 60 in3 X
7. Film canister 1 5.0 9x5x3 135 in3 X

(radar imager)*

*-Experiment may not be on CM/SM

l
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VI S JBSYSTEM DESIGN REQUIREMENTS
VI.1 DATA AND COMMUNICATION SYSTEMS

The data system capability of four possible carriers (C&SM, Lunar
Orbiter, AIMP, and Ploneer) was compared to the experiment require-
ments derived from responsible sclentists and Lndustry sources,

The aralysis helow is based on a representative set of grouplngs of
experiments presented to North American Rockwell in August, 19¢8,
For these groupings, the general type and level of modification
requlred to eaclh of the four carriers was determined,

The integration of the experiments into a carrier in almost every
casv resulted in a modification, (ranging from a 40% redesign

of the Lunar Orbiter system to a complete redesign of the AIMP)
requiring addition or replacement of some portion of the data
system. A summary of these modifications is presented in Table
VI.l~1, based on the experiments of Table VI.l-2, This table fur~
ther verifies that the changes required are dependent upon the
mission experiment grouping. The major components affected are
the data storage system, the modulation system, the PCM multi-
plexing system and the wiring and distribution of commands. The
prime areas of concern are the multiplexing of digital data and
the storage of high bit rates data (up to 60 kbps) for up to two
hours. Further definition of hardware required to accomplish
these tasks should be studied in future programs.

VI.1l-1 Stable Satellite Analysis - Lunar Orbiter - The basic Lunar
Orbiter satellite contalns a telemetry (T/M) system capable of trans-
mitting 50 bits per sacond PCM and 250 kilo hertz video data plus a

38 KHZ pilot tone over an S-band carrier frequency. The satellite
also has a receiver which is used for receipt of commands and coherent
ranging when used In conjunction wich the T/M transmitter. The 50 bps
data are used for monitoring analog and bilevel measurement of satel-
lite performance, command verification, f£light programmer data and
mlicrometeorold detectors, Removal of the micrometeoroilid detectors,
the photographic system, and redundant measurements will provide ca~
pacity for approximately 300 bits of data at very low sample rates.
Removal of the photographic system also provided the RF link for wide~-
band inputs, The Lunar Orbiter system I8 incapable of handling serial
digital bits, and with its low bilt rate, the capability of handling
experiment data without modification to the data system is limited.

To establish the level and scope of modifications required to the
Lunar Orbiter several expariment groupings were reviewed and their
impact on the system ascertained. Figure VI.lL-1 is a system which
results from the four sample grouplings of Table VI,1-2., The experi-
ments cons idered and thelr data rates are enumerated on the figure,
This system will accommodate all the experiment data. The basic
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TASLE VI.1-1
SUMMARY OF DATA SYSTEM MODIFICATIONS REQUIRED TO IMPLEMENT EXPERIMENT

GROUPINGS PRESENTED

STABLE SATELLITE SPINNING SATELLITE C&SM
PIONEER AIMP GROUP I GROUP II
LUNAR ORBITER| WSIGHT|{ PROPOSED | PROPOSED| WEIGHT | PROPOSED | WEIGHT | PROPOSED WEIGHT
MAJOR COMPONENTS PROPOSED MOD POUNDS MOD MOD POUNDS MOD POUNDS MOD INCREASE
Antennas & Ant Ckts No Chg. 14,95 New New 5.02 No Chg.| ------ No Chg.| cewecwes
Traveling Wave Tube AmpjNo Cng. 5.5 New New 1.69 No Chg.| -===~- Ne Chg.| ==~--=
Transmitter No Chg. [> New New 1.32 No Chg.!| ~~=m-- No Chg.| =-==~=-
Modulator New 4.0% New New 4,0% No Chg. | ~—==-= New in G, 0%
SM
Command Receiver No Chg. [:> Minor New 6.13 No Chg. | —==--- Nc Chg.| ==~==--
Mod
Command Decoder No Chg. 6.42 Minor New 5.644] No Chg.| ---=--- No Chg.| eeewe-
Mod
Command Decoder Driver |No Chg. [:> Minor New E;> No Chg.| ~--=-- No Chg.}] =-~==-
Mod
Transponder Circuits No Chg. 12.18 Major New .5% No Chg.| ~~==~- Nc Chg.] ====--
Mod
Data Storage System New 20.0% New New 20% New in | 20% 2-New 40%
SM
PCM Encoder/Digital Pioneer 18.46 New New 10.0% New in 10.00*% | New in 10.00%*
Multiplexer or Equiv. SM sM
Signal Conditioning New 1.5% New New 5% New in 1.5% New in 1.5%
SM SM
Timing (Time of Day) New D New New 1.5% No Chg.| =~-=-- No Chg.| ===~~~
Wiring & Controls Ckts (Major Mod 20% Major New 20% New in 20% New in 20%
Mod SM SM
Command Distr. System [|Major Mod 3% Major New 3% New in 3% New in 3*
Mod SM SM

€1T-veud

2-TA 98eq

*Estimated

NCTE:

Et} Included in Transponder

See Table VI.1-Z for experiments included above.

@ Included in Command Decoder
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TABLE VI.1-2

SAMPLE EXPERIMENT GROUPING - INPUT TO NORTH AMERICAN ROCKWELL

AUGUST 1968

Command and Service Module

Sabsa!

2llite

Group I

Group II

Stable

Spinning

Metric & Stellar Camera
Panoramic Camera
Photoelectric Photometer

Geochemistry
Experiments

Laser Altimeter

RF Transponder

Solar Wind Feil

IR Mapping Radiometer

IR Spectrometer

Microwave Radiometer

Metric & Stellar Camera

RF Reflectance

Bi-Static Radar
Radar Altimeter

RF Transponder

Radar Imager

UV Spectrometer

Mass Spectrometer

Retroreflector

Electromagnetic
Measurements

Radio Noise Survey

Meteoroids

Geochemistry Expts,

Radar/Laser Altimeter

RF Transponder/Laser

Gravity Gradiometer

!

. DC Magnetometer

, AC Magnetcmeter

Plasma Probe

Electric Field

Low Energy Particles

Solar Energetic Particles

Meteoroids

i RF Transponder/Laser
‘Retroreflector

i
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data, command, rauging and transponding systems are left intact,
The analog data from the experiments would be encoded to asix bit
resolution and sampled at one sample par sixteen or sixty-four
frames. The encoder would provide synchronization and clock
signals to the experiments to provide the correct cycling of data
into the PCM main frame, The data storage system would be
capable of recording data for two hours with a playback speed of
10:1. Three data tracks wou.d be required and the recording
speed would be 1-7/8 ips or less since the data rates are very
low.

The modulator and modulation select logic system would contain
the circuitry required to place the incoming data on separate
subcarriers, and provide mixing and signal conditioning of the
proper signal for input to the transmitter. The configuration
changes required to implement this grouping are noted in Table
VI.l-1,

VI.1-2  gSpinning Satellite Analysis - Pioneer - The basic
Pioneer satellite data system has the capability of transmitting
real time and stored data at bit rates of 512, 256, 64, 16 and

8 bits per second. It has four PCM mailn frame formats for ana-
log and digital data plus two subframes for uousekeeping data
which are multiplexed into the selected main frames. The system
output is bi-phase modulated ontoc a 2048 hertz (HZ) subcarrier
which then modulates the S=-band carrier of the transmitter., The
satellite also contains a command and transponder system for
controlling operation of onboard systems and doppler tracking
of the vehicle (Ranging is not available). Each main frame
contains 26 words that are available for experiment data, Bach
word is seven bits long (six data plus one parity bit). Using
the maximum bit rate of 512 bps provides 355 bps for experiment
use, The Pioneer data system as described does not have the
capacity to transmit realtime and stored data simultaneously,
nor does 1t contain a ranging system. Adaptation of this sytem
to a partlcular experiment grouping presents the same type of
problems as noted for the Lunar Orbiter, Figure VI.1-2 presents
a data system configured to manage the data from the experiments
presented in Table VI,1-2, The total bit rate to be handled
(3,150 bps) is much greater then the 355 bps available; there-

" fore the system requires the addition of new hardware., Table
VI.1l-1 summarizes the changes required to satisfy the experiments,

The basic Pioneer System transmitted 2048 Hz signals over its
S=band link. Therefore the bandwidth of the transmitter, TWI's
and antennas, if optimized to this signal, will not contain
sufficient bandwidth to handle the playback data. Modification
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or replacement of these components would be required, The tape
storage system would require 3-3/4 ips recording speed, with a
10:1 playback ratio. The PCM encoder would have data capacity

as noted in Figure VI.1l~2 and the modulation system would perform
the same function noted for the Lunar Orbiter modulator. A major
modification of the transponder circuits would be required to
provide capability for ranging, to support tracking and experi-
ment functions, The modifications required on the Ploneer are to
a greater level than those of the Lunar Orbiter but the basic
approach to handling the data is the same.

VI.1-3 Spinning Satellite Analysis ~ Anchored Interplanetary
Monitoring Platform (AIMP) ~ The basic AIMP satellite telemeter
utilizes pulse frequency modulaticn and was designed to provide
telemetered data at distances up to 600,000 KM. This system
utilizes VHF frequencies (136 & 142 MHZ) for ranging, commands,
and transmission of telemetered data. The system is capable of
encoding analog data and multiplexing digital data. Both data
are then pulsed frequency modulated onto the carrier utilizing
frequency bursts which have an equivalent binary value of four
bits.

The T/M output is composed of frequency bursts that are equiva-
lent to a sequence of 1320 digital data bits, 974 analog data

bits and 128 snychronization bits which require 81,92 seconds to
transmit, resulting in an average bit rate of 29.6 bits per second.
The data experiment requirements for the AIMP and the Pioneer

are the same (see Table VI,1~-2), The AIMP system is totally
inadequate to handle the data; therefore, a new system is required.
Since the experiment requirements are the same as for the Pioneer,
the system shown in Figure VI.l~2 can represent the AIMP system
with all new hardware.

VI,1l-4 Command and Service Module (C&SM) Analysis ~ The C&SM
data and ranging system has as its prime function the support
of the Apollo Mission. Excess data capacity and time sharing
are therefore the only areas that may be considered for support
of the experiments.

The data requirements for the sample experiment groupings for
the C&SM (Table VI.1-2) are indicated in tha data and system
shown on Figures VI,1-3 and VI.,l-4 respectively. The major
obstacles to accommodation of all the experiment data directly
into the Apollo f)rmat for either of the two C&SM experiment
groups of Table VI,1-2 are:
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Table VI.1l=2

Figure VI.1-3 C&SM - Group I Experiments* - Data System
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(a) Limited digital data capacity,

(b) Insufficient data storage (digital or FM), insuffi-
cient storage time (duration) and insufficient playback to record
ratlio (1:1) of the recorder (in the high bit rate mode);

(¢) Time sharing of the encoding system and the FM links
which could impair the Apollo data acquisition or the experiment
data acquisition or both, due to the high data rates required by
the experiments.

The adaptation of the groupings to the C&SM system could be
accomplished in several ways. Figures VI,1-3 and VI.l-4 present
simplified methods of accommodating the data., Figure VI.1=3
represents a system that would utilize the biomedical subcarriers
and the 6 MHz wideband FM carrier identified by North American
Rockwell for transmission of realtime and playback data, Updata
link, manual commands, and ranging would be accomplished by the
existing C&SM onboard systems. The tape recorder used for this
grouping would be operated at 1-7/8 ips and playback at a 10:1
ratio for a two hour recording time. Therefore, the use of the
125 KHz subcarrier would be limited to about 12 minutes per orbit,
This data system has a minimum impact upon the C&SM system.

The experiment data system shown on Figure VI.l-4 is more complex
and places greater requirements upon the hasic C&SM system., The
groupirg contains experiments with high data rates and require~
ments for continuous operation; therefore, realtime and playback
capability is required to support them. The system shown would
requlire a PCM Encoder/multiplexer, two recorders and a modulator
located in the SM. The three subcarriers of the C&SM (85 KHz,
125 XHz, and 165 KHz) and the six MHz wideband FM channel would
also be required to support this mission, If the six MHz channel
is not available, a separate S~band transmitter would be required,
Total transmission time of the wideband FM would be limited to
approximately twelve minutes per orbit.

VI, 1-5 Ground Checkout and Launch Requirements

(a) Subsatellite Data Systems - The location of the
subsatellite during prelaunch checkout will be in the Sector I
of the SM. 1In this position, all the deployable antennas will
be stowed and open loop verification will not be possible.
Therefore, all checkout after satellite installation will be
accomplished closed-loop or by using test outputs that will be
designed into the system. The interface after installation will
be manual-disconnect-umbilicals with terminations inside
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Sector I therefore not accessible after cover installation,
Critical parameters that require monitoring after Sector I is
sealed and during the interval of time prior to deployment could
utilize spare channels in the CASM data system. Therefore, they
could be monitored as part of the normal C&SM data flow throughout
prelaunch and pre~deployment phases of flight.

The data system checkout requirements under the constraints noted
previously would be limited to verifying the correct operation of
prime components. Parameters such as output power and voltage
levels and the verification of subcarrier and carrier frequencies,
the blt rates, command and command responses and other prime param-
eters required will be monitored to establish the Integrity of

the system, Due to the limited number of measurements and the
non-standard bit rates of each of the experiments, complex auto-
matic checkout equipment will probably not be used to verify
systems operation, The ground checkout equipment will utilize
standard ground station equipment with the possible exception

of the PCM decommutator. The decommutator will require the flexi-
bility of handling non-standard bit rates.

(b) C&SM Data System - The experiments studied thus far

for flight in the C&SM utilize the RF loops and command system
provided by the C&SM. Therefore, the checkout of any portion of
the data system located in Sector I can be performed using the
normal C&SM checlkout methods, Self calibrate or simulators may

be required to support checkout but verification of the parameters
defining experiment integrity will be required in any case. Since
the recommended systems do utilize the six MHz wideband FM channel,
automatic checkout equipment can be by~passed. This allows use of
ground station facilities tallored to meet the Sector I data re~
duction requirements with reduced complexity in equipment and
checkout methods.

VIi.1l-6 Peculiar Subsystem Support Requirements - It is antici-
pated that any data subsystem used in the C&SM or subsatellites
will be designed to meet the expected environments without special
support. Protection will be required for extreme environments
such as_ micrometeorites, high radiation sources, temperatures
below 0°F and above 160°F.
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VIis2 POWER SYSTEM

The power system requirements necessary to support the selected
experiment proupings on each of four carriers, the C&SM, the
Lunar Orbiter (small stable satellite), the Pioneer (small
spinning satellite) and the Anchored Interplanetary Monitoring
Platform (small spinning satellite) were analyzed. The latter
three carriers are subsatellites deployed from the C&SM Sector
I. This section presents the existing vehicle power config-
uration, reflects the power required to support the sample
groupings, and suggests the revisions to the existing vehicle
power systems to provide the required power,

Based on the experiment requirements and groupings of Section
ILI, the required power for experiments exceeded the existin
capacity of all four carriers, The capacity of the three su.-
satellites with power output approximately doubled is summarized
as follows:

Lunar Orbiter Solar array - double size =~ 766 watts
total output

Battery ~ add 2 for a total of 3 252 watts
Pioneer Solar array -~ double size - total 170 watts

output

Battery -~ add Lunar Orbiter type 84 watts
AIMP Solar Array - double size - total 130 watts

output

Battery ~ add Lunar Orbiter Type 84 watts

However, even the increases shown above are inadequate to meet
the grouped experiment requirements of Table IIL.l-2. The power
system revisions necessary to support the experiment groupings
in the C&SM Sector I were analyzed for a three-day mission,
Since the C&SM does not have a solar array, all power required
must be provided by the addition of batteries to the system.

The revisions to the power systems suggested herein reflect the
maximum feasible increases based on using multiples of the exist=-
ing solar panels and batteries, However, further studies may
reveal that it would be possible to provide the required power
by complete redesign of the solar array and use of a battery with
an increased output capacity, It should also be noted that such
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perturbations as changing the orbit from circular to elliptical
could improve the day to night ratio and reduce the battery power
required, thus reducing the battery charging power required of the
solar array. Experiment operating timeline revisions can alsa

be used to reduce the total power required as opposed to the
continuous operation now required of most experiments,

The experiment requirement that the experiment axis remain

aligned to the lunar local vertical for the small stable satellite
experiment groups, together with the power system requirement that
the solar array be aligned to the sun, necessitates a gimbal system
for either the solar array, the experiments or both. Howaver,
since the power output varies as the cosine of the illumination
angle a sixty degree change will still provide one half the total
power, The proposed battery dissipation during experiment opera-
tion is only 25% and the battery should provide full power for

6000 cyecles or 500 days.

VI.2-1 Subsatellite Power -~ Fach of the three subsatellite
vehicles, the Lunar Orbiter, the Pioneer and the AIMP, has a

golar array/battery power system., Only the Lunar Orbiter,
however, has a system capable of recharging the battery to provide
power for vehilcle operation during sun occult for a circular lunar
orbit., The use of these vehicles as subsatellites for future
Apollo missions will require a system to provide power during both
orbital day and orbital night operation. The power subsystem
requirements are based on a sixty nautical milile, circular lunar
orbit which provides a near 1:1 day to night ratio. 3ince all
power dissipated by the battery during orbital night must be
replaced by the solar array via the charge controller during
orbital day and since the present timelines call for continu-

ous operation of most experiments, the day and night experiment
power requirements are almost identical; therefore, the solar
array output capability must be approximately double the battery
output, Based on a thirty day prime mission and a two hour
orbital period the battery would require 360 cycles,

VI.2-2 Small Stable Satellite Power - The present Lunar Orbiter
power system 1s a solar array/battery system, The solar array
is a four flat panel n-p solar cell power source composed of
10816 2x2 cm cells connected in a seriles-parallel arrangement

to provide a voltage of 26.6 to 31.0 VDC with a maximum power of
383 watts. The total output power of the solar array may be
increased by increasing the number of solar panels composing the
solar array system. The maximum number of panels feasible con~
sidering the structural and weight constraints imposed on the
vehicle is probably about eight, The existing system and a
system with double the power are shown below:
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Existing
Design

Power 383 Watts
Voltage 28 VDC
Weight 71 1bs

Power 766 Watts
Voltage 28 VDC
Weight 142 1bs

-

The Lunar Orbiter battery 1s a 30-pound l2-ampere hour nickel-
cadmium power source to provide wvehicle power for sun occult
operation. The major design consideration for establishing
the number of batteries required however, is the fact that the
orbital 1:1 day/night ratio the current dissipated during the
sun occult operation must be replaced by the solar array via
the charge controller during the illuminated portion of the
flight, Therefore, the maximum cha:ze rate of three amps at
28 VDC limits the battery output to 84 watts, Based on the
weight and space constraints for the Lunar Orbiter, the maxi-
mum number of batteries to be added would be two for a total
of three batteries. The three battery system will provide a
total continuous power during sun occult of 252 watts at 28 VDC.
The weight of the three battery system is 90 pounds,

The total vehicle power to support the proposed missions includes
subsystem power as well as the power to operate the experiments,
The subsystem power requirements are given by Table VI.2-~1. The
required experiment power and total vehicle power for the small
stable satellite experiment groupings follow in Table VI, 2~Z,

The total maximum power available from the eight panel solar

array and the three battery system is not sufficient to support
the Group A and C experiments as noted in Table VI.2-2. There~
fore, a redesign of the solar array/battery system would be
required to further increase the output capacity to support such

a mission. The Group B experiment totals, however, reveal that
the eight panel, three battery system would be capable of support-
ing the mission a4s the nighttime discrepancy is sufficiently small
and should be easily solvable.
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TABLE VI,2~1
STABLE SATELLITE SUBSYSTEM POWER REQUIREMENTS

ORBITAL DAYTIME ORBITAL NIGHTTIME
WATTS WALTS

Communications Subsystem =~
Total (142.5) ( 39.5)

Timing (Time of Day)

Transponder System 17.0 4.0
Command Receiver

Transmitter

TWT 70.0 0
Data Storage System 35.0 15.0
Signal Conditioning 0.5 0.3
PCM Encoder/Multiplexer (2) 14.0 14.0
Modulator 2.0 2.0
Command Decoder 4.0 4.0

Command Decoder Driver
Power Subsystem = Total ( 16.0) (¢ 9.0)
Battery Charge (Varies with total power = See groupings)

Shunt Regulator 2,0 2.0
Charge Controller 14.0 7.0
Attitude Control Subsystem - Total (125.0) (125.0)
Thermal Control Subsystem - Total ( 43.0) ( 43.0)

Total Subsystem Power
(without active thermal

control) 283.5 173.5
(with active thermal con-
trol) 326.5 216.5

Note: Thermal control is based on the stable satellite experiment
Group C on Table VI,2-2.
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TABLE VI.2-2

STABLE SATELLITE POWER SUMMARY

GROUP A GROUP B GROUP C
Power Power Power
Experiment Watts Experiment Watts Experiment Watts

Geochemistry 75 Geochemistry 75 IR Mapping Radio-

Radar Altimeter 70 Mass Spectrometer 12 meter# 150
Gravity Gradiometer 5 Meteoroids 5 IR Spectrometer 15
Electrcmagnetic Meas. 50 M+ Radiometer 40

Mass Spectrometer 12 RF Reflectance 70
Meteoroids 5 Bi-~Static Radar*=* 2

Noise Survey 5 Radar Altimeter 70

Electromagnet Meas. 50
Noise Survey 5
Total 222 watts 92 watts 402 watts

Daytime Operation:

Experiment Total 222,0 watts 92.0 watts [%%%252.0 watts
Total Subsystem Power 283.5 watts 283.5 watts 326.5 watts
Battery Chrg. Power 500.0 watts 375.0 watts 800.0 watts
Total Daytime Power 1005.5 watts 750.5 watts 1378.5 watts
Max Power Available 766,0 watts 766.0 watts 766.0 watts
from 8 panel solar

array
Power margin from 8
Panel Solar Array - 239.5 watts + 15.5 watts - 612.5 watts
Nighttime Operation:
Experiment Total 222,.0 watts 92,0 watts 402.0 watts
Total Subsystem Power 173.5 watts 173.5 watts 216.5 watts
Total Nighttime Power 395.5 watts 265.5 watts 618.5 watts
Power Available from

3 batteries 252.0 watts 252.0 watts 252.0 watts
Power Margin from 3

battreries - 143.5 watts - 13.5 watts - 366.5 watts

* QOperates every other orbit, nighttime
** Qperates every orbit nearside
*%% Daytime power is total power minus the IR mapping radiometer
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The three groups discussed here provide a total power range
sufficlently broad to allow any grouping from the Section III
roadmaps to be analyzed. Assuming the subsystem power is con-
stant, the total experiment power for any such grouping may be
compared with the total experiment power of the sample groupings
given in Table VI.2-2 and the feasibility determined.

VI.2-3 Small Spinning Satellite Power -~ Two exlsting satellites,
the Picneer and the Anchored Interplanetary Monitoring Platform
(AIMP), were considered for use as spinning subsatellites, Both
have solar array/battery power system and the main difference
is in structural design configuration.

The Pioneer solar array system consists of approximately 10,000
n-p type solar cells 2x2 cm spread over the cylindrical
spacecraft surface. The cells are connected in a series-parallel
combination to provide 24 to 33 VDC with a maximum power of 85
watts. From a power point of view, spinning satellites are
normally used when the total power required from the solar array
is 100 watts or less. When the power required is in excess of
100 the small stable satellite with the sun oriented solar array
is selected.

For the purpose of this study, doubling the size of the solar
array was assumed to be feasible, thus doubling the power output
capacity, The existing system and the double capacity configura=~
tion are shown below.

Double
Existing Output
Design Design
;itz Eff
fEIEESEERER T
IONEER Power 85 Watts PTONE Power 170 Watts
Voltage 28 VDC Voltage 28 VDC
Weight 17 1bs Welght 34 1bs
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The AIMP solar array is composed of four flat panels with 7680

2 X 2 cm solar cells., The cells are connected in a series -
parallel combination to provide 19.8 VDC with a maximum power

of 66 watts., The maximum number of solar panels feasible is
probably about eight. The eight panel configuration will double
the solar array output capacity. The number of cells in series
willl be increased to provide the 28 VDC required by the experi-
ments, The existing system and eight panel configuration to
double the power output are shown below.

Existing Design Edight Panel Design

I
Power 66 watts Power 130 watts

Voltage 19.8 VDC Voltage 28 VDC
Weight 21 1bs Weight 42 1bs

Neither the Pioneer two ampere-~hour silver-zinc battery nor the
AIMP eleven ampere-~hour silver cadmium battery have the capacity
to provide the continuous power required for sun occult opera-
tion. To support the proposed groupings one Lunar Orbiter type
thirty pound, twelve ampere hour, nicikel cadmium battery replaces
the existing battery for either vehicle. The maximum charge

rate of 3 amps at 28 VDC limits the total dissipation to 84 watts
per orbit.

The total vehicle power to support the proposed missions includes
sutsystem power as well as the power required to operate the
experiments, Table VI.2-3 gives the subsystem power requirements.

The required total vehicle/experiment power for the small spinning
satellite is given in Table VI.2~4.

The total maximum power available from the solar arrays as shown
in Table VI,2-4 is not sufficient to support either Group A or
Group B. Therefore, a redesign of the solar array system would

be required to further increase the total output capacity. The
Lunar Orbiter type battery added to either vehicle would provide
sufficient power for sun occult operation as shown in Table VI.2-4,
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SPINNING SATELLITE SUBSYSTEM POWER REQUIREMENTS

ORBITAL
DAYTIME
WATTS
Communications (75.75)
TWT 30.0
Transmitter 0.5
Modulator 0.5
Command Receiver 0.5
Command Decoder 0.5
Command Decoder Driver 0.5
Data Storage System 35.0
PCM Encoder/Digital Multiplexer 7.0
Signal Conditioning 0.5
Time (Time of Day) 0.25
Power ( 8.0)

Shunt Regulator 1
Charge Controller 7.
Battery Charge (Varies with total power - see grouping

.0
0

Attitude Control ( 5.0)

Thermal Control ( 5.0)

Total Subsystem Power 93.75

MARTIN MARIETTA CORPORATION
DENVER DIVISIOWN

ORBITAL
NIGUTTIME
WATTS

(25.25)

,_.
OO~N UM O OO0
e e e e OO

P
~

wo MO O ULk
. v

[7: R I

)
(5.0)
(5.0)

39.75



GROUP A EXPERIMENTS

PR34-~113
Page VI-20

TABLE VI.2-4
SPINNING SATELLITE POWER SUMMARY

GROUP B EXPERIMENTS

POWER POWER
EXPERIMENT WATTS EXPERIMENT WATTS

Magnetometer - DC 1.5 Magnetometer ~ DC 1.5
Magnetometer -~ AC 2.0 Magnetometer - AC 2.0
Plasma Probe 3.5 Plasma Probe 3.5
Electric Field 3.0 Electric Field 3.0
Low Energy Particles 5.0 Low Energy Particles 5.0
Solar Energetic Particle 5.0 Solar Energetic Particles 5.0
Meteoroids 5.0

Experiment Total 25,0 watts 20.0 watts
Daytime Operation:
Experiment totals 25.00 watts 20.00 watts
Subsystem Totals 93.75 watts 93.75 watts
Battery Charging 100.00 watts 100.00 watts
Total Daytime Power 218.75 watts 213.75 watts
Max, Power Avail from

Double Capacity Picneerl70.00 watts 170.00 watts
Max, Power Avall from

g Panel AIMP 130.00 watts 130.00 watts
Pioneer Power Margin ~ 48,75 watts - 43.75 watts
AIMP Power Margin ~ 88,75 watts -~ 88.75 watts
Nighttime Operation:
Experiment totals 25.0 watts 20.00 watts
Subsystem totals 39.75 watts 39,75 watts
Total Nighttime Power 64,75 watts 59.75 watts
Power Avail from Lunar
Orbitor Type Battery on
Both AIMP & Pioneer 84,00 watts 84.00 watts
Power Margin Pioneer &
AIMP +19.25 watts +24.25 watts
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The feasibility of using the small spinning satellite to support
other experiment groupings resulting-from the roadblocks of Sac~
tion III can be analyzed by comparing the total experiment power
required for such a grouping with the experiment power of Group A
and B of Table VI.2-4, assuming that the subsystem power is con-
gtant.

4, C&SM Power -~ Expariments hardmounted in Sector I of the
Service Module (SM) ara supplied 10 KWH power from the C&SM power
system, All additfional power required will come from batteries
added for that purpose. The total power requirements are based
on a 60 nautical mile, circular lunar orbit and reflect a three
day mission,

Table VI.2~5 reflects the power required by subsystems added to
the C&SM to support the proposed experiments, They interface
with the appropriate C&SM sys“ems to complete the desired fune~
tlons where applicable.

Two groupings of experiments, Group A and Group B, are ldentified
by Table VI.2-6 and VI.2~7, The total power for each experiment

is computed on the basis of total operational time for the desig~-
nated missions, Ten KWH power 1s reserved for experiments from the
basic C&M power system. The batterles added provide for the addi-
tional power required.

VI.2-5 Power System Ground Checkout and Launch Requirements

(a) Subsatellite Power Systems - Ground checkout of
the subsatelllite power system will be completed prior to the
installation of the subsatellite in Sector I of the C&M. Com-~
plete checkout will include battery load tests, solar panel
output verification and continuilty checks of the electrical
power and distribution system. No further testing will be re-
quired after the subsatellite is installed in Sector I, The
subsatellite power system is not operational until the sub=-
satellite 1s deployed from the C&SM,

(b) C&SM Experiment Power System - The power system
required to support the experiments hardmounted in Sector I of
the C&SM will be checked out using the C&M checkout umbilical
and will be part of the normal C&M checkout sequence.
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C&SM SUBSYSTEM POWER REQUIREMENTS

Communications
PCM Encoder/Multiplexer
Data Storage System
Communications
PCM Encoder/Multiplexer
Data Storage System
Modulator

Power

Altitude Control

Thermal Conctrol

Thermal Control

Total Subsystem Power

Total Subsystem Power
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HATTS
(42.0) Experiment Group A
(See Table VI.2~6)

7.0

35.0
(75.0) Experiment Group B
(See Table VI.2~7)

7.0

67.0

1.0

( 5.0)

(Provided by

C&SM)
( 5.0) Experiment Group A
(43.0) Exneriment Group B
52 Experiment Group A
123 Experiment Group B
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TABLE VI.2-6
C&M POWER SUMMARY ~ GROUP A EXPERIMENTS
TOTAL
EXPERIMENTS RRWER OPERATION POWER

Metric & Stellar 80.0 Every 4th Orbit .7
Camera Daylight
Panoramic Camera 500.0 1 Hr lst Day 1.1

1.2 Hr 2nd day

1 Hr 3rd Day
Photoelectric 4.0 Every Other .1
Photometer Orbit Daylight
Geochemistry 75.0
Experiment Continuous 5.4
Laser Altimeter 100.0 Continuous 7.2
Solar Wind Foil 0 Every Orbit 0

Daylight (30 Hrs

required)

Total 759.0 Total 14,5 KWH

TOTAL EXPERIMENT SUPPORT POWER REQUIREMENTS
Experiment Total 759 Watts 14.5 KWH
Communications Subsystem 42 Watts 3.0 KWH
Power Subsystem 5 Watts .4 KWH
Attitude Control Subsystem C&SM PROVIDED -
Thermal Control Subsystem 5 Watts 4 KWH
Total Experiment Loads 811 Watts 18.3 KWH
VEHICLE POWER SYSTEM REVISION
Power Avgilable from C & SM 10 KWH
Add 1 8ilver-Zinc Battery 3 Day Mission 12 KwH 130 LBS.
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TABLE VI,2-7
C&SM POWER SUMMARY - GROUP B EXPERIMENTS
POWER TOTAL
EXPERIMENTS WATTS OPERATION POWER
IR Mapping Everyother Orbit
Radiometer 150.0 Darkside 5.4
IR Spectrometer 15.0 Continuous 1.1
MW Radiometer 40.0 Continuous 2,9
Metric and Every 4th Orbit
Stellar Camera 80.0 Daylight 0.7
RF Reflectance 10.0 Continuous 0.7
Every Orbit
Bi-Static Radar 2.0 Near Side 0.1
Radar Altimeter 70.0 Continuous 5.0
Every 4th Orbit
Radar Imager 340.9 Day & Night 6.1
Every other
UV Imager 24.0 Orbit, Day 0.4
Total 731.0 Total 22.4 KWH
TOTAL EXPERIMENT SUPPORT POWER REQULREMENTS
Experiments 731 Watts 22.4 KWH
Communications Subsystem 75 Watts 5.4 KWH
Power Subsystem 5 Watts .4 KWH
Attitude Control Subsystem C&SM Provided -
Thermal Control Subsystem 43 Watts 3.1 KWH
854 Watts 21.3 KWH
VEHICLE POWER SYSTEM REVISION
Power Available from C&SM 10 KWH
Add 2 Silver-Zinec Batteries 3 Day Mission 24 KWH 260 LBS
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VI.3 GUIDANCE & CONTROL

This sectlon describes the attitude control subsystem support
for lunar orbital sclence experiments. The experiments require
evaluation of three scparate control concepts:

Continuous orientation of SM Sector I mounted experiments
along the lunar local vertical,.

Continuous long term orientation of experiments on a sub-
satellite along the lunar local vertical.

Spin stabilization of a subsatellite.

Subsystem study effort was limited to an investigation of the
feasibility of meeting experiment requirements and it was con-
cluded that provision of the necessary attitude control to meet
these requirements is feasible. No unreasonable problems were
identified, although not all hardware is available "off the
shelf" at the present time, In all cases, requirements may be
met by alternate methods., Principal identified alternatives
are described, but mode studies have not been performed and no
selection is implied.

VI.3~1 Command and Service Module - Three systems for achieving
local vertical orientation and attitude hold of Sector I mounted
experiments are described below:

a. PGNCS and RCS;

b, Orbital Stabilization System (0SS) and RCS with
Sector I mounted horizon sensors ;

c¢. Independent auxiliary system in Sector I.

A detailed accuracy study has not been performed, however,
previous work has shown that a pointing accuracy on the order

of 1 deg. is reasonable. The PGNCS could be expectea to do
somewhat better than this dependent on the frequency of

Inertial Measurement Unit aligaments. The PGNCS would provide
local vertical pointing througi: appropriate computer programming
to calculate the direction of iocal vertical from an inertial
coordinate system plus further transformations to determine

the orientation of Sector I relative to the local vertical. On
this basis the vehicle could be maneuvered to the proper attitude
and maintained there in the automatic command module computer
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attitude hold mode. This system would require no additional
hardware and 1s obviously lowest in component weight. Cost would
depend on the extent of computer reprogramming required and
avallability of memory. Crew time would be required for periodic
realignment of the IMU. Power requirements are relatively high
and the additional operating time of C&SM components would some-
what reduce the probability of mission success.

The 0SS and RCS system wculd obtain a local vertical attitude
reference from horizon sensors mounted in Sector I and aligned
with the experiment sensitive axis, Signal processing, including
compensation, pulse modulation and thruster command logic, is
provided by the MSC developed 0SS, The 0SS outputs would inter-
face with the RCS for control accalerations. However, in this
case the difference between the coordinate system which would be
defined by the sensors and the coordinate system established by
the RCS must be considered, The relationship between the sensor
reference (R) system and the body (B) system established by the
thrusters is indicated in Eigur% VI,3~1 where superscripts denote
the coordinate frame and X~ = X",

Since the angle B (on Figure VI.3~1) is about 32 degrees the
cross coupling is severe and, in addition, the normal horizon
sensor output polarity is reversed. To correct this, the system
must include resolver circuitry., Also, since a horizon sensor
provides pitch and roll attitude information only, a gyrocompass
or equivalent technique is necessary for 3-axis attitude control,
The resulting system block diagram is shown in Figure VI.3-1.
This system overcomes some of the disadvantages associated with
the PGNCS but with a welght and possibly a relative cost penalty.
A horizon sensor for lunar application is not presently avail-
able but a suitable instrument has been under development by the
Barnes Engineering Co. If a separate pcwer supply is furnished
for the components in Sector I, it would also be necessary to
provide isolation between the resolver output and the 0SS,

Both these systems would utilize the C&SM RCS for control and
therefore it is necessary to evaluate RCS propellant usage
rates. In the applicable lunar orbit, the principal dynamic
disturbance torque would result from gravity gradient effects,
However, the following discussion demonstrates that this effect
may be neglected for this case and that RCS propellant may be
calculated on the basis of an undisturbed limit cycle.

Taking @, 0 and.* as roll, pitch and yaw respectively and moments
of inertia as customarily defined for the C&SM, the gravity gra-
dient torques will appear essentially in pitch if it is assumed
that angular displacements are small and that Iyy ~sIzz,
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0 = oL20

Where A = E)WOZ(IZZ - 1xx>] 1/2
I

yy
The solution to the equation is:

8(t) = B cosh &t + %0 sinhLt
n

where Go and OO are the attitude deadband and the attitude rate

produced by a thruster firing respectively.

It is possible to plot propellant usage, Wp’ as a function of
QQQ, and this results in Figure VI.3-2 where a one jet limit
e
cycle has been as§§med with a minimum impulse propellant usage,
WMP of 5,48 x 10 lb/pulse. Values obtained directly from the
1

figure would be valid only for a symmetric case with QO the same
after each impulse although it appears possible to obtain Wp for
non~-symmetric cases by summing the [;Wp for segments of a limit

cycle, ¥For the study, however, it is adequate to note that the
astronaut could re~initilalize and eliminate particularly bad
cases and inspect the figure for the applicable value of

which is approximately 1.8 x 10-3 sec ~l. Inserting numerical
data for 90 of 0.5 deg. and a QO given by:

90 = =~1/2 MAt = 5.47 x 10-5 rad/sec

I
Yy

results in:

A8 = .0.28 and W0 ¥ 0.08 Lb/hr

]
o

By contract, the propellant for an undisturbed limit cycle is given by:
. 2 2
24 "
W n 3600 rn (Imin)

pe
4T 8,1
yy'd s

P
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where:

= 6.4 ft,, moment arm
= no., of thrusters fired

r
n
I . = 0,93 lb-sec,, minimum impulse bit

min 4 9

I = 5,43 x 10" ft-lb-sec”, pitch mount of inertia
e

I

= 8.73 x 107° vrad., pitch deadband

= 170 sec., pulse specific impulse
from which:

Wpg = 0.062 1b/hr.

The total undisturbed symmetric limit cycle propellant is:

2

2 _
Wy = 3600n% (I ) < x Wy, = 0.298 1b/hr.
484 Igp =T L

A North American Rockwell (NR) report, IL190-320-S & C-68-70,
8 Aug 1968, includes a factor of 1.l of minimum impulse varia-
tions based on simulation results and gives a propellant
consumption figure of 0.388 1lb/hr. The value computed above
closely agrees with the NR value and is considered a good
estimate. It is also seen that most of the propellant is
consumed by the limit cycle about the roll axis and that the
effects of gravity gradient disturbances in the pitch axis
are inconsequential for nominal parameter values. However,
changes such as a reduction of the deadband to 0.1l deg. could
substantially increase »nitch axis propellant usage as the
nominal operating point would be on the nonlinear portion

of the curve,

The third alternative, an independent auxiliary system mounted
in Sector I, would also utilize a horizon sensor/gyrocompass
system as the attitude reference, Electronics similar in
function to the 0SS would be necessary to process the sensor
signals and provide output commands to the cold gas valves.

A simple block diagram is shown in Figure VI.3~3 where gyro-
compassing is assumed but resolver circuitry is unnecessary.

The cold gas valves could be oriented to avoid any direct im-
pingement into the field of view of experiment sensors and would
not produce combustion product contaminants. It is also possible
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to substantially reduce the minimum impulse with a cold gas system,

With a value of wMP = 0,1 lb~sec,, extremely low limit cycle rates

result and substitution in the preceding equation for W T glves:

P

wPT = 0.014 1b/hr,
However, this value and the associated rates are so low that
crew motion disturbances could be expected to be the determining
factor in pronpellant usage rates., The low limlt cycle rates
would make it possible to reduce the attitude deadbands for more
accurate pointing without incurring significant propellant weight
penalties. An estimate of subsystem add-on weight and power for
both the 0SS/RCS and auxiliary system is given in Table VI.3-1l.
The additional component weight of 25 1b for the auxiliary system
compared to the OSS/RCS would be partially offset by lower attitude
control propellant requirements. However, the total weight
penalty of the auxiliary system would exceed that of the OSS/RCS
up to the point where sufficient propellant is included in both
systam weights for 75-100 hrs of operation.

VI.3-2 Subsatellite Mounted Experiments

Spin Stabilized Sub~Satellite

The attitude control study of a spin statilized satellite reduces
to the questions of spin axis stability and spin axis orientation
accuracy. Two satellite configurations, Pioneer and AIMP, have
been briefly investigated and some pertinent characteristics are
presented in Table VI.3-2,

It is well established that stability of the spin axis in the
absence of external torques requires that the spin axis coin=-
cide with the principle axis of maximum inertia. This is a
matter of obtaining the proper mass distribution during design
and fabrication and not a question of feasibility. An area
requiring further study is the effect of the external torque
resulting from gravity gradient dynamics. A quantitative
evaluation of this is beyond the scope of the present study
but the results cited in a NASA report, NASA CR-433, Effect

of travity Gradient Torque on the Motion of the Spin Axis of
an Asymmetric Vehicle, April 1966, indicate that perturbations
could be very small. Further, the magnitude of the torque is
a function of the vehicle mass distribution and is, therefore,
subject to control.
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Table VI.3-1
Command and Service Module Attitude Control Add-on Alternates

Horizon Sensor System
3-Axis Gyro System
Intexrface Electronics
0SS

Gas, Valves, Plumbing, Tank

Total

0S8 /RCS
Welght Power
221b 20 W
15 40
10 10
5 5
521b 75 W

Table VI.3-2
Subsatellite Characteristics Attitude Control

Spin Axis Orientation
Accuracy

Spin Rate
Impulse Capability
Spacecraft and

P/L Weight

. Attitude Control
Propellant

A = Estimated

Tunar Orbiter

NA

NA

8.6 x 104 1ib-sec

960 1b

4 1b

PR34~113
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Auxiliary Sys

Weight Power
22 1b 20 W
15 40
13 15
27
77 1b 75 W
ATMP Pioneer
1.6 DegA B 0.3 Deg A
25 + 5 RPM 60 RPM
2.1 x 10% 0
1b=sec
181 1b 140 1b
0 0.9 1b

B - Dependent on spin-up and separation mechanisms
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The Pioneer system includes a command link, electronics and a
single gas jet, This system makes it possible to adjust the
orientation of the spin vector about either or both of the two
axis orthogonesl to the spin axis by pulsing the gas jet at the
proper fixed point in the spin cycle. Control is furnished by
earth commands and the necessary attitude reference is the
received signal strength from the vehicle high gain antenna,
The relatively narrow antenna pattern leads to an estimate of
0.3 deg. for the achlevable orientation accuracy. This techni-
que has been successfully used on past Ploneer flights although
ambiguity in the apparent attitude may require some trial and
error pulsing of the gas jet to determine attitude from the
resulting response. The Ploneer configuration does not include
a propulsion system and would not be capable of performing
orbital changes.

The AIMP configuration does include a propulsion system capable
of performing a maneuver along the fixed thrust vector axis,.
However, the AIMP does not include a system for adjusting the
spin vector orientation. Thus, the spin characteristics, including
precession and nutation of the spin vector, would be determined
by the separation and spin-up mechanisms which establish the
initial conditions. A paper presented by Lunar Orbit Mission
Analysis for the Improved Delta Launch Vehicle and AIMP-D
Spacecraft, AIMA 4th Aerospace Sciences Meeting, June 1966,

cites three sigma elevation and azimuth flight path angle

errors of 1,1 deg. each during engine burn of the spin stabilized
stage. Spin-up is achieved on a spin table pricr to separation
from the preceding stage.

Stable Subsatellite

The Lunar Orbiter Configuration was investigated as an available
satellite with an active, non-spinning, attitude stabilization
system. This vehicle was developed to photograph discrete,
selected portions of the lunar surface., The attitude control
system is of course compatible with this particular set of
requirements, A simplified block diagram is given in Figure
VI.3-4. In operation, the system is inertially stabilized

with solar arrays oriented toward the sun. The inertial hold
orientation is established by the vehicle~sun axis detected by
the sun sensor system and the vehicle~canopus axis detected by
the star tracker. The programmer initiates required functions
through time reference sequential stored commands or real time
earth uplink commands., Maneuvers are performed by summing rate
mode gyro output with a fixed "sleeving'" voltage to command the
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gas jets, Maneuver attitude excursion is determined by integra-
tfon of the rate signal. This maneuver procadure must be followed
to orient the camaras to the nadir for a photographic sequence

and then reorient to the basic inertial attitude for remcquisition
of the sensors.

The various orbital relationships are depicted schematically in
Figure VI.3-5 where angular relationships are greatly simplified
for clarity. The plane of the earth's equator 1s, of course, in~
clined at about 23 degrees to the plane of the ecliptic and the
moon's orbital plane 18 inclined 5 degreas to earth's equatorial
plane, The star Canopus 1s in the reglon of 50 degrees south
latitude, It is adequate for system Lllustration to consider that
the sun (8), earth (E) and moon (M) all lie in the plane of the
paper of Figure VI.3-5, Canopus then is roughly along the line
to the reader's eye, The low inclination orbit of the Lunar Or-
biter mission then also lies roughly in the plane of the paper
and is denoted by the circle around M in the position labeled
"Launched." Although the sun 1s occulted by the moon on each
orbilt, Canopus is continuously visible from the orbit plane and
the plane of the orblt does not deviate radically in its relation
to the sun during the annual rotation of earth about the sun, In
the mlssion presently consldered, however, the lunar orbit plane
would be inclined at 90 degrees. This is shown in Figure VI,3-5
by the line through M In the "Launch" position representing an
edge view of the oxhlt plane~~-assumed for convenlence to be about
the terminator at this time. Under this condition, Canopus is
occulted by the moon on each orbit, Further, in the next posi~
tion, "3 montha" later, the orbit plane has rotated through 90
degrees relative to the sun, Contlauing on to "6 months,'" ete,
it 1s seen that the orbit plane rotates 360 degrees relative to
the sun in a year, correspending to the earth's one year orbital
perlod. As a result, the inertial reference frame established
by the lunar orbital sensoxrs 18 not sultable for a long duration
mission in a polar lunar orbit. Further, the sensors establish
an Ilnertial frame rather than the moon centered coordinate frame
required for continuous experiment ¢peration., Even 1f each sen~
sor were somehow provided with 360 degrees of angular freadom to
malntaln the line of sight to the reference source, the computa=-
tions required to determine the direction of lunar local vertical
from the inertial frame would require some general purpose dig
ital computer capability, The programmer in the present system
does not have this capability., These considerations consider
that it would be necessary to replace the existing Lunax Orbiter
attitude reference system. The best alternative would again
utilize a horlzon sensor system to provide a closed loop lunar
surface attitude reference. The resulting system would be essen=-
tially as previously shown in Figure VI.3=-3, although further
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studles could be expected to lead to the addition of momentum
storage device with the cold gas system used for desaturation
only.

Figure VI,3-5 also shows a problem with respect to the present,
fixed, solar arrays. To provide the anticipated electrical
energy requlrements for a 30-day mission in a polar orbit with
modes in the reglon of the earth-moon line it would be necessary
to provide a single degree of freedom gimbal system for the so~
lar arrays. The axis of rotation would be normal to the vehicle
orbit plane. For long duration missions it would be necessary
to add a second degree of freedom with the axis of rotation par-
allel to the orbit plane, Due to the slow rate of rotation re-
quired about thils second axis it could be mechanized with dis-
crate changes In response to earth commands.
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VI.4 THERMAL CONTROL SYSTEM - Thermal control systems for three
subsatellite candidates and the C&SM were reviewed and compared
to experiment requirements for several sample groupings generated
during the study. The impact on the thermal control systems of
the four carriers 1s as follows:

1. 'The first and third C&SM groupings shown in Table VI.4-2
can be passively controlled, with the exception of the laser al~
timeter which requires its own cooling system (or interface with
the carrier). A second C&SM grouping also shown in Table VI.4-2
represents a far greater heat load and will require an active
coolant system,

2, Three experiment groupings were analyzed for a stable
satellite (Lunar Orbiter). Two of the groupings imposed no
stringent thermal control requirements on the satellite systems,
However, the third grouping required an active coolant system in
addition to the passive Lunar Orbiter system,

3. Two spinning satellite experiment groupings were analyzed
and compared to the thermal control systems of the Ploneer and
AIMP satellites. The existing passive thermal control systems
appear adequate for these groupings.

The analysis results show a great dependence of the thermal con-
trol systems of the carrier vehicles on experiment groupings
selected.

VI.4-1 Existing Thermal Control Configurations - The existing
thermal control systems on each of the three subsatellite candi~
dates are presented in Table VI,4~1 and briefly discussed in

the following paragraphs,

Anchored Interplanetary Monitoring Platform (AIMP) - The
AIMP satellite utilized a passive thermal control subsystem (TCS)
which consisted of a fiberglas heat shield located between the
spacecraft, and the retromotor, multi-~layer insulation blankets,
and thermal control coatings on the internal components and
external surfaces. The multi-layer insulation blanket consists
of between 20 and 30 layers of three mil mylar aluminized on one
side as the outer shield and 1/4 mil mylar aluminized on both
sides as the inner shield. The small packages (less than 1 ftz}
within the satellite were protected with 20 to 20 layers of
crinkled (NRC-2) with aluminum vapor deposited on one side only.
Larger components (more than a few £t2) utilized 20 to 30 layer
mylar shields with either dacron or nylon separators between the
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Table VI.4-1
Thermal Control Requirements for Satellite Missiomns

Satellites
Parameters ATMP Lunar Orbiter Pioneer
System Passgive Passive & Heaters Passive & Active
Heat Loads, BTU/Hr
Orbit 170 1300 to 1400 290
Thermal Barrier Heat shield between space~ Silicone oxide on aluminized| Multi-layer
craft/retromotor (fiberglas) mylar insulation
Mult{ilayer insulation 3 layers dacron blankets
blankets 3 layers aluminized mylar
Coatings
Internal Components painted black
External White paint oC = ,363 Silicone base paint with
€= .85 zinc oxide
Cat-A-Lac black paintoC= ,95| Pigment €= .9, oC= .22
€= .87
Buffed aluminum oC= .15
€= .04
Temperatures, °F
Prelaunch 77 £ 5
Orbit
Internal 41 to 122°F 35 to 85 30 to 90°F
External 30 to 425
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either dacron or nylon separators between the aluminized mylar
shields, The internal components within the satellite were
coated with Cat-A-Lac black paint, while the external surfaces
(top and side) were primarily coated with Dow Corning's white
paint., The optical proparties of the coatings are respectively
oC = ,95, € = ,87, and oCw= ,363 and € = ,85,

Post flight data evaluation revealed that the increase in tem~
perature of certain components was due primarily to absorptivity
changes, which increased by a factor of two. A major contributor
to the absorptivity change was contamination of the white painted
surfaces by the exhaust products from the retromotor,

NASA-Goddard is presently eliminating eny use of white painted
surfaces and will utilize teflon coated with either vapor depos-
its of aluminum or silver., Future flights are also considering
Kapton instead of mylar, and the application of heat pipes.

The average heating load to be dissipated on these satellites
was 170 btu/hr.

Lunar Orbiter - The Lunar Orbiter satellite utilized a
passive thermal control system and mounted electric heaters on the
critical components. A heat shield barrier and multi-layer in-
sulation blankets, consisting of 3 layers of aluminized mylar with
layers of dacron separators were used. The outer mylar shield
was coated with eilicone oxi{de., The equipment mount deck sur-
faces were also coated with white paint, containing zinc oxide
pigment and a silicone base. The optical properties were absorp-
tivity,oC=,22, and emissivity, €=.9.

Post flight data evaluation showed that the internal temperatures
frequently exceeded the limits of 108%F, The high temperatures,
as for those of the AIMP, were attributed to degradation of the
external coating absorptivity property.

To stabilize the temperatures during orbit, the attitude control
subsystem was utilized to change the vehicle sun line attitude
long enough to reduce temperatures.

The internal heating loads ranged between 1300 and 1400 btu/hr,

Pioneer - The Pioneer spinning satellites utilized primar-
ily a passive thermal control subsystem, which consisted of multi~
laver insulation blankets, Some of the vehicles had provisions
for an active system in the platform area, which consisted of
louvers individually actuated by bimetallic springs, which sensed
the temperature of the equipment platform in the region of the
louvers.
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VI.4-2 (C&SM Thermal Control System Analysis

Three experiment gruupings were investigated, The first
two were given to North American Rockwell early in the study;
the third grouping was generated .ater. All three groupings
should be considered as representative samples of potential C&SM
experiments and are listed in Table VI.4-2 for convenience. Al-
lowable temperature limits for all experiments are given in Table
I1II1.4, Experiment Requirements Summary.

Three typical duty cycle: were generated based on the
groupings shown in Table VI.4-2. These are shown in Figures
VI.b-l, VI.4-2, and VI.4-3 for groups I, II, and III respectively.
The average heating load for the first C&SM experiment grouping
(Table VI.4~2) is 715 btu/hr, with a peak of 2700 btu/hr for a
duration of 1 hour. The peak load is due primarily to the opera-
tion of the Panoramic camera. However, the camera has sufficient
thermal capacity to absorb the load and maintain its components
within their allowable temperature limits. The laser altimeter
experiment appears critical for continuous operation, and a
cooling system is recommended for this experiment only.

For the second experiment grouping, the average inter-
nal heating load to be dissipated is 1260 btu/hr, and peak
loadings between 2330 and 2430 btu/hr will be generated. The
average 1260 btu/hr could be dissipated by the present Apollo
Block II C&SM coolant loop and environmental control subsystem
(ECS) radiator configuration. The radiator has a maximum capabil-
ity of approximately 8425 btu/hr with an effective total radiator
area of 56.0 ft2. The mismsion orbital requirements for the C&SM
are approximately 6500 btu/hr, leaving a margin of 1925 btu/hr.
However, to avold extensive requalification of the C&SM environ-
mental control system due to experiment interface, use of a
separate experiment coolant loop is recommended. A schematic
of a TCS cauvable of dissipation of the average heating load is
shown in Figure VI.4-4. The coolant loop weuld utilize the fluid
BE-1 at a coolant flow rate of 400 lbs/hr. As shown, the system
would include a by-pass arrangement, temperature control valve
and two of the present Apollo Block II IM pumps. The radiator
size required would be 21.0 ft". Cold plates are probably required
for six experiment components, These are: (1) IR Mapping Radi=-
ometer, (2) MW Radiometer, (3) Metric Camera, (4) RF Reflectance,

(5) Radar Altimeter, and (6) Radar Imager. The total weight of
the system would be 169 pounds,
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TABLE VI.4-2 C&SM EXPERIMENT GROUPINGS

GROUP T

GROUP II

GROUP III

Metric Camera
Stellar Camera
Panoramic Camera
Photcalectric Photometer
Laser Altimeter
RF Transponder
Solar Wind Foil
Extender
Foil
Geochemistry Expts.
Gamma-Ray
Neutron Albedo
Gamma Particle
X-Ray Sensors
Solar X-Ray
Cosmic Ray
Flectronics

TR Mapping Radiometer
IR Spectrometer
Electronics
MW Radiometer
Metric Camera
Stellar Camera
RF Reflectance
Bistatic Radar
Radar Altimeter
RF Transponder
Radar Imager
Antennas
Data Processor
Trans/Rec.
Film Record (Optional)
U.V. Imager
Imager
Film Recorder

Metric & Stellar Camera
Panoramic Camera
Thotoelectric Photometer
Laser Altimeter

RF Transponder

Solar Wind Foil

MESERTIN MARIETTA CORPORATION

DENVER DIVISION

#9-1A °8eg

ETI-vEdd



BIU/HR

HEATING LOAD ~~

2800

2500

2400

2200

2000+

1800~

1600+

1400

1200

1000

800

2700 BTU/HR

AVG 715 BTU/HR

600

400—

200

TIME ~~ HOURS

Yigure VI.4~1 Heating Loads - C&SM Gr—up I Experiments

MARTIN MARIETTA CORPORATION
DENVER DIVISION

SH~IA ®3vg

ETT-vedd



HEATING LOAD ~ BTU/HR

2400

2200

2000

1800

1600

1400

1200

1000

800

600

400

2430 BTU/HR 2430 BTU/HR 2430 BTU/HR

2330 2330 2330

AVG 1260 BTU/HR

— — —— com— s | comees. ——  cemsne]  amsmes | e ——— v ~—

L A i ' ' i A i i 1 )

;

2 4 6 8 10 12 14 16 18 20 22
TIME ~ HOURS

Figure VI.4-2 Heating Loads - C&M Group II Expariments

MARTIN MARIETTA CORPORATION
DENVER DivVis:ON

24

9%-1A ¥8ug

E1T-vedd



HEATING LOAD ~~ BTU/HR

2200

2000

1000

800

600

400

2460 BTU/HR

AVG S4S5 BTU/IR

)y WURE Ry R p L i W R VS s |
| T 1 [} i T 13 1 T i 1 M
2 4 6 8 10 12 14 16 18 20 22 24 e
o &
o
TIME ~ HOURS < L
‘ Te
Figure VI.4-3 Heating Loads - C&SM Group ITT Experiments £

MARTIN MARIETTA CORPORATION
DENVER DIVISION



Tout = 73°F
in = 73°F BY-PASS
ZERO FLOW
Qout = 1260 EXPERLMENTS
BTU/MR | 1114 BTU/HR COLD PLATES
i R V
Avea = 21 ft° E
ps.
T.n ™ 62°F
Tout = 60°F
~ PUMP
146 BTU/HR

oI T = 60°F
CONTROL
VALVE

COOLANT ~ E-~-1
COOLANT FLOW RATE ~ 400#/HR
SYSTEM WEIGHT ~ 169 1BS.

Figure VI.4-4 Maximum Heating Load Condition - C&SM Group II Experiment Coolant System

MARTIN MARIETTIA CORPORAYION
DENVER DIVISION

9h-IA 98ug
ETT-HEud



PR34~113
Page VI-49

The IR mapping radiometer is seen as & thermal control
problem, since the experiment requirements specify that its op-
tical mirror be maintained at 150°K by radiation techniques.

This places a requirement that the experiment radiator views

deep space during experiment operation., The orbital environment
otherwise will not enable this temperature level to be maintained.
The average heating load for the third C&SM experiment group is
545 btu/hr, with a peak load of 2460 btu/hr when all experiments
are in operation. Opseration of the experiments of this group-~
ing should not require interfuce with the C&SM thermal control
system with the possible exception of the laser altimeter. Its con-
tinuous op:ration will cause a component heating problem. As in
Group I, a separate cocling system should be corsidered for this
experiment. All experiment and subsystem components should re-~
ceive coatings similar to those of the Lunar Orbiter satellite
components, with good thermal conductior paths to the mounting
structure.

VI.4.3 Stable Satellite (Lunar Orbiter) Thermal Control Analysis -
Three candidate experiment groups were investigated for use on a
stable subsatellite, The groupingsg are presented in Table VI.4-3.

Table VI.4-3
Stable Satellite Experiment Groupings

Group T Group II Group IIIL
Geochemistry Geochemis try IR Mapping Radiometer
Mass Spectrometer Mass Spectrometer | IR Spectrometer
Radar/Laser RF Transponder MW Radiometer

Altimeter

Meteoroid RY¥ Reflectance
RF Transponder/

Laser Bi-Static Radar
Retroreflector Radar Altimeter
EM Measurements RF Transponder
Nolse Survey EM Measurements
Gravity Gradient Noise Survey
Meteoroid
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Heating loads for the tirst two r-able satellite grouping: ar:
a: follows:

Heating Loads (btu/hr)

Group I "Group Il
Min Avg Min Avg
Experiments o} 760 0 31k
Subsystems 324 32k 198 198
TOTALS 32k 1084 198 512

These heat loads are compatible with the Lunar Orbiter passive
thermal control system. Therefore, with the exception of local
insulation, no changes are required.

The third stable satellite experiment group presents a
greater thermal control problem. Figure VI.4-5 shows the heating
loads for this case. An active coolant loop circuit is required
to dissipate these heating loads, A schematic of & typical sys-
tem is shown in Figure VI.4-6. The coolant fluid recommended is
E-L at a flow rate of 600 lbs/hr. The coolant flow is divided
equally to the subsystem and experiment components. The radiator
size required to dissipate the average 1840 btu/hr to space is
30,0 ft=, The size of this radiator poses a significant integra-
tion protlem. Cold plates are probably required on five experiment
packages. These are:

1. IR mapping radiometer
2. MV radiometer
3. RF reflectance
4, Radar altimeter
5. Electromagnetic measurements
Also, some subsystem components will use cold plates. The total

weight of the TCS is estimated as 192 lbs., including 20 libs.
of multi-layer insulation blanket.
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Figure VI.4-6 Maximum Heating Load Condition - Stable Satellite Group III Experimerc Coolant System
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VI.4~4 Spinning Satellite (ATMP) Thermal Control Analysis - Two

candidate experiment groups were investigated for the spinning
satellite missions, These are listed in Table VI.4-4,

Table VI.4-4

Spinning Satellite Experiment Groupings

Group I

Group II

Mégnetometer (D.C.)
Magnetometer (A,C.)
Plasma Probe
Electric Field

Low Energy Particles

Solar Energetic
Particles

Meteorold
RF Transponder/Laser

Retroreflector

Magnetometer (D.C.)
Magnetometer (A.C.)
Plasma Probe
Electric Fileld

Low Energy Particles

Solar Energetic
Particles

RF Transponder

The average heating load
135 and 279 btu/hr. The
bilities of the passive
the AIMP satellites,

s for Groups I and II are respectively
se heating loads are within the capa-
thermal control techniques applied on
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