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RASA intends to measure the luner camposition directly
by means of 1ts Surveyor lunar probe now scheduled for mid 1963.

h-a-a-’f
Neither Air Force meesurements of overall lunar camposition,
— nor NASA messurements of spot compositions vill satisfy the

requirement for location of lunar resources. The NASA Prospector
e vehicle scheduled for 1966 will obtain more widespresd data,

but vhat is urgently needed is detajled knovwledge of the vari-
ation of lunar compositicn over the whole surface. This ean

only be accomplished by a luner oxrbiting vehicle with appropriate
insirumentetion. NASA presently has this planned for 1965 and
the appropristeness of their instrmmentation remains in doubt.
Also this 1s too late to meet the requirements of the LUKEX
program. - -

L.2.8.8

The importance of lunar subsurface structure in exploration
of the moon lies largely in e possible collapse hezard under )
vehicles end personnel; and in the possibility of utilizing-
‘subsurface structures as shelters and storage facilities.

. Present knovledge of luner subsurface structure is based
on a thecretical extrapoletion from the presumed origin of the
surface features. The majority of lunar geologists believe that
lunar craters were formed by means of the impact of large meteor-
—— ites, and that only limited volcanism hss occurred in the lunar
highlands. 'The maris, on the other hand, are thonght to be glant
- lava pools; although the melting is assumed to have been triggered
: by asteroldal impact.

Besed on these theories of origin for the lunar surface
features, it is thought that the subsurface structre of the lunar
highlands will consist lergely of overlapping layers of debris
ejected from the impaet craters. The collapse hazard of such
material is negligible. The meria should be covered by no more

— then 40 feet of vesicular (bubble filled) lava, with macimum
vesicle (bubble) size sbout six feet in Aiemeter. Such terrain

"."_?55 could present a collapse herard, the severity of which will
£ depend upon actual {rather than maximum) vesicle sizs,
i -

It should be noteq, however, that a rival theory for the
origin of lunar craters holds that they were produced by volcanism
a5 calderas. Should this theory be correct, the collapse hazard
in the highlands would Probably exceed that on the maria.
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In order to determine the lunar subsurface structure, it
1s necessary to place instruments on the moon. Thus, the Air
Force, although contriduting theoretical evaluations as described
ebove (under Project 7698) » h88 no program for directly determin-
ing lunar subsurface structure. NABA plans to place selsmometers
and & coring instrument in the Surveyor vehicle in m1d-1963 to
determine these parameters. Again, point measurements are not
sufficient, and geophysical instrumentation adequate for de-
teraining subsurfece structure from the lunar orbiting vehicle
(1965) should be developed.

k.2.8.9

The importence of lunar surface characteristics lies in
thelr critical importance 1in design of both rocket and surface
vehicies and in lunar navigation. Critical wurface characteri-
stics Include gross topography, microtopography and the natyre
of the lpner dust. Of these characteristics, knovledge of
gross topography will be Important in overall rocket design
&nd in design and operation of rocket landing and navigational
equipment. The microtopography (relief less than 20 feet) wil2
be important in ‘the design of rocket lending equipment and the
vehicle for surface exploration. The nature of the surface
dust will be most important in design of the vehicle for surface
exploration.

Present knowledge of gross topography shows that slopes
&re generally gentle, and topographic profile have been deter-
mined over a limited emount of terrain. Present knovledge of
microtopography is very limited. Radar retirns, once thought
reliable indicators of low microrelief, are now considered by
most space scientists to be so poorly understood that conclusions
nmay not be drawn from them. FPhotometric dsta appears to indicate
& rather rough surfaee, but this data is also subject to more
than one interpretation. Present knowledge of the nature of
the lunar dust is entirely thearetical. The leading school of
thought holds that the aust is compacted and sintered. Ap
opposing school holds that the dust bears an electrostatic
charge. Should the dust bear an electrostatic charge, it would
be very loose and probably subject to-migration. The hezard
to surface vehicles and even personnel is epparent.

__Groes lunar topography on the visible face is Presently
being mapped by the Aeronautical Chart and Informatien Center
based on techniques developed under Project 8602. Maximm
resolution is about 1/3 mile, and average resolution is ebout
one mile. Higher resolution photography and photography of the
back side of the moon will be obtained by the lunar orbiting
vehicle planned by NASA for 1965. A coopagative effort by ACIC
and NASA is presently envisioned to produce the necessary topo-
graphic lunar charts. : e
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.' Microtopography is being studied by the Army Corps of (
Engineers through raday experiments. (The Air Force work is
being done on the Millstone radar equipment) The neture of

Present lnowledge of these parameters is fairly precice
a5 a result of satellite ana deep space probe experiments by
NASA and the Ailr Force. Only the radiation enviromment within
s the first few meters of the lunar surface is still speculative

1 4
_u'!f- [

bombardment as well as secondary X-reys. The density of the

electron clcud is unknown, and may be critical for Junar comuyni- (
. cetions.

The Air Force is studying the lunar and cislunar radiation
enviromment under Projects 6687, 6688, 7601, 7649, and 7663 bn
means of satellites, deep space probes, and vertical sounding
Tockeis. The NASA Swrveyor vehicle (m1d-1963) should glve de-~
tailed knowledge of the radlation environment at the lupar surface,

The lunar megnetic Tield mey be important to space and
luner surface navigation, and in its effects on ionized lunsr
materials.

; & magnetic field. Thus, all magnetic effects should be derived

from the very low intensity interplanetary field ana magnetic
fields, "frozen" into solar plasmas.

smell, but it is generally thonght that the moon does not yossess
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It 18 intended to roint out here the ‘overall materia} Problem

m— and programs which wil) contribute to_its solution,
B 4.2.9.2 The absence of an atmosphere on the moon incresses
PRI the radiative riux (particle ang electromagnetic) from the sun

HBRn and light.weight D. _ !
of free radicals ang Eubsequent depolymerization. The need for
light-weight shielding ig ebparent. 'The vacuum conditions of
the moon woulg aggrevate the problems associated with moderately
volatile constituents of plastics, lubricants, ete. For
T instence, the relatively volatile Plasticizerg 1in g DPlastic
e materiel could evaporate and interfere with the Plastic

and ae sych Potentially increases the Posslibility or damage to

.

o function. Finally, the results of impsct of micrometeorites
e on Etructural materials mist be determined. All desirapie

4.2.9.3 Some of the specific material requiremants
thet can be identified are:

" 8. Iubricants that wily function for long periods of
time in & vaeuum and temperature conditions such ag exist in
A the moon.
b, Materialg that will not sublimate in g vacuum at
moon tempersture,
¢. ILight-weight Shlelding mnteria) egainst meteorites.
- d. Iight-weight. radiation shielding.
£ ©- Shock-absorbing materia) that wiyl function at
= 330°F,
il L o
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f. Coatings that will resist rediation, especially
Auring periods of solar fleres.

€. Glues and adhesives that will function with lunsr
meterials.

k.2.9,4 Present projects to raise the level of technology
in materials are listed below. They will be supported as
required to insure success of the Iunar mission.
7312 (U) Finishes and Materials Preservation.
7320 (U) Afr Force Textile Materials.
7340 (U) Fon-Metallic & Composite Materials.
7351 (U) Metsllic Materials.

7371 (U) Applied Research in Electrical, Electronic,
and Magnetic Material.

7391 (U) Energy Transmission Fluids.
4.2.9.5 While work in the basic research program cannot

be counted on to provide technical bresk through within ihe
time schedule of the LUNEX progrem, materials study of this
type will be monitored so that all technical advances can be
integrated into the IUNEX program. Specific examples of
projects of this type are: '

8806 (U) Research on Materials at High Tempersture.

7022 (U) Surface and Tnterface Fhenomens of Matter.

9760 (U) Research in Properties of Matter.
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k.3 TEST PLAN

The development and production of the equipments for the Lunarx
Expedition will require = concurrent end detailed test program.

The test program will be carried out on the basis of research
teste to esteblish design criterie, materials, tests, component
tests and finally, & progressive series of tests es components are
agsembled into subsystems and major systems and structures. Inte-
gration tests for fiight suitebility will be conducted for sll1
functioning systems and the camplete vehicle. Payload effects on
the booster structure will be determined with & simulated psyload.
Subsequently, a flight-type payload will be used to demonstrate
booster-payload system compatibility, relisbility, crew safety,
and mission performance.

Buphesis will be placed early in the program on research tests
to derive besic design criteria, define the configurstion and de-
termine serodynamic parameters.

Teste are to be run at Frogressively higher levels as the design
evolves. Thus, entire subsystems, combined subsystems and complex
major structures are to be subjected to evaluation tests as necessery
to investigate camponent end subsystem interactions, or to prove out
camplex structural designs.

A captive-test-vehicle firing program will be the culmination
of ground development testing. The over-all objective of the captive~
firing program is to demonstrate setisfactory integration of the
propulsion system with other vehicle systems thet have an interface 3
direct or indirect, with the propulsion system. The early tests
will be conducted in a simulated vehicle with the airbome vehicle
Eystems installed on & heavy-wall propellant tenk section. 'The
tanks will be supported by a test stend structure vhich will also
restrain the tanks agsinst propulsion system thrust forces. For
Tinal testing a flight-type configurstion will be used during
captive tests, .

Flight testing of the High-Speed ﬁe-entry Test Vehicle, the
Abort System and Orbitsl, Circumluner and unmenned Iuner Lending
eand Retumn Vehicles will complete the development progrem.

k.3.1 TEST CATEGORIES
4.3.1.1 RESEARCE TESTS

T Tests wvill be run in appropriate research laboratories
to define besic design.criteria in at least ‘the following technicsl
areas: ks ~
: ’.- * .‘ - b -
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&. Propulsion

b. Heat transfer

¢. Aerodynamic forces and pressures

d. Materials

e. Statics (structures)
4.3.1.1.1 Propulsion Tests--Wind and vecuum tunnel tests will be
conducted t6 investigate the problems of multiple re-stert in a
vacuum enviroonment, to develop throttleable techniques, to de-
termine lunar lending problems s and to determine the desirability
of using the same engines for luner landing and lunar laxmching_.

Tests will be made to evaluate the propulsion stage for
the eircumlunar flights and to determine the capability of the abort

Propulsion system to accomplish its objective.

4.3.1.1.2 Beat Transfer Tests--Testing will be reguired on the
insulation for the liguid hydrogen tanks to determine:

&. Optimum material thiclknesses and veight

b. The amount of liquid hydrogen boiloff

¢. The air leakage through seals

d. The airlosd effect on structural integrity

€. The thermal bowing of insuletion panels

f. The separation distance between.pane_l and tank skin

_ Scale-model or modified full-scale air-conditioning tests
will be conducted on engine campariments, adapter sections and flight
equipment storage areas.

Beat transfer characteristics for selected meterials,
structures, and surfaces will be required to support the engineering
design.

4.3.1.1.3 Aerodynamic Force and Fressure Wind-Tunnel Tests~-Wind-
tunnel model tests of the launch vehicle and payload configuration
vill be required to accurately determine the serodynsmic forces
and moments imposed on the vehicle during the boost trajectory.
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These tests will provide data for determination of structural design
eriterie, aerodynsmic stebility and control parameters, and the per-
formance penalty lncurred by eerodynamic drag. The test rrogram will
include both force and pressure measurements through the flight Mach
number range for which these effects are significant.

Wind tunnel testing of selected shapes at velocities never
before studied will be necessary to determine re-entry vehicle character-
istics. Particular emphasis vill be placed on control surface capability
and heeting problems. Maneuverability limits, g loadings, re~entry
corridor characteristics and subsonic landing characteriptics must be
determined in support of the engineering design progrem.

Integration and correlation of the ground wind-tunnel
testing with the high-speed re-entry flight test program is essential.

4.3.1.2.4 Material Tests--A meterials development test program will

be undertaken to determine the allowable design strength values and
provide design information on the selected structural materials over
the zppropriate temperature ranges for the base metals, ablative
surfaces, and velded joints. Particular emphesis will be placed on
tendency toward brittle fracture under service conditione and in
selecting materials for re-entry at 37,000 ft/sec. The testing program
will consist of at least the following:

&. Owooth and notched static tensile tests of the selected
materizls.

b. ©5tatic tensile tests of welded Joints, both fusion-
end resistznce-welded, for the selected jJoint configuration for each
type of sheet material.

¢. Smooth and notched static tensile tests of the selected
exvrusion and forging materials.

d. Notched impact tests of the extrusion and forging
materiels.

e. low-cycle, high stress fatigue tests of welded jolnts
made by the fusion and resistance methods for the selected Joint con~
figurations in sheet materials. '

This data will be accumulsted for the appropriate temperature
ranges, 1.e., from elevated re-entry temperatures to the cryogenic
temperatures in the tanks, as dictated by the rrojected environmental
requirements. In addition, supporting tests such as metallographice
exzminations and chemical composition determinations will be made as
recuired.
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' 4.3.1.1.5 Static Tests--The static-test program will fnclude
design and structural substantiation testing to demonstrate
structural integrity of the Manned Innar and Cargo Peyloads.

Structural substantistion testing to design loeds and
temperatures will be accomplished on & full-gize stud tank, identi-
cel (except for Iength) to the Lunar landing Stage tank. '™is

One complete interstage adapter will be tested to ultimate
design lo under appropriate environmental conditions. The adapter
will be ettached to & stub tank identical to the Limar Launching
Stage tank section in every respect except length, to ensure realistic
load introduction snd takeout.

A stub tank will also be used to demonstrate the Integrity
of the Lunsr lLeunch Stage tank construction wnder design loads and
environments. Methods of introducing the payload vehicle loads into
the edapter section mnd thus the Lunar Launch Stage tanks will be
determined.

Tests will also be run on full-size tank bulkheads.
These will be attached to a segment of typical tank strueture,

Ground handling equipment tests will cover cxitical
fittings end Jolnts for structural substantiation of these items
under design conditions.

4.3.2 DESIGN EVALUATION TESTS

Component design evaluation testing is defined here as in-
formal testing conducted by the vehicle contractor, or vendor test
labs, for the purpose of basie design evaluation prior to production
release, and to pinpoint critical areas in prototype packages.

Quelification testing is defined as those formel tests per-
foxmed on flight-type hardware to demonstrate complisnce with design
specifications. & qualification test plan will be prepared approxi - -
mately 90 doys after engineering—go—aheaa"bﬁﬂinin'g the qualification
test conditions. The qualification tests are to be performed in
striet accordance with written and approved detailed test procedures,
and vitnessed by the Afr Foarce, or an approved representative,
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‘ The vehicle contractors test laboratories will ‘conduct these tests,
. or subcontract end supervise them at an independent testing agency.
Comiponents to be tested will be determined daring the engineering
deslgn effort. .

Controlled envirommental conditions will simulate conditions

that eirborne and ground support equipment sxe expected to experience
during manufecturing, shipping, storage, rreflight and flight.

T

esiim Environmental testing conditions will be established based
- on data alresdy cbtained in research and development programs on

A large rocket-powered vehicles and mssociated support equipment.

T Conditions for shipping, storage and hendling envirommental tests

are eptablished in current military and commercial specifications.
Subsystem, combined subsystems » &nd structural evaluation tegts
will be run in sppropriate laborutory facilities to investigate
component end subsystem interactions » and to prove out structursl
designs. Acceptance test rrocedures will also be developed for use
in the factory on deliversble hardware.

A test plan describing the basic conditions and test objectives

St of each factory system test, along with the checkout perameters angd
T recorded evaluation date, will be prepared. '
A final mcceptance test will be required .t the time the con-
tractor delivers the vehicle to the Air Force. Test conditions will i (
. be as close to the flight conditions as is feasible end safe. 411
systems vill be energized snd operated simultaneously.

A final acceptance test evaluation document will be prepared
for use by the Air Force and the contractor in determining complisnce
et vith test requirements. )

Systems acceptance test rrocedures will be based on all eritical

- parameters required to determine yroper functioning of each syastem in
accordance with design specifications and dravings. This will assure
& coordinated effort of vehicle design, test equipment design end

factory acceptance testing.
k.3.3 FricEr TESTING

'"' The LUNEX f1ight test program represents a long and expensive

& effort leading to the first mapned landing on the moon. It requires

.. basic research flights, equimment checkout flights, capability  _ .
- demonstration £11ghts-ang Tinally the msnned spd cargo Luner Expedi-

tion flights. 'Ih:!.q type of effort can only be achieved efficiently
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. The Lunar Expedition flight test progrsm will provide
many side, but important space capabilities. For exsmple: in
April 1965 the first orbital f£11ight capability in a true space
vehicle will be possible; in September 1966, man will make his
First flight around the moon in a fully maneuversble and recoversble
re-entry vehicle; and in August 1967 the first mesn will land on the
moon. Essentlally these can all be called test flights, but in

o each cese the system is only at the beginning of its cepebility

e instead of being & dead-end itemt. Each of these capsbilities may

reedily be expanded to provide a military capebility i1f necessary.

The flight test program is sumparized on the Luner Expedition
Test Schedule. The following major cbjeciives will be accomplished
in the indicated pesrt of the tect progrem.

h.3.3.1 HIGH-SPEED RE-ENTRY FLIGHT TEST

A Since present vind-tunnel cepabilities ere limited to

F spproximately 18,000 ft/sec., it 1s necessery to perform re-entry
flight testing at velocities that range from 25,000 to 45,000 ft/sec.

The major objectives of this test progrem sre to:

8. Verify or disprove present theorles on basic re-entry
( techniques as extrapolated to the steted velocity range.

. b. Determine problem areas and develop new fundemental
theory, numerical procedures snd testing technigues vhere reoquired
for this re-entry range.

o S c. Xdentify the folloving:

- (1) Items that can be inveétigated further on a
leboratory scale.

(2) Specific laboratory fecility resuirements.
(35 Additions)l flight tests that must be performed.
d. Support the engineering design rrogrem for the LUNEX
— by providing the sbove data and special shzpe testing 1€ reguired.
T 4.3.3.2 DOWEX RE-ENIRY VEHICIR FLIGHT TEST
— The Linex Re-entry Vehicle will be flight tested by

various technigues and in verying environments. Esch test will
be designed to allow the vehicle to proceed to the next more
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difficult step. The major testing steps are rresented below with
the major test objectives for each step.

a. Protot Test
Prototype vehicles will be drop tested from a B-52,
or equivalent, in both an unmenned and a mamned series of tests.
Eoch series will be designed to:
(1) Establish landing characteristics.

(2) Measure inherent subsonic, transonic, and
hypersonic stability and control characteristics of the vehicle.

(3) Explore the flight characteristics of the re-entry
vehicle in every possible portion of the Mach mmber spectrum.

(4) Train LMEX Crews.
b. Orbital Test:
Maximm use will be made of SAINT orbital test infor-
mation and unmanned snd manned flights will be accomplished. Thege
tests will demonstrate: ) (

(1) The capability of the Limex Re-entry Vehicle to

operate in the orbital area.

(2) Re-entry capabllity at velocities of 25,000 £t/sec.

(3) The maneuversbility of the re-entry vehicle end
its capability to land at a preselected earth bage.

¢. Circumlunar Test

This f1ight will use the Circumlunsr Propulsion Stage
and the Lunex Re-entry Vehicle. The major test objectives are:

(1) To serd an unmenned and then @ manned vehicle
around the moon and return for an earth landing at & selected base.

- (2) To check out gildange, flight control, commmi- . _
cations and 1ife support sub-systems in a true space enviyoninent
rrior to landing on the lunar surface.

(3) To perform manned reconneissance of the lumar

&urface..
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d. Tunsr Landing &nd Return

The unmanned vehicle flights will check out the Manned
Re-entry Vehicle and related systems to provide s canpletely auto-
matic system before man first tries the most difficult step in the
LUNEX program. 'The major test objectives for these Tlights will be

(1) Check out the Iunsr Yanding and Lunar Launching
Btages.

(2) Check out the Cargo Psylosd's sbility to deliver
cargo packeges to a preselected site on the lunmar surface.

(3) Place three men on the lunar surface so thet the
initial surface recomnaissance can be accomplished prior to the
arrival of the Lunar Expedition. ' |

4.3.3.3 LUNAR IAUNCH STAGE FLIGHT TEST

The Lunar Launch Stege will be initially checked under
orbital conditions to:

&. Demonstrate space environment operation.

b. Demonstrate engine restart after "sosking" in space
for an extended period.

¢. Demonstrate autamatic checkout, communicetions s and
remote control capability.

The Luner Launch Stage will then be flight tested with the
complete Manned ILunar Payload for the unmanned and manned Lunar
landing and Return Missions.
4.3.3.4 LUNAR IANDING STAGE FLIGHT TEST

The ILunar Landing Stage will be initially checked out by
drop testing. - These tests will;

a. Demonstrate landing techniques and the capability of
the selected landing system.

b. Evaluate the effects of unexpectéd terrain variation.

¢. Determine the effects of malfunctioning equipment
during the landing maneuver.

L.%1 WDIAR-S-458
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. d. Evaluate the effects of engine blast on landing
. surfaces similar to the predicted lumar surface.

The Lunar Landing Stage will receive its first space
evaluation in orbit. The major cbjectives are:

8. Correlate drop-test data with orbital or space

operstions.
I
"‘“‘ - b. To detemine the effects of space enviromment on the
T stage. :
| The first Lonsr Landing with the Lunar Landing Stage will
be accomplished with a cargo package as the payload. When this has
been campleted 8 Iunex Re-entry Vehicle will be landed unmenned.
The test objectives are to:
8. Demonstrate the feasibility of landing large Cargo
e packages on the lunar surfece.
! b. Demonstrate the feasibility of automatically lending
B & "manned vehicle" vhile unmanned.
¢. Provide a man-rated system for the Lunar Expedition.
4.3.3.5 CARGO PACKAGE CONFIGURATION FLIGET TEST
. ' Various configuretions for the Cargo Packege of the Lunex
Cergo Payload will be tested.. The obJectives exe to:
S ' &. Determine the Cargo Payload aerodynemic characteristies.
: b. Demonstrate that the Cargo Packages can be delivered
. vhere desired on the Lunar surface.
4.3.3.6 ABORT SYSTEM FLIGHT TEST
The fact that & system of this magnitude must possess some
measure of "unrelisbility" 1s recognized and a "fail safe” mbort
system Is required to insure the swrvivability of the crew. 'The
— test objectives for the Abort System Flight Test Program sre to:

= 8. Demonstrate that crew members in the manned Iunnex
i, Re-entxy Vehicle can be recovered safely in thie event of &-melfunction.

. b. Demonstrate that the Space Launch System is capable of
shu#-down, or thrust vector change, so that crew abort ie possible.
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L.3.4 CHECKOUT AND TEST EQUIPMENT

The test equiyment will be fully sntomatic with quantitative
readout capubility for all critical functions. The Lumex checkout
equipment will be the same, or compatible with the Space Launching
System checkout eguipment. _The equipment will be capable of checking
out the complete booster and payload system as well as any individual,
or isolated component, or subsystem. It shall be fully capable of
checkout of emy one stage, or the re-entry vehicle, a5 an isoleted
unit, and will mate with the stege interface functions snd furnish
appropriate operstional or similsted error inputs to the stage
systems.

For the time period of interest, it is entirely practical to
Incorporate malfunction predietion capability for preventative msinte-
nance. This will entail a computer function which will accurately
control and record the input and output signal velues to each system
or component. Variations in operation will be recorded and compared
to predetermined failure values » Or characteristics and will forecast
the remaining service life of the system under test.

The checkout equipment shall be installed in esch blockhouse
and it may be used in conjunction with the launch grea. This same
equirmment shall be utilized in the vehicle menmufacturing checkout
end test functions, as well as in the launch complex, receiving,
inspeciion, and maintenance facilities.

The blockhouse egquipment will monitor the launch control system
commands and inputs es well as those of the rayload. Because the
launch control equimment will display only go/no-go signels, the
cheekout and test system will furnish quantitative displays of any
furction under question for human appraisa) snd decision.

When the systems are flown unmanned and on the early manned
lunar flights 1t will be necessary to provide automatic checkout
vhere appropriate via a telemetry link. As an example y prior and
during lunar launch the checkout Procedures vill be monitored at
the earth eontrol station via the telemetry link.
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production effort. ;. .-~

k.4  PRODUCTION PLAN

At the present time a detailed Production Flen is not
available. However, the present Preliminary design study.wil)
be completed on 30 June 1961 and the finsl report to be
bprovided by six independent contractors will include their
Proposed Production Plan. When the study results have been
evaluated a Production Plan for the Iunar Expedition will be
Prepared.

Several points are apperent at this time and they are
Presented for completeness in this plan.

441  QuANTTTY

Limited quantities of early egquipments will be required
until the test program improves and increases the capability
of each item and production quantities become possible. Thus,
a8 development and testing proceeds the equipments will become
more standardized and production techniques will become more
applicable. When the Lunar Ianding and Return Tlights are
initiated it will be necessary to launch vehicles at rates
that vary from one to two flights per month. When the Innar
Expedition 1s actually underway the lasunch rate will remain
et a rate of two per month for an extended period. Considering
the size, veight, complexity and importance of these vehicles
this represents production rates even when compared to past
aircraft or missile production programs.

it.ll-.Q QUALITY

The ivherent relisbility of the systems required for the
Iunar Expedition program will be maxinized by good design
practice. Reliability testing represente a major effort of
the test program, but the achieved relisbility of these systems
can only be waintained during production by an excellent
quality control program. 'This means that good organization,
edequate manning and early recognition of the quality control
problem ig essential. Close coordination is required between
the gquality control personnel and the reliability personnel

——_1in the design, development, and test program 1f the relisbility — -

program end the test results are to provide the proper
guildence so that quality can be maintained throughout the
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4.4,3 LOCATION

It is anticipated that most of the major systems and
sub-systems can be mamufactured at facilities, or locations
presently in existence and available to the aerospace Induetry.

—— However, the possibility does exist that certsin items, such
I es the first stage solid propellant stage, may be mamifactured
<o at the Iunar ILeunch Complex due to its size and transportation
g limitations. These varticular items heve not been specified
at this time, but this will be doné as scon a8 possible.
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P BUDGET AND FINANCIAL

5.0  INTRODUCTION

The funding estimates for the Lunar Expedition Program are
baged on results obtsined fxrom previous concept, feesibility, and
rreliminary design studies. These results were published in the
Lunar Observatory Fioal Report, Volume I - Study Summary and
Program Plan, numbered AFBMD TR 60-Ml and dated April 1960. The
costing of this program wes accomplished by the Rand Corporation
and was based on & campletely integrated program.

The funding estimates for the Lunar Expedition represent
&ll the costs of establishing a habitsble facility on the moon
except the cost of developing the Space Launching System.

This funding would include a Lunar Transport Vehicle de-
velopment progrem that would give the U.S. the capability of
using the moon and space. Then if the need should develor in the
future, the Lunar Expedition Facility could be expanded to support
military operaticns. Studies have shown that the moon Dossesses
real military potential and it could support & recallable deterrent
capability. The development of the Lunar Trensport Vehicle repre-
sents & minimum program for the Air Force to obtain control of the
cislunar volume and the lunar surface.

5.1 BUDGET ESTIMATE AND FINANCIAL PLEN

A preliminery design for the Lunar Transport Vehicle is
presently being accomplished by six contrectors on &n active
study program. This program was funded for $300,000 in FY 61
and three of the contractors are each performing the design
under a $100,000 contract. The other three conirectors ere.
participating on a voluntary besis.: The fingl reports for this
preliminary design will be submitted to the SSD on 30 June 1961.
Evaeluation of these reports will follow immedietely end ‘the results
will bBe used to revise this document vhere necessary. The LUNEX
program has an Engineering Design competition scheduled for initi-
ation in January 1962. This competitive effort would be evaluated
and a decision on the manufacturing approach would be possible by
Jenuary 1963. To accomplish this progrem the following funds will

_be reguired:

Year- FY-62 FY-63 -. Wgt o ;.
3 26.9 1i2.2

Should the above funds not be made available, the schedule for
establishing the Iunar Expedition will be delayed proportionally to
the delay in funding. .
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5.2 COST ESTIMATES .
o

® ]

ol
The funding requirements for the complete LUNEX Program are as

foll'gws:
F.Y. COSTS (In millions)
— 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971
R&D |26.9 104 | 335! 660]1084 1608! |
e v " T - |
VORAR. : : i 1 : 1
R Launch Facilities : 8 64 &b H ; i
— M = 1 ¥ )
Expedition Costs o . 11135(1023' 798 631
Anmial Total 126.9, 112 399! 72h] 1084] 16081 1135(1023 798 631 |
o Program Total 754
il To accomplish the IUNEX Program, additional information about the
e lunar surface {8 required at sn early date. This means lunar surface
photographs from & lunar orbiting vehicle and the delivery of a radio-
light beacon to the lunar surface by a soft landing vehicle. Present
RASA programs will provide some information and cepability. However, (
. to meet the IUNEX program schedule, the following additional funding
will be required by either the HASA or the Air Force:
L _ Unmanned Vehicles F.Y. COSTS (In millions)
o | 1961 1962 1963 1964 1965 1966 1967
el Iunar Photographs and 1 L

Redio-Light Beacon

f r i

115 |75 8 115 | |

3 ! :

Recovery of Lunar ] !
i

| H ! .
Core Sample 12 |35 | 85 285 1265 . 85 ! 2b
 ANNUAL TOTALS 27 110 | 175 300 .265 ' 85 : ok
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5.3 FY 62, 63 FINANCIAL PLAN

MANNED IUNAR PAYLOAD
Lunex Re-entry Design & Mockup
(2 cont'r, 8B M ean)
ILunar Landing Stage
(2 cont'r, 1 M es)
Lunar Launching Stage
(2 cont'r, 1 M es)

SECONDARY POWER
Manned Vehicle Power Syetem
Surfaece Vehicle Power System 515 kvw)
Nuclear Lunar Facility Power (300 kw)
{Spur Program Support)

GUIDANCE
Mid-course System
Tunar Terminal System
Lunar Ascent System
Earth Return System

Crew Compartment Design
Ecological System
Moon Suit or Capsule

COMMUNICATIONS & DATA HANDLING.
Manned Vehicle Video System Deslgn
Wide Band Moon-Earth Link Design
Secure Rarrow Band Link Study
Man-Man Lunar Surface.

Materisls and Resources

Re-entry Meterials Research
Lunar Neturel Resource Dev.

$ In Thousands

16,000
2,000
2,000

100
1,000

1,000
500

- 26,900

FY-63

80,000
10,000
10,000

1,000
1,500

450
450

500
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