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FOREWORD

This document provides s plan for a manned lanar Expedition.
It wes prepared to furnish more detailed informetion in support
of the Rational Space Program proposed by a USAF comittee
chaired by MajJor General J. R. Eolzapple. That report pointed

vat the dire peed for & Foel for ar natiooal Bpace program.
The Dinar Expedition was chosen a8 the goal sinee it not only”
provides a sufficient challenge to the natiem, but slso provides

technical fall-oute for greatly improved space capabilities.

Previous editions of this plan have provided guildance and
incentive to Air Force technical groups- Consequently, thelr
efforts have established a broad technical base within the _
Air Force from which rapif - ivinces can be made. This capa~ _
bility has Been taken into acecunt in laying out the accelerated o
schedules in this plan.
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1.0 SUMMARY
1.1 PURPQSE

The Lupar Expeditien bas as its objJectlve manned exploration
of the moon with the first menned landing end return in late 1967.
This one achievenent if accomplished before the USSR, will serve
to demonstrate conclusively that this patien possesses the
capability to win future competition in techuology. No space
achievement short of this gosl will have equal technological
significance, historical impact, or excite the entire world.

1.2 BACKGROUND

Extenosive studies by Air Force-Industry teams during 1958,
1959, and 1960 examined all facets of the problem and technigues
of sending men to the moon and resulted in a femslble concept
whieh 1s atiainable at an early dete and 1s economical and relisble.
Laboratories withlin the Air Force participated in this effort, thus
-establishing & broad technological base which can reaet gqulekly to
an expanded high priority program.

1.3 DPESCRIFTION o

The lundar mission would be initiasted by the launching of the
lunsr payload by & large, three-siage llquld or solld propellant -
booster to escape velocity on a lunar intercept trajlectory. The
payload, consisting of a Lunar Landing Stage, Lunar Launching Stage
and 8 menned vehicle, would use a lumar horizon scanner and e
doppler altimeter for orientation prior to a soft landing using
the Lunar Landing Stage. Terminal guidance using prepositicned
beacons would be required for landing et a preselected site. The
Lunar Leunch Stage would provide the necessary boost for the return
to earth of the manned Lumex Re-entry Vehicle. Using mid-course
guldance and aerodynamic braking, the vehicle would effect re-entry
and & pormal wnpowered alreraft landing at a ZI base.

In addition to the manned vehicle a_ cargo peyload 1s included
in this plan. The cargo payload would utilize the same three-stage
eartk launch booster and the same lumavr landing technigues. Howr-
ever 1t woiuld not be returned to earth and would be used only to
transport supplies and cargo to the expedition on the moon.

The primary concept recommended in this pl.a.n 1s the "di
shot" method slince studies have indicated 1t could be available
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”.~at an earlier date and it vould be more relisble. Another concept -
is also Buggested which consists of the renfezvous and assembly of
components in an earth orbit before injection into a lumar trajectory.
The technigques and development required for thls latter concept are
documented under a separate SSP titied, SATKT. Therefore, no
details of this concept are presented in this plan. All schedules
relating the two plans have been coordinated to insure compatibllity
snd to take sdvantage of mutual advences. Sigce nelther rendezvous

' techniques nor large boosters have been demonstrated, both spproaches

* must be pursued until i1t becomes obvious that one of them has tlear
advantages over the other. - :

b '
L

W

The following developments are required in order to accomplish
the lunar expedition:

a. A threé-man lunex Re-entry Vehicle. This vehicle
mst he capable of re-entry into the earth's atmosphere at velocities
of 37,000 ft/sec. It must also be capable of making a conveptionsl
alreraft landing. Control eand improved guidance for entering the
earth's stmosphere 8t the proper place and angle is needed as well
as igproved materials to withstand the high surface temperaturss.
Adequate life support equipment ie also regnired. The development
of this vehicle is the key to tlie sccomplishment of the LUNEY
vrogram end ic one of the pacing development items. A detailed
schedule for its develomment 1s included.

PE -

. b. A Lupar Landing Stage for dscelerating and landing the
entire psyload. This stage must have the capsbility to decelerate
134,000 pounds from a velocity of almost 9,000 ft/sec to 20 £t /sec

at touchdown. A doppler altimeter is required to provide information
for ignition and control of the engine. Horizon scanners must be
used to orilent the payload to the local vertical.

c. A lumar ILsunch Stage capsble of lasunching the manned
Lunex Re-entry Vehlcle from the lunar surface. Iunar sscent
guidance is required to place the vehicle on the proper trejectory.

d. A three-stage earth leunch booster, referenced ms a
space launching system. The first stage will use elther LOX/LHE
_ with six million pounds of thrust or a solid fuel with an eguivalent
"  launch capability. The second and third stages will use LOX/LH,.
. The development of thie space launching system 15 congidered the
ess  pacing development 1tem for the LUNEX program. Because of the
megnjtude of the booster program and the applicability of the
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booster to other programs, the plan for its development ie being
precented separataly.

In addition to the sbove listed hardware developments,
additiopal information is required about the lunar surface such

Ip—

- as 1ts physieal and roughness characteristics. High resclution
photographs of the entire lunar surfece may provide this informetion.

i 2 Present NASA plans if expedited could provide the informetion for

: this LUNEX program. NASA's SURVEYCR (soft lunar landing) program
could also lncorporate radio-light beaccns which would be used
later in conjunction with & terminal landing system. A core sample
of lurar material 1Is required as scon &g possible so that design
of lunar landing devices and lunar facilitiés can be accomplished,

1.4 MAJOR PROELEM AREAS

_ The develcopment of techniques for re-entering the earth's at-
i mosphere at 37,000 ft/sec i1s ocne of the major problems. Guidance
equipment must be very accurate to lnsure that the re-entry angle

15 within t 2°. Too steep an entry angle will cause overheating
and untolerable G lomds, while too shellow &n entry angle may
pemit the Lunex Re-entry Vehlcle to skip out of the atmosphere
( into & highly eccentric earth orbit. If this bappens, the vehicle
w2y epend seversdl days 1n the trapped radiation belts and may sxceed
. the time limits of the ecologlcal system.
. The Lunar Landing Stage will be s difficult development be-
":;"’1 ceuse of & requirement for orientation with the locel vertical
- when approaching the moon. It must alsc be guided to the selected
T landing site. Many tests will be required to develop the necessary
s equlpment.

The Lunar Lsunchlng Stege will be another difficult development.
The prelaunch countdown must de performed automatically and, if the
launching booster 16 not vertical upon launch, corrections must te
made in order to attain the required moon-earth tmjectory.

- Although the foregoing developments are difficult, no
P technologiecal hreak-through will he required. All designs can be
e based on extrapolation of present technology.
S £ .

1.5 MILESTORES

Major milestones in the program ore:
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ocs. Recovery of ‘4 manned re-éntry vehiele frem 50,000 miles
in 1965, .

b. Manned circumlunar £flighi in 1966.
¢. Monned lunar lending and return in 1967.
These snd other significant events are shown oa Chart I-A.

1.6 CAPABILITIES DEVELOFPED .

The development of large boosters, rendezvous techniques and
maneuverable space vehicles, all reguired for the Lunar Expedition,
willl also provide a capability for many new and advanced space
achievements. For example, the Space Iaunching System which will
boost 134,000 pounds to escape velocity will boost approximately
350,000 pounds into & 300 mm ordit, or will launch & manned vehicle
on & pass around either Mars or Venus.

1.7 MANAGEMENT ACTIORS REQUIRED

The major Management Milestones for FY62 and FY63 are ghown
on Chart I-B. Imnediste attention by Monagement to obtain Program
Approval and Funding by July 1961 is necessary if the United
States iz to put a "man on the moon" by August 1067.

Throughout the IUNEX program time allocated for manasgement
and Air Force technical evalustions has been kept to:a minimum.
This 1s essentinl to meet the schedules, snd delays in providing
funding as indicated, or in receiving notification of reguired
decision, will have the direct effect of delaying the program end
objective.
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PRELIMINARY DESIGN COMPLETE ( LUNEX PAYLOAD)

CHART 1-A
LUNAR EXPEDITION PROGRAM MILESTONE SCHMEDULE

CALENCAR YEARS

1961

1962 1963 1964

1)

1967 1968

PROGRAM APPROVAL AND FUNDING

ENGINEERING DESIGN AND MOQCK-UP

INITIATE HARDWARE PROCUREMENT

RE-ENTRY VEHICLE {90% ENG REL }

LUNAR LANDING STAGE {90% ENG REL)

FIRST MANNED ORBITAL FLIGHT

CARGO PAYLOAD {90% ENG REL)

LUNAR LAUNCR STAGE {90% ENG REL)

FIRST LUNAR LANDING (CARGO TEST FLIGHT )

MANNED CIRCUMLUKAR FLIGHT

SPACE LAUNCHING SYSTEM FLIGHT QUALIFIED

wn LUNAR LANDING &ixe RETURN
PEMWANENTLY MANNED LUNAR EXPEDITION

LUNAR EXPEDITION FUNDING REQUIREMENTS ( MILLIONS)

2r he- 350

710

1320

1405 | 1760
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IB LUNAR EXPEDITION

MANAGEMENT MILESTONES FY62 - FY63;

y START PRELIMINARY DESIGN (LRV)

B

4 _COMPLETE PRELIMINARY DESIGN (LRV

$
4 PROGRAM APPROVAL AND FUNDING

1
4 ENGINEERING DESIGN COMPETITION

§ _AND MOCK-UP

| ]

1 Contractor No. 1 {Lunex Payloads)

)/ 8

n Contractor No. 2 {Lunex Payloads)

3 DEVELOPMENT - FRODUCTION FUNDING
1k

Il _DESIGN CONCEPT DECISION

AFPPROVAL FOR HARDWARE GO-AHEAD

CONTRACT AWARD

NRRSE

1 _LUNAR TRANSPORT VEHICLE PROGRAM

5 LUNAR EXPEDITION

3 PROGRAM
1 _
A REQUIRED ¥ UNDING (MILLIONS)
n —

0 ¥Y-b2

il

1 FY-63

b

H FY-64

i

i

1

a_

™ LRY - Lunex Re-entry Vehicle
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SECTION II

PROGRAM DESCRIPTION
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2.0 BACKGROUND

Shortly after the first Sputnik was hunched in October 1957,
.Headquarters, ARDC Initiated a series of studies to examine the
military potential of space operations. These studies were
accomplisbed by Industry-Air Foree teams each working independently.
Two of these studies which were the forerunners of this Lunex plan
were "Luner Observatory" and "Strategic Lunar System."” The objective.
of the first study was to examine an economical, sound and.logical
approach for establishing a manned intelligence observatory on the
‘moon, and the second siudy exsmined the military potential of lunar
cperations. These studies showed that 1t is technically and °
economically feasible to build a manned lunar facility.

A third study titled, "Permanent Satellite Base ard Logistic
Study" is presently under way and will be completed in August 1061.
This study will provide a conceptunl design of & three-man re-entry
vehicle which will carry mer to €nd from the moon, The three-man
vehicle is the key item in the lunar transportation system as 1ts
wvelght will dictate the booster sizes. For this reason it ie given
special attention in this plan.

2.1 JUNEX FROGRAM OBJECTIVE

The objJeetive of the Lunar Expedition program is ithe menned
exploration of the moon with the first manned luner landing to
occur as soon as possible. The execution of this plan will land
three men on the moon and return them during the 3rd guarteér of
calendar year 1967, and will esteblish the Lunar Expedition .-
in 1968. Completion of this plan will require the Gevelopment of
equipment, materials, and technlques to transport men to and from
the lunar surfaece and to provide a lunar facllity which will allow.
men to live and work in the extremely harsh limar environment.

2.2 LUNEX PROGRAM - DESCRIPTION

The Luner Expedition Program i1g primarily concerned with the
development of the equipment necescary to traneport men and supplies
to the lunar surface.

The key development in this program is the Lunar Transport
Vehicle vhich is ccmposed of the Space Launching System and either
the Manmed Lunar Payload or the Carge Payload.

The Manned Lunar Payload consists of a three-man Lunex Re—Entry
Vehicle, a Lunar Launch Stage, and a Iunar Janding Stage. The

same Iunar Landing Stage, plus & cargp package, composes the Cargo
Payload. The relative effort required for the development of these
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two payloade in comparison with otber portions of the compiete Limar
Expedition Program is shown in Figure 2-1. A breskdown of the Lunar
Transport Vehiele 1s shown in Figure 2-2.

The Space ILaunching System consists of & three-stage booster
capable of placing either the Manned Lunar Peyload or the Carge
Payload on & lunsr intercept trajectory at escape velocity. This
Pplan does not contaln development information on the Launching System
gince such information is contained in a separate System Package
Flan being prepared concurrently. The development schedules in
thege plans have been coordinated to insure compatibility.

In operation, the Msnned Luner Payload, weighing 134,000 pounds,
will be boosted tc escape velocity of approximstely 37,000 ft/sec
on & trajectory which intercepts the moon. Velocity will be sufficient
to reach the moon in approximately 2—%— days. Ae the Manned Lunar Pay-
load approaches the moon 1t is oriented with the loecal vertical by
the use of horizon scapners, The Iunar Landing Stage decelerates the
Manned Lunar Payloed for a soft landing at a preselected site using
an altitude sensing device to deiermine time of ignition. Ianding
st the preselected site will be accomplished using terminal guidance
equipment and B prepositioned beacen to effect an off-gét landing.

The Lunar Launching Stage, using the Landing Stage as a base,
wviil launch the Lunex Re-eniry Vehicle on the return trajectory.
In early test shoté before men are included, the countdown and
launch will be effected sutomatically by command from the earth.
Small mid-course corrections may he necessary to ipnsure re-eatry
into the earth's atm . vhere within allowsble corridor limits.

The Iunex Re-entry Vehicle will re-enter the earth's stmosphere
vithin the alloweble corridcr so that it will not skip back into
spece again pner buwrn from excess heat. It will use serodynamic
braking to derelerate and will have sufficient 11ft capebility to
effect a normal uripowvered aircraft lmding at a base such as
Edwards Air Force Base.

Several successful unmanned,completely automatic flights of
the type just described must be completed in order to esteblish
confidence in the system reliability before m.nned miss:l.ons will be

gttempted.

Cargo will be transported to the lunar surface using the same
procedures and equlpment except that the Lunar Iaunch Stage is not
needed. The Cargo Package will have a weilght equal to the combined
waight of the Lune¥ Re-entry Vehicle and the Luner Taunch Stage. .

As a separate approach to the problem of placing lirge payloads .
on the moon, techniques of rendezvous and assembly in earth orbit .

.!‘
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are being examined. Use of these technigues would reguire the launch,
rendezvous and orbital assembly of sections of the Manned Lunar Payload
and the Cargo Payload along with tH “required orbitsl lsunch booster
and its fuel. The sssembled vehicle vould then be boosted from orbitel
velocity to escape veloclty and would proceed as described shove. De-
tails of the major develcpments required such as rendezvous, docking
and orbital assembly are outlined in a System Package Plan titled, SAINT
being prepared concurrently. All progromming information and echedules
have been coordinated with this plan to lnsure compatibility and
mutual support.

2.3 DESIGN FRILOSOFHY

The Lunar Expedition Plan hae been oriented toward the development
of a useful capabllity rather than the accomplishment of a difficult
task on a one-time baslis. The use of & large booster is favored for
the direct shot approach since studies have shown this to be more re-
liable, safer and more economical as wvell as having earlier availability.
Bovwever, another epprosch using & smaller booster in conjunction with
orbital rendezvous and essembly 1s also considered.

The manped Lunex Re-entry Vehicle 15 the Key item in determining
booster elzes. Tis welight determined the size of the Lunay Taunch
Btuge which in turn determined the eize of the Tunar Ianding Stage.
The total weight of these three 1tems is the amount that must be
boosted to earth escape velocity by the Space launching System. In
this manner the size of the Space Taunching System wes determined.

A 2% day trajectory each way was selected ag a conservative
design objective. Longer flights would have more life support and
guldance problems while shorter flights require higher boost velocity.

An sbort capability will be included in the deslgn ireofar as
possible. The next section describes the &bort system in consider-
eble detnil.

Development and tests are scheduled on a high priority basis.
Thus, the schedules shown in this plan are dicta.ted by technological -
limitetions snd mot by funds.

The entire program as de-scribed berein is an integrated progranm
in that lster development. tests bulld on the results of early tests.
Thus, equipment and techniques are proved ocut esrly, and confidence
in the reliability ie obtalned by the time & man is included.

2.4 ABORT PHILOSOPHY

The ipsertion of a man into e space sysiem creates a safety and
relisbility problem sppreciably greater than the problem faced by
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any unmanned system. t. is well recognized tbat maximum reliability
1e desirable, but alsc known that reliabilities in excess of 85 to
90% are extremely difficult to achieve with systems as complex as
the Lunsr Transportation System. Therefore, the need for an sbort
system to protecét the man during'the "wnreliable™ portions o:E the
lwiar misslon is sccepted.

A review of the proposed techniques and equipments to provide a
"full abort” capability has shown that due to payload limitetions
this ie not practical during the early lunar misslons. Thus a
reasonable element of risk will be involved. In order to decrease.
this element of risk and to undergiand where it occurs the lunar
mission has been divided into six time periods. These time periods
are ae follows:

- &. Earth ascent.
b. Earth-moon tranelt.
¢. Lunar terminal.
d. Lunar ascent.
e. Hoon-ea;-th transit.
f. Re-entry.
The development and test phileosophy for this program is to

launch the manned systems as esrly &8 poesible in the program, but
in sn unmanned status. This will provide experilence and allow the

" system t6 be checked out and "man-rated” before the first manned

flight. Tt also means that the Iumex Re-entry Vehicle will be uged
for orbital and circumlunar flights prior to the lunar landing and
retwrn flight, The propulsion systems used for these early flights
will be used throughout the program end the experience gained from
each flight will increase the probebility of success in reaching
the final lunar landing and return cbjective. Also these pro-
ptleion systems will be used éoncurrently in other programs and

at the time of man-rating will possess gremter launch experience
than can be expected for the lergest booster of the Space Launching
System. This would indicate that & larger nunber of vnmeamed Ilights
should be scheduled for the larger full boost system than for the
early flights. It alsc points out the need for s sophisticated
Earth Ascent Abort cepability during thc ﬁrst nmmed lmmr Janding

and return flight.
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In providing an nbort philosophy for the LunAr Program it shomld
be noted that the Lunex Re-entry Vehicle, the ILunar landing Stage -
and the Lunar Taunching Stage all possess inherent abort capability
if utilized properly during &n emergency. With sufficlent velocity

—— the re-entry vehicle is capeble of appreciable maneuvering and
e landing control to provide i1ts own recovery system. The Lunar
- Launching and Lunar Landing Stsges possess an appreciable Av
wn capability that cen be used to alter the payload trajectory to
- better accomplish recovery of the man. However, in elther case the
maneuvers vill have to rely on computing techniques to select the
best possible abort sclution for any specific situation.

With this background, and with the understanding that in &
future final desipn effort “"full abort” may be required, the
e Tolloving ebort design cbjectives for the Manned Lunar Payload are
o presenteqd:

-

maa e. REarth Ascent Fhase
T {1) On Pad.
Full sbort system wlll he provided.
. ( . {2} Iift-off <o Flight Velocity for the Re-entry
Vehiple., .

Full abort system will be provided.

(3) Fiight Velocity for the Re-entry Vehicle to
Escape Velocity. _

‘The baslc Manned Lunar Peyload will provide
the abort capabiiity.
. b. Earth-Moon Transit
| (1)} Injection

= Abort capability to compensate for Injection
error 1s desired as part of the basic Manned Lunar Peyload.
Computing, propulsion, etc., capabllities should dbe designed into
the basic system to provide for the selection of the optimnn abort

trajectory.
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Abort capability during Earth-Moon transit is
desired for the Re-Entry Velicle by means of e direct earth return,
earth orbit, or circumlunar flight and earth return., Cirecumlunas
Flight generally requires the least./v, but the actual selection

of the optimum trsjectory should be accomplished when required by
& computing capability, and executed by the Lunar Payload.

¢. Iupar Terminal

This type of abort generally resulte from loss of
propulsion or control of the Lunar Landing Stage. Where possible
the Lunar Leunching Stage will be used to attaln & direct or clroume-
lunar trajectory that terminated in en earth return. When this is
not possible the Lunar Launching Stage will be used to accomplish
the safest possible lunar lending. Recovery of the erew will not
be provided in this system and selection of the above alternatives
will be accomplished automatically en-board. Crew recovery will
be provided by another stand-by Lunar Transport Vehicle. :

d. Iunar Ascent

Maximm- inherent reliability by overdesign of
components and systems in the Lunar Launching Stage seems to be
the most logical approach for this phase due to the extreme veight
penalty imposed by a separate ebort system.

The early miscions will be faced with the highest
risk, but as & facility on the lunar surface 1s developed, a
rescue cepsbllity and the addition of an sbort capability can be
developed. No specific sbort system will be provided for this
phase, but consideration should be given to the possibility of
future lunar modificatlions to provide for abort.

e, Moon-Earth Traneit
Tis would generslly be associated with & gross

' trajectory error, or loss of control on re-entry. The only
solution 15 to utilize the on-board capebility that remains to

achieve an earth orbit. After echieving orblt en earth launched
rescue mission would be initiated. This approach requires no
additlonal ebort .system to be provided for this phase.
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T. Re-entry.

Execeeding re-entry corridor limits, or loss of control
could cause an emergency where sbort would be desirable. Should
sufficient s v remain from the over-design of the lunar launch stege,
and not be used during Moon-Earth transit this would be used to attain
an earth orbit where rescue could be achieved. No separate abort
capability 1s required for this phase, but a.va.ila.bility of pro-
pellant should be consldered.

2.5 EXPEDITION PLANNING

A detailed plan must be prepared for the complete Lunar Ex-
pedition operation. This plan must start from the first time man
lands on the lufiar surface and account for every single effort, or
objective he is to mecomplish during his stay on the surface., A

- orew of three men will be sent into & new and hostile eénvironmerit

where rescue or sssistance from other human beings will be extremely
difficult, if not impossible, for the first mission. Time will be st
a premium and all items of equipment must be planned, designed and
delivered in the Cargo Payloads so that they can be used in the easlest
possible manner.

The procedures for first exploring the surface and then for con-
structing the expedition facility must all be derived, demonstrated
and proven by earth coperatilons pricr to attempting the desired opers-
tion on the moon. An environmentsl faecility that simulates the lunar
surface with suffieient work srea to test out eguipment and procedures
will be required.

The actuasl landing operation and the first effort by men on the
surface requires detailed data about the moon's surface. The follow-
ing chart represents the best sveilsbie data. The chart is a portion
of & Lunar Sectlonsl having a scale of 1:1,000 (1 inch equals 16
miles) produced by the USAF Aeronautieal Chart and Informetion Center,
8t Louls, Missouri. Present plans call for the eventual production
of 14 charts to cover the complete lunsr surface.

The beat photographic resolution to date is around cne-half
mile on the lunsr surfece, which provides sdeguate data for charts
having a scale of 1:1,350,000. Good astronomical telescopes can be
used to improve on the photographic data and obtain sufficient detail
to prepare sectional charts like the one included. Hw?er, larger
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scele, accurate lunay charts wili be required to complete detailed
plens. Date capn be obtained for such charte from a lupsr orbiting
photographic satellite which will provide sufficient resolution and
overlap to enable stereographic compilation of contours and eleva-
tions. The NASA proposed Lunar Orbiter program 18 a possible source
of the required data.

Planning for t¢onstruction of the expedition facility can begin
only after detailed surface information becomes available. Exemin-
ation of returned lunar core samples will be necessary before plans
can be completed.
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VOAI LUNARK \UTNAKI

SCALE 1:1,000,000

PUBLISHED. BY THE AERGNAUTICAL CHART AND INFDRMATION CENTER,

UNITED STATES AR FORCE
ST. LOUIS 18, MO,

KEPLER
LAC 57

_ Mercotor Projaciion
Scale 101,000,000 at 11°p0° 45~

15T EDITION DECEMEER T#40

NOTES

This chort was prepared with odvisory ossistance from

Dr. G. F. Kviper gnd hix colloberaters, D, W, G, Arthur

and €. A, Whitaker,

CONTROL

The position of Features on This chart was determined
through the use of selenagrophic conlrol estoblished pri-
miarily fram the meowrds of J, Fronz ond 5. A, Saundar,
A collated listing of thiz contyol was pubfished under the
auspices of the Infernations! Astromomical Tnion in 1935,
{Nomed Lunor Formotions - Blapgg and Méller).

VERTICAL DATUM

Vertical dotum is bosed an on oswmed sphericat figure
of the meon ond o luner radius of 1738 kilemeters. The
datum plane was subsguintly adjusted to 2.6 kilometers
balow tha surface described by the 1738 kitometer rodive
to minimize the exlent of luner surfoce of minus eleva-
tion valee. Graodients of mojor surface undulotions were
established by interpaloting Scheutks - Rechtenstomm
computations of 1. Fronz's meosuremenss of 150 meon
craters. The probable errer 4f comparglive elevation
valres & avaluaied af 1000 meters. Verticel dotum, so
estoblithed, is considered interim and will be refined os
soon o3 on occurate figuse of the moon is determined,

ELEVATIONS

Al elevoiions are shown is mefers. The reiotive beighits

of croter rims and other prominerices obove the maria
and depths of croters were datermined throvgh photo-
grophic mecsuremant wtilixing the Z. Kopal ond G.
Fislder Shodow Progression Technique. Relotive heights
thut estublished, have ben referenced o the ousumad
verfical dotum ond hove bean integrated with the grod-

ient of the wrioee undulchonk. The probable error of

the: localized relafive hiights is 100 meters, Inhecan! with
magsuring technique usod, relofive haight detepminations
in.generol E'W direction are more accurats thon in e
M- direction,

Spot Elevotion (ref o to-datum) BRIl
Cratér Elavations
Rim [referenced to Datum} .- __... 300
Depth of croter {rim to Hloer) . ... {400)
CONTOURS
All contours are cpproximole
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3.0 INTRODUCTION

The establishment of the Lunay Expedition Program es a ‘Nationel
objective will provide a worthy goal for the United States industrial
and. governmental organizations. The Lunar Expedition progrem has been
based on extenslve study, design and research work during the past
three years.

A ILunar Expedition program will require the use and centralized
conixrol of a major portlon of the present military space capability.
This will have the effect of giving the military program a scheduled
long-range cbjective, and still provide useabls military cepabilities
throughout the period. As sn exsmple, menned re-entry vehicles for
orbital opersticns will be evailable in early 1965. This will be
followed by & manned lunar re-entry vehicle in 1966.

Propulsion and Space launching systems will be required to
support the LUNEX progrem. This program will set orbital and escape
velocity payload requirements renging from 20 to 350 thousand pounds
in & 300 mile orbit and from 24,000 to 134,000 pounds &t escape
velocity. 7This capability will be obtained at an accelerated pace for
the LUNEX program and as a result the same capabilities will be availa=-
ble for military use much earlier than could be achieved if the start
of the development programs had to be Justified at this time entirely
on the basis of military usefulness.

The accomplishment of the IUNEX program will reguire mexcimom
use of several presently programmed efforts and reorlentation of others.
The major progrsme of direct interest to the Lunex sxe the SAINT and
BOSS programs. Therefore, these efforts have been coordinated and
integrated with the LUNEX program. The BOSS shots will provide the
necessary orbital primate test deta to allov the menned 1ife support
package for the Ianex Re-entry Vehicle to be depigned. The SAINT
unmanned and manned program vwill provide additional orbital infor-
mation on rendezvous, docking, and personnel and fuel transfer. In
the event that the direct shot approach for the Lunsr expedition
requires reorientstion in future yedrs to use orbital assembly
techniques this cepability will be availeble from the SAINT program.

3.1 MASTER FROGRAM FEASING CHART

This schedule presents the integrated military program required
to accamplish the Iunsay Expedition mission and to develop techniques
for operating in the earth orbital and lunar areas. Ii was prepared
to indicate the interface between this Lunar Expedition System
Package Plan end the Space launching System. The mejor nationsl
objective of this integrated program i1 to land men on the moon and
return them in Augnst of 1967.
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This schedule presents the major i1tems to be accompllshed as
e recult of the LUNEX program. The costing as shovm on the schedule
does not include the cost of developing the Space Launching System
Bince this is provided under & separate Sysiem Package Plan.
However, the cost of purchasing the flight vehicles i inecluded.

The major "prestige” milestones of the program can be
summarized &8s follows:

First Menned Qrbitsl Flight April 1965
(3 Man Space Vehicle)

First Lunar Landing (Cargo) July 1966
Manned Circumlunaxr Flight Sept. 1966
Menned Lupar Landing & Retuxn Aug. 1967
Permanently Manned Lunar Expedition Jan. 1968

3.3 1UNAR EXPEDITTON MANAGEMENT MILESTONES FYE2 - FYE3

Mhis schedule indicates the major LUNEX program effortis
requited during fiscal years 1962 and 1963. The time allocation
for management snd Al  ‘orce tectmical evaluaitions heve been kept
to B minimum in order to meet the end cbjective of 'mﬁ.non't-hemoon
in August 1967.

( .
Several critical major decisions are required and are summarized

below:
Program Approval & mg July 1961
Development-~Production Funding Dec. 1962
Design Concept Decision Jan. 1963
Approvel for Herdware Go-Ahead Feb. 1563

Delays in providing the funding indicated, or in recelving
notificetion of decisions regquired, will have the direct effect of
Geleying the end ¢bjlectives. This problenm could be effectively
solved by a streamlined management structure having a minimm mmber
of reviewing authorities. The ypresent AFSC procedures are a atep in
the yight direction but, more ﬂiren:t channels are,desirable at the

higher command levels.,s . s rliage-, "“"-m
1™ _
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3.4 LUNAR EXPEDITION TEST SCHEDULE

_ T™is schedule presents the major test items required for the
IUNEX progrem. Upon completion of the progrem msnned transport and
unmenned cergo vehlcles will be avallable to support the Luner
expedition.. The cargo vehicle will be capsble of transporting
approximately 45,000 pound "cargo packeges” to the lunar surface
for supporting the expedition. This same vehicle wbuld be capable
of transporting future military payloads to the lunar surface to
support space military operations.

A detailed high-speed re-entry test progrem and an abort
sysiem test program is scheduled to provide basic re-entry data
end to insure the safety of the men in the Lunex Re-entry Vehicle.

Prior to the first "manned lunar lending and return” flight,
a series of test and check-out flights will be required. These
will initially consist of orbital flights, and then very high
altitude (50,000 miles or more) elliptical flights for itesting ihe
vehicles under re-entry conditions. When these have been completed,
the first fiights will be made around the moon {circurlunar)} end
return to an earth base. With a campletely men~rated vehicle, and
ummanned lunar landing flights completed, man will then make the
first landing on the moon for the purpose of selecting a site for
the Lunar Expedition Facility.

3.5 IUNEX SPACE IAUNCHING REQUIREMENTS

- The purpose of this schedule is to sumarize the spece lasunching
. vehicle requirements and indicate vhen the launches will be needed.

The TEOR-ABIBE-STAR boosters wlll be used four the re-eniry test
rogram. The Space Lsunching System boosters designated es A, AB
and BC, and solids as required, will be needed as indicated and their
reyload capabilities are estimated as follows:

Booster Payload

A k10 20,000 pounds (300 mile orbit)
AB 825 87,000 pounds (300 mile orbit)
AB 825 24,000 pounds (escape veloeity)

BC 2720 . 134,000 pounds (escape veloclty)

-
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3.6 FPFRSONNEL AND TRAINING

The Lunar Expedition program will require military perscnnel
and a military training program. Detalls of this progrem are presented
in Section IX and summarized on the Iunex 'I?ra-ining Schedule included
in this section.

The number of personnel required will increase from 8 limited
staff in the early Frogram Office to a total of 6,000 personnel in
the active expedition year. This totsl does not include "in plant”
contractor personnel which i estimated to be on the order of 60
thousand.

Training of militaxy personnel to meet the requirements of the
LUREX program will be done by contractor end militery training
perscnnel. Maximum use will be made of program equipment swhen it
ean be scheduled for itreining purposes and in addition, allocation
of productiion eguipment is necessayy 0 meet Waining requirements.

3-T IUNEX CIVIL ENGINEERING FACILITIES SCHEDULE

The fscilities development &and construction program is shown
on this schedule. The first item to be accomplished is a site
survey to determine the extent that the LUNEX program can be
supported by AMR and PMR. When this has been accomplished it will
be possible to determine if the early LUNEX test launches c¢an be
accomplished by using present facilities. Full consideration will
be given to the possibility of building the Lunex Lsunch Complex
as an expension of the AMR or PMR. A more detailed presentation
of the facilities program 1s contained in Sectlon VIII Civil

Engineering.-
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MASTER PROGRAM SCHEDULE
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PRELIMINARY DESIGN COMPLETE { LUNEX PAYLOAD)

CHART III-B
LUNAR EXPEDITION PROGRAM MILESTONE SCHEDULE

CALENDAR

1961

1962

1963

1964

PROGRAM APPROVAL AND FUNDING

ENGINEERING DESIGN AND MOCK-UP

INITIATE HARDWARE PROCUREMENT

RE-ENTRY VEHICLE {90% ENG REL)

LUNAR LANDING STAGE (90% ENG REL]

FIRST MANNED ORBITAL FLIGHT

CARGO PAYLOAD {90% ENG REL)

LUNAR LAUNCH STAGE (90% ENG REL}

FIRST LUNAR LANDING { CARGO TEST FLIGHT)

MANNED CIRCUMLUNAR FLIGHT

SPACE LAUNCHING SYSTEM FLIGHT QUALIFIED

MANNED LUNAR LANDING AND RETURN

PERMANENTLY MANNED LUNAR EXPEDITION

LUNAR EXPEDITION FUNDING REQUIREMENTS (MILLIONS)
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IIC |;uUNAR EXPEDITION.

MANAGEMENT MILESTONES FY62 - FY63

3 START PRELIMINARY DESIGN (LRV)

{*zammmmxrnzsmu IRV

S — —
& PROGRAM APPROVAL AND FUNDING

1.

ENGI.EERING DESIGN COMPETITICN

3 AND MOCK-UP

Contractor No.1 {Lunex Paylcads)

i

b+ | Contractoy No, Z {(Lunex Pavloads)

[

PDEVELOPMENT - PRODUCTION FUNDING

DESIGN CONCEPT DECISION

| =

F

APPROVAL FOR HARDWARE GO-AHEAD |

r

CONTRACT AWARD

F*F*

LUNAR TRANSPORT VEHICLE FPROGRAM]|

|

% LUNAR EXPEDITION
OGRAM
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PROGRAM SCHIDUE - 6 Years

NI D | LUNAR EXPEDITION CY-6l - CY-62
TEST SCHEDULE s[elmlalulalslalsinlnln)slslulaluls{s]a
‘| HIGH SPEED RE-ENTRY TEST
2 25,000 - 35,000 ft/sec
F (Sub-Scale)
4 35,000 - 45,000 ft/sec
} {Sub-Scale) | -
'L ¥ " 3t
] LUNEX RE-ENTRY VEHICLE ol
] Static Test
| Eng., Lab,, and Gnd, Test
It Prototype DL%p Test
1 Unmanne
7 Manned
R__ Oxbital ,
I Unmanned =
11 Manned I
1 Circum Lunar e
n Unmammed
1 ] Manned
B  lLunar Landing and Return
b B Unmanned
1 Mcuned
n Lunay Expedition
n ____
N _CIRCUMLUNAR PROPULSION STAGE
% __Eng, Lab.,.and Gnd. Test T
N Orbital Check-out B
! Circumlunar | R
x Unmapned -
n Manned
»_ :
51 LUNAR LAUNCH STAG
R _ Eng., Lab,, and Gnd. Test
n Earth Launch Test
B Orbital Check-ount —_
I Lunar Launch s
B Unmanned T
-+ Manned i
n Lunar Expedition
i
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PROGRAM SCHEDUIE - 6 Years

III D

(Cont. ) ]| LUNAR EXPEDITION CY =61 CY-62
TEST SCHEDULE OO U UL nisa
| LUNAR LANDING STAGE
1 Eng., Lab., and Gnd. Test
3 Drop Test
4 Orbital
13 Cargo
N} Lunar Landing
1 Cargo
1 Unmanned
k! Manned
M Lunar Expedition
1 Cargo
1 Manned
)|
14 CARGO PACKAGE CONFIGURATION
18 Eng., Lab., and Gnd. Test
i Ocrbital
1!  Lunar Landing
B lunar Expedition
n
A ABORT .
1 Auto. Sensing and Initiation Sys.
n Eng. Lab. Overstress Tesis
n Reliability Demo. Tests
H Captive Firing Tests
B Flight Tests
2% - Inmanned-Open Loop
u A-410
n _ AB-B25
b BC-2720
0 Unmanned-Closed Loop
1l A-410
n AB-B25
n BC-2720
y  Abort Vehicle Flight Test
28 Pad Lscape
" Powered Flt. Scparaticn
n A-X
n Recovery Ceiling Test
n A-X
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PROORAM ICHIDUE - & Years

IIT-F | LUNEX CIVIL ENGINEERING

cy-62

FACILITIES DEVELOPMENT PROGRAM

1 LUNEX LAUNCH SITE SURVEY

Erc
]
3
-
o
o]

DESIGN INTEGR, LAUNCH COMPLEX

hon L

r-.
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CONSTRUCTION

DESIGN A /B and PAYLOAD INTGR, BLDG

Constr, Payload. Intgr Bld

BEE R o

{

Modif, onetr. A and Payload Bl%a.

' Modif, and Constr. B and Payload Bld
B DESIGN A, B and SQLID INTEGR, BLDG 4
M Constr, A and Solid Bldg

i Modif, and Constr_B and Solid Bidg
n

¢ DESIGN LAUNCH PADS

- land 2

N Gonstruction

u J and 4

1 5 and 6 (If Required)

™ 3 - 6 Construction

¢, DESIGN SOLID FACILITY

] CONSTRUCTION

/ _

i _DESIGN PROPELLANT MFG FACIL

y CONSTRUCTION

| _
1 DESIGN HARBOR, DOCK and BARGE
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LUNEX TRAINING SCHEDULE Cr-61
Chart III-G it LIRIRAE BIIFimaim{I) 4|4
1. _ATC SPO REP APPOINTED
!

PROGRAM CONCEPT DEVELOPMENT

S

K-u-

1 TRAINING FACILITIES REQUIREMENTS

TEST DIRECTIVE COORDIMATED

B e o

1L FIRST OQPRI REVIEW

TEST PLAN PREPARED

TRAINING PROGRAM CONFERENGE

TRAINING PARTS PROVISIONING

CREW SELECTION

SPECIAL TRAINING START

ddiddddundddided s d s e ds

e v 2 e e

*
A ¥
r. W



L - R e i R e BN L R

£9-A4 Z9- Ad

A\

)1

¥i 1 | TONG

ad
SINTWAt

LINFENI.

@EI5VED

29-AD 19-43 zw

-

- ¥

" e - = —




SECTION IV :

B
TEVELOPMENT - TEST - PROIUCTION

_ IUNAR EXPEDITION (u)

( LUREX)

b1 WDILAR-8-458

" -=l“4.- LY ﬂ-“ .I h

s doc tains ink i al’hm‘nglhMimlﬁﬂimdmuﬂhdihmrﬂhhm“%iﬂlhimm Titia
18, US.C., Section 793 and 794, the b htisn of which In ony manner 10 on unguthwized pernan Iy probibbed ky lew.

4118
s T

m CCEAn dm by s pm e P e am e o —— g oy e — g e iR P NEREET ke ———



1

e
b

am

A

REFERENCE

G e oma i e

LB L L PR TR A e S——
LS

LTI —

——

-

nﬂldm' Tha lﬂﬂm? ﬁlll:: .fl'h Unrhd States 'lliill he

8, Y20, l_u:m %3 ang 7PE, D

e e T n.a.—-nﬂ..-....-.w__.__ -r--—---.-c—- LA



e o g

—m i

TITIE PAGE k.1
RECORD OF CHANGES 4.2
INDEX - k.3
4.0 TNTRODUCTION N h.5

k.1 DEVELOPMENT OBJECTIVES k.5
4.1.1 High-Speed Re-Eutry
4.,1.2 Manned Lunar Payload
4.1.3 Cargo Payload
h.1.4
b.1.5

FE S
" L] »
O O-d ] AN

Abort System
Spece Isunching System

4.2 SUBSYSTEM DEVELOPMENT

o mgm, eeRRe ba S A T egmgemens ca '

L.2.1 Re-Entry Vehicle h.g
k.2.1.3.1 Aerodynamies k.11
§4.2.1.3.2 Matarials .11
.2.1.3.3 Structures .12
4.2,1.3.4 Dynamics §.13
4.2.2 Propulsion 4.15
L.2.3 Iife Support W 4
h.o.h Flight Vel ele Power k.19
.2.% CGuidance snd Control System 4.20
h.2.5.2 Inertial Platform h.20
k.2.5.3  Star Tracker b1
L.2.5.4  Long Baseline Radio Ravigstion h.21
4.2.5.5  Doppler Radar .22
4.2.5.6  Re-Entry Guidance L.pp
4.2.5.7 . Adaptive Autopilot .22
4.,2.6 Computer L.24
11‘-2.7 cmmimtm ho%
h.2.8 Envircmmental Daets L.27
.2.9 Materials y.30
k.3 TEST PLAN h.3h
k.3.1 Test Categories b3
4.3.1.1  Research Tests h.3h
4.3.2 Design Evaluation Tests k.37
%.3.3 Flight Testing 4,38
k.3.3.1 High~-Speed Re-Entry night Test k.39
4,3.3.2  Iapex Re-Entry Vehicle Flight Test k.39
4.3.3.3 Lumar Iswnch Stage Flight Test L.y)
k. h PRODUCTION PLAN R
GRERNT.,
‘::huls.c Saction m.nn 794, hmr.. el “m'-' -ﬂh-:’m"?uu:'r“ m;":-h sreuthoriied parien ;. ,



This page intentionally left blank (

¢
". ey . . ’ c .
-"‘llf’.'_mt [ I . > h

o
This o i i informotion affecting the netionsl delemsa of the Usited Stolas within M muvoning of tia Expiorose Lews, Tile
16, &.5.C., Sectivn 793 and 794, the v ianlnn loties of which in emy o = thotlzed persid & prabibiied by low.
et THL T S TR T e T = = - e ) Bakash _——_ -

e



Implementation of the Luanay Expedition will require a
canpletely integrated program involving the develomient, test,
and production of ltems based on almost every known technical
discipline. These technical disciplibes are presently being
ionvestigated under a multitude of programs and organizations.

The Lunar Expedition progrem will require these technicsl efforts
t0 be immediately orgmnized and re-oriented where neceseary.

This can best be accomplished by preparing a detalled development,
test, and production progrsm. When this program is completed
each technical area can be evaluated by comparing 1te present
prograi obJectives and its required output to meet the Iunax
Expedition prograw regquiremente. In the following paragraphs

the Lupar Expedition developiment objectives and technical per-
formance reguirements are presented. The scope of the major
existing technical progrems and the neeesaary re-orientation is
disenssed.

4.1 DEVELOPMENT mcmvns
h 1 1 HIGH-SPEED RE-EN’]RI

AL the present time high-speed re-sntry data in the velocity
spectrum from 25,000 fi/sec. to b5,000 £1/sec. is non-existant. In

order to meet the Lunex Re-eniry Vehicle development schedule 1t -
will be necessexy to have high-speed re-eptry dats during the

- engineering design program for the manned re-entry vehicle. Thus

a compressed and coordinated test program for both ground test
feeilities end f1light testing is necessary.

Immediate mction is pecespary to schedule and design the
high-speed wind-tumnel test program. This wvill show the type of
information that can-only be achieved by means of flight testing.

The High~Speed Re-entry ﬂig,ht test program scheduled for
the Iurex program is necessary to provide basic date on re-entry
ag well as to fly specific shopes in the later period of the test
program. This selected shape progrem will be coordinated with the
Lunex Re-entry Veh:lcle desig;n effort.

In order to accamplish the Kim-Speed Reventry flight test
program 1t vill be necessary to design and develop s test vehicle,
This vehicle must use existing boost systems due to time limitations,
but the payload will bave to be designed especially for this program
since none existe at this time. It is believed that the Atlas booster
vill prove adeguate for these tests, but a decision must avait the
test peyload design.

k. -
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k1.2 MANNED TUNAR PAYLOAD S N -

The largest single development objectlve for the nm
program is to provide & payload cepable of transporting men and
equipment, to the lunar surface and returning them to & selected
earth base. This payload would econsist of a Laner Lending Stage, a
Impar launchk Stage and a 3-man [unex Re-entry Vehicle.

A typical Manned Immar Payload is shown in a cut-awsy view in
Figure 4-1. The characteristics and General Arrengement of the
Manned Innar Payload are shown in Figures 4-2 and 4-3. This payload
ig 52 feet 11 inches long, has the c.g. located 33 feei B inches from
the nose of the re-eniry vehicle and the interface diameter with the
Space leunching System is 25 feet. The complete psyload weighs
134,000 poundis at escepe velocity, and a 20,205 pound Menned Re-entry
Vehicle is returned to the esrth.

The Iunex Re-entry Vehicle must be eapeble of entering the
earth's atmosphere with a velocity of approximately 37,000 ft/sec.
At the present time, basic re-eatry information for veloeities of
this megnituvde does not exist. Therefore, engineering design effort
for this re-entry vehlcle must be accomplished conmcurrently with
other major sub-systems developuents and integrated with the High-
Speed Re-entry test program and the Abort System test and development
Program. This requires close management control of these programs
by the WWHEX Program Office.

Another major problem facling the re-entry vehicle development
program is the life support package. The plar.ed schedule will
require menned 1ife support package to be designed on the basis
of earl pr:lmate shots, Mercury shots and the Discoverer series.

e programs lead toward e mammed cepability, but this re-entry
vehdede requires the first truly svace life support packsge.

. The ILunar landing Stage must be capable of landing the Lunar
Launching Stage and the lunex Re-entry Vebicle on the lumer surface.
At the presept time this is considered & difficult design problem
because little is Xnown about the lupar surface. Actually the best
photographic resolution to date is approximately £ mile. Many
theorles exist on the formation of the moon and therefore, the
cheracteristics of i1te present surface. When these two factors are
considered the only practical design approach is to provide an
alighting system cayable of lending on an exiremely rough surfsace.
An automatic leveling, orientstion and launching system is required
for system check-out prior to menned flight. Therefore, any
assumption that the Menned Lunar Payload can be moved about on the
lunar surface or that the payloads might initially transfer fuel on
the lumar surface, might be entirely erroneous and jeopardlze the
complete Iunar Expedition effort. The landing stage will also have
to be developed so that it is capable of landing the Cargo Paylda.ds
on the lumr surface.
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The Lunax Launching Stage must be developed with a diffexent
. philosophy than the previous sub-sysiems. First, it only cperetes in
&. vacuum of space and on the Iunar surface. Skcondly, it will be
required to function after 1t has been located an the lunar surface
for en extended period vexying from several deys to many months.
Therefore, ihe stage must be developed to launch the re-entry vehicle
after being subjected t0 & better vacuum then available in our best
o earth laboratory facjilities, following possible temperature varigtioms
et of 400 to 500 degrees, following possible meteorite bombardment and
: from & lesg than optimum launch engle. Specifically the stage
develoment must consider propellant boil-off, eutcometic check-out,
self-evection and remote {eerth-moon} launching procedures.

+n dhangtt

The Ipnar Launching Stage represents the mejor reliability
problent of the system because an abort cepability ie pisnned for
every phese of the LUNEX mission except during lsunch from the lunar
surface. During the early lunar flights &n ebort capability for

s this phese 15 Just to0 expensive paylosd-viee for the Space Launching
: System. An abort capsbility during Lunar ILaunch essentially requires
) a duplicate lunar launching cepability because the man must still be
S _returned to the earth by either this system, or a special resecue
e flight. Thereforxe, until lunar support facilities are avallable &
separate system for sbort during lunsr launch does not seem practicel.
This creates the requirement to develop an extremely reliable Lunar

( ' Immchina Stage.
l.t.l..3- CARGO PAYLOAT

. The successful support of the Lunar Expedition will require a
" capability to deliver relatively large Cargo Packages to the lunar
purface. These Cargo Packages will be soft landed et the desired
lunar sites by the Lunar Landing Stage. Eech Cargo Package will
E— weigh epproximetely 145,000 pounds and will be specifically designed
ro— to caryy the items desired to support the expedition. Development
of the Cargo Psyload and the specific packages will depend upen the
Iunar Landing Stage design and the recedipt of lunar envircmmental
date. The actual design of the Lunar Expedition Facility will only
be possible when detailed information on the luner surface is available.
Then with the facility design information the required materials,
equipnent, and procedures esn be determined and a payload delivery
sequence derived. The required peyload delivery sequence is essential
before the individual payloads cen be designed end developed, but
tinely development of major items of equipment must proceed as their
individual reguirements become Inowm.

h.1.4h ABRT SYSTEM
The philosophy of abort has been presented in the Progrem

~ Description section of this document. The development of the sbort
equimment will require an integrated effort with the re-entry vehicle
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The Lunar Launching Stage must be developed with a different
philoscphy then the previous sub-systems. First, it only cperates in
& . vacuum of space and on the lunar surfece. Skcondly, it will be
required to function af'ter it hes been located on the luner surface
. for an extended period varying from seversl days to many months.

' Therefore, the stage must be developed to launch the re-entry vehicle
after being subjected to & better vacuum then svaileble in our best
earth lsboretory facilities, following possible temperature veariations
of 400 to 500 degrees, following possible meteorite bamberdment and
from a less than optimum launch angle. Specifically the stage
development must consider propellant bojl-off, eutcmatic check-out,
self-erection and remote (earth-moon) leunching procedures.

The Junar Leunching Stage represents the major reliability
problem of the system because an abort ceyability is planned for
every phase of the LUNEX mission except during launch fram the lunar
surface. During the early lunar flights an ebort capebllity for
this phase 18 just t00 expensive payload-wise for the Space Launching
System. An asbort cepability during Iuner Launch essentially reguires
8 duplicate lunar lsunching cepability because the man must still be

~returned to the earth by elther this system, or a special rescue
Tlight. Therefore, until lunar support facilities are available e
separate system for abort during lunar leunch dpes not seem practical.
. This creates the requirement to develop an extremely reliable Lunar
cﬁ Launching Stage.

4.1.3 CARGO PAYLOAD

The successful support of the Lunar Expedition will requi-e a

T eapabllity to deliver relatively large Cargo Packsges to the lunar
. surface. These Cargo Packages will be soft landed at the desired
lunar sites by the Lunsr Landing Stage. Each Cargo Package will
velgh approximately 45,000 pounds and will be specifically designed
to carry the items desired to support the expedition. Develomment
of the Cergo Payload and the specific packsges will depend upon the
Iunsy Landing Stage design and the receipt of lunar environmental
data. The actual design of the lLunar Expedition Facility will only
be possible vhen detailed information on the luner surface ie evailable.
Then with the facility design information the required materisls,
equipment, and procedures van be determined and & payload delivery
sequence derived. The required payload delivery seguence 1is essential
before the individual payloads can be designed and developed, but
timely development of major items of equipment must proceed as their
individual requirenents become Jmown.

4.1.4 AB(RT SYSTRM
The philosophy of abort has been presented in the Program

. Description section of this document. The develomment of the abort
equipment will require an integrated effort with the re-entry vehicle
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design and the test program mast be conducted concurrently to provide
a reliable and safe system for supporting msnned operations.

It is essential that the re-entry vehicle development be com-
ducted so that the life support capsule can also meet the requirements
imposed by the abort eystem. Additional structural and propulsion
items must be developed to provide for sbort during the earth ascent
phase of the lunar mission. The computing and control equipment on
the Manned Iunar Payload must be capable of selecting the desired
abort mode of operation and initiating the desired actions at any
required iime throughout the lunar mission.

4.1.5 SPACE LAUNCHING SYSTEM

The Iunar Expedition requires an extensive space launching
capability. The dsvelopment of thlé capability is a necessary pert
of the IUNEX Program. At present this development is being included
under the Space launching System program. It is designed to support
the lov altltude test, orbitsl, circumlunar, and full lunar flights.

The major problems facing the design and development of the
LUNEX Payloeds with reference to the Space Launching System, concerns
the ipterface characteristics, trajectory conslderations, and earth
launch facilities.

The present prime interface characteristics for the Mamned ang
Ca:rgo Iurar Peayloads are as follows:

Interface Diameter 300 inches
Escape Payload Weight 134,000 pounds
_Payloed Length 635 inches
Center of Gravity 4ok inches

(Measured from top of payload)

The Space Iaunching System is required to provide timely
launching capabilities for the Iunar Expedition as follows:

Payload
Weight Unmanned Manned
Pounds Tre jectory Flight - Flight

20,000 300 mile orbit Aug 6k April 65
87,000 300 mile orbit Dec 65

24,000  Escape Velocity Dec 65 Aug 66
134,000  Escape Veloeity dJuly 66  Aug 67
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The develomment of & manned lunar paylosd end & cHIrgo
peckapge requires the development of subsystems and applied
research in many technicel arees. Studies have established
that the edvances in performeance in these techhical &reas can
be accamplished to meet the overall progrem schedulea and that
no sclentifie breakthroughs are required. The important point
is that items requiring develomment be identified, that necessary
funds be sllocated, and that effort be initiated without delay.
The following sections diascuss major subsystem requirements,
present cepebilities, and development required. Completed
studies condueted by the Alrxr Force snd industry have established
subsysten requirements in sufficient detell to cutline develop-
ment programe which shonld be initisted immedistely. Present
studies will refine these specificetions further.

k.2 SUBSYSTEM DEVELOPMENT

k.2.1 RE-ERTRY VERICLE
h.21.1

The menned re-entry vehicle is & critical item in the
developnent of the manned payload packages. This vehicle must be
capsble of returning from the moon and re-entering the earth's
stmosphere at earth escape velocity (37,000 ri/eec.). It must
alsc have the ca.pabiliw of supporicing thres men on a 10-dny
round trip earth-moon mission. Thies mission would inelude boost
from esrth, coasting in earth arbit, ballistie flight to the moon,
deboost and landing on ihe moon's surface, remeining on the moon
for one to five days, lsunch from the moon's surface, re-entering
the earth's atmosphere end landing at a pre-selected base on the
earth. OStructural requirements imposed by inertial and pressure
loading during boost, aborit, trajectory correction, landing, re-
entry, ground handling, and vind loading on the launch pad, have
been considered in snalyzing desired vehicle characteristics.
These studies have also included the heating snd its effect on
vehicle design as well s&s the effects of space and lunar envircn-

ment including particles end radiation, meteorite penetration,

and hard vacuum. Present design studies have estimated the total
re-entry vehicle welght at 20,205 pounds. The weight breskdown
iz as follows:

&. Body ' 500

(1) structwre 3500
.(2) Heat ghield Looo
b. Wing Group 2000
(1) structure i S
(2) Beat Shield L1200 "
WDLAR-8-458
i -lodiuhnﬂimldohmcollhl}nlhdwndﬂnlh ing of the Eyplonope Laws, Title

u usc s-un?vaenem«n th -fwl-ichtn-nr L hordzed parsen is peohibliad by ww.

. - T e

e



‘i ﬁ-..‘.-‘_ -

c. "con’trol-s;rsw"*‘*"*
. (1) Aerodynamic
- - {2) Attitude

d. Envirommertal Control
{13 Equiment Cooling
(2) Structure Cooling
— (3) Cxyogenic Btarage

¢. Landing Geax

.

Instruments & Displays
Electyic Pover System
Culdance & Navigation

Communi cations

& W P om

- . Furnishing & Equipment
S {1) Seats & Restraints
e (2) Decompression Chember
(3) EBquipment Compaxtment
(4) Miscellanecus
k. Life Support
. 1. Crev (3 men)
m. Radiation
n. Avort System

- -3 )

Lats

175
138
040
h5a

225
175

150

Ti5

1530

T00

250
850

koo

3000

Pregent re-entyy snd recovery technigues are outMs
of the ballistic missile program utilizing ballistie re-entry
and parachute recovery. They are not campatible with the

velocities assoclated with re-entry fram the moon, with con-

trolled lending, or with manned operation. Present engineering

‘f_"’" date eassocieted with high speed re-entry is not adeguate for

vehicle design.

§.2.1.3

4 development-test yrogram ie required to obtain
generalized data on re-entry phencmena and to test sesle models
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of selected vehicle configurations so that finsl selection and
design of an optimm vehicle can be made. Concurrently with
this test progrem the projects vithin the applied research
program will be directed Bo a3 to carry out the following
investipations to provide neceseary data for the Limex Re-entiry
Vehicle Design.

b 2.1.3.1 AERODINAMICS

(1) sStudy hypersonic-low density eerodynemics
including dissociation and icnization, non-egquilibrium flow
phenamens, end the influence of radiation non-equilibrium cn
vehicle aerodynamic and heat transfer characteristies.

(2) Initiate an extensive ground based factlity
program directed at obtalning serodynemic and heat trensferx
data up to Mach No. 25 (the meximum useable aveilable capability).
These tests would include the G.E. hypersonic shock tumnnel in
the M = 18 - 25 range; Cornell Aeronauticel Leboratory hypersonic
shock tunnel M = 12 - 18; Cornell Aeronautical Laboratory heated
hydreogen hypersonic shock tunnel at M - 20; AKDC tunnel "B",
"C", at M = 8 - 10; AEDC B-1 and E~2, M = 1.5 - 6; AEDC super-
sonfic and subsonic facilities. 'This effort will be coordinated
with the Lunex Engineering Design :prugram and the High-Speed
Re-entry test progrem.

(3) Correlation of wind tunnel tests in wexms of
prediction of free-flight vehicle performance characteristics
in order to provide correlation beiween ground tests facilities
end free-flight vehicles.

’ {4} Complete vehicle static end dynmmic stebility
enalysis. ) ) :

(5) Investigate locsl eritiesl heat transfer problems

ineluding those associated with fleps and fing. The use of re-~

action controls, in order to alleviate critical heating zreas,
for vehicle stability and control, will be investigated.

}.2.1.3.2 MATERIALS
(1) Materisls Develomment
(a} low conductivity plestic materisl develop-

ment.
(1) Uniformly distributed low conductivity.
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(2) Teiloring conductivity ddistribution
. in material in order to obtain high ablation performance at-
surface and lov themmel conductivity in structure bond line.

(3) Develop materials with lov ablative

temperatnres.
P (4) Investigate bonding of materials to
Bl not structure.
ok (v) Develop minimum shape change materials
Tor serpdynamie control surface and lesding edge apylications.
These materials will inclnde pyrolytic graphite, alloys of
pyrolytic graphite, and ceramies.
(2) Materials Analysis
el {a) For selected materials sbove, develop
o analyticel model to predict ablation performance and insulation
o thickness.
b2 R
it {t) Experimentslly study material performance

under simulnted flight environments with the use of high
enthalpy arc facilities (h/RT, = 700 to 800).

{¢} Study the inflvence of space envirorment
on selected materials. This will include the influeace of
. vacuun, uliraviolet radietion, and high enexrgy particles.
S 4.2.1.3.3 SIMMUCTURES
\ (1) Primery effort will be in the develomment of
¥ load-bearing radisting structures. For this structure, the
T follovwing arens will be investigeted.
(a) Thermal etress anelysie snd prediction.
(t) Dynemic buckling

{c) Strain gage epplications to high tempera-
tures. ' . .

B

',,E,* ' {(d8) Experimental simulation on large scale

S——" structures of loed temperature distribution, snd history. fThe
WADD Structures facility would be the one most appropriate to
these tesis.
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b.2 1.3.4 DYNAMICS

(1) Aoslytical studles in the following aress should
be undertaken.

(a) Unsteady serodynemic forces at hypersonic
speeds. g

(ia) Aeroelastic changes in structural loading
and aerodynamic stability derivatives.

(c) Flutter
(@) Servoelastic coupling vith guidance system.
(e} Fatigue due to rendom loading.
(f) Transient dynemic loading.
L.z.1.h
Present projects within the Ailr Force applied research
progrem vwill be reviewed and reoriented or effort increased, as
appropriate, to provide the necessary data. Projects whick can
be used for this purpose are listed below:

6173 (U} Study of Controlled Final Deceleration Stages
for Recoverable Vehicles.

1315 (U) Bearings end Mechanieal Control Systems for
Flight vehicles. ;

1368 (U) Construction Techniques and Applicetions of
New Materisals.

1370 (U) Dynamic Prablems ia_rugat Vehicles.

1395 (U) Flight Vehicle Design.

€146 (Uj Flight Vehicle Environmental Control.

1309 (U) Flight Vehicle Envirvonmental Investigation.

6065 (U) Performance and Designed Deploysble Aero-
dynemic Decelerations
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In addition to the applied research efforts referred to
in Paragraph 4§.2.1.4h an intensive study of re-entry vehicle
characteristics required for the lunex migsion is being ac-
complished under project 7990 tesk 17532. This study will
define an optimum vehicle configuration and present the most
feasible technical approaches to solving the various re-entry
—— problems. For example, the desirshility of abletive andfor
e radiation techniques for cooling will be determined.
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k.2.2 PROPULSION
h.2.2.1

The Manned Lunar Payload requires & booster capable of
placing a 134,000 pound package at escape velocity on & select-
ed lunsx trajectory. This booster develoment has teen included
in the Space Launching System Peckage Plan and 1te development
will be done for the Lunex program.

h.2.2.2

Propulsion systems for the Mznned Lunsr Payload vhich will
be developed under this plan are those required for the following
operations:

Lunar Landing
Lunar Launch
Trajectory correction
Attitude control
Abort

4.2.2.3

The Lanar Landing Stage must be capable of soft landing at
approximately 20 ft/sec¢. a 50,000 pound paylcad on the moon.
This payload consists of the Lunar launching Stage and Lunex
Re-entry Vehicle. Preliminary design dete from studies completed
to date show that the manned re-entry vehicle will weigh approxi-
mately 20,000 pounds end a launch stage of 30,000 pounds will be
required. Similar estimates for the Iumnar Landing Stage indicsate
that 1t will weigh 85,000 pounds. During lunar landing, if an
initial thrust to weight ratio of .45 is assumed as coneistent
vith the deceleration desired and time of deboost, an initial
retro thrust of 60,000 pounds is required. At fina.l touchdown
on the moon, with all A v cancelled and assuming essentially all
deboost propellant consumed, approximately 10,000 pounds of thrust
is required. Some throttling or gimballing of the engine may be
required at the 10,000 pound level to reduce the.axisl component
of thrust. The requirements on the landing engine are for &
60,000 pound engine with a 6 to 1 throttling ratio, or a cluster
of four engines of 15,000 pounds thrust and at least cne with a
throttling renge of 1.5 to 1. Assuming a thrast to weight ratis
of 1.5 (Moon weight) for the lumar L= Stage, & 12,000 pound
thrust engine is required for lunar laun An engine of the
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Lo
.- - %,2.3 LIFE SUPPIRT
4.2.3.1

The life support packege for the Manned Luner Payload
will be required to function for & minimm of 10 dmsys. This
is based on the premise that & one~way trip to the moon will
. require 24 days, and the stsy on the lunar surface will be on
. ihe order of > days. The life support system must be capable
g of supporting three men durding high acceleration boost, approxi-
— mately 23 dsyz of welightlessness, one to Pive dasys of 1/6 earth
weight, 2% days of weightlessness, re-entry decelerantion mpd
retirn o full eearth gravity., At the seme time it must provide
8 shirtsleeve cabin environment ynder the space and lunsy
environments, including extreme temperatm'e gradienta, abaenc:e
of oxygen, radiation, etc.

b k.2.3.2

o Studies of the life support system welight requirements

iy indicate thet the 14fe support package can be provided within
the welght allocation for the 20,000 pound Lunex Re-entry
Vehicle. The life support system weight analysie was based on
vhysinlogieal experiments under simmlated space flight conditions

( such as confinement, special diets, reduced pressure, etc. At

. the rresent time approximately 65 to 70 percent of the knovledge
required to design the three man packege is avallable. However,
to obtzin the additionsl dsta experimental laboratory and flight
testing is reguired. Most information is presently obtained by

o piggyback testing abosrd experdmental vehicles but to support
o the Lunex progrem and to meet the desired schedules the BOSS
e primate program must be initiated and sdequately supported.
w b.2.3.3

Mpst of the dates avallable today consists of physiologiecal
support {mutriticn, breething oxygen, pressure suiis, and restraints
for limited periods), but there is & lack of Imoviedge on prclonged
weightlessness and the blological effects of exposure to rmolonged

- spece radiations. The BOSS program initially will support s chimpan-
zee for periods up to 15 days and has been programped to provide a

life suppart psckage of sufficient sise and sophistication to
support a man, ‘Thus, with the BOSS program the data vwill beecome
availdble Bo that the lunex yrogram can design and construct the
life support psckage &5 required for April 2965,
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¥.2.3.4

Throughout this develomsent all 1life support knovledge and

techniques will be fully exploited. Techniques, learned in the
work with the Discoverer package vere utilized f{n building the
Mercury package. In turn, experience end kmowledge gained from
Meroury 18 being fully exploited in the development of the present
BOSS package.

.2.3.5
The 1ife support program (BOBS) is vital to meet the ob-
Jections of the Iunex program. However, other AFSC programs
must be consldered for possible applicetion to Lunex end the
folloving are nov being evaluated:
6373 (U) Aerospece life Suppart

7930 (U) Bio-Astronsutics
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4.2.h PLIGHT VERICIE POWER
Lok

Electricsl powver will be required to cperate the Lunex
Re-entry Vehicle subsystem such as life support, navigetion
and guidance, instrumentation, and communications. The power
requirement for these subsystems has Yeen snalyzed apd gde-
termined to ue spproximately 3 kw average during a ten-aay
manned trip to the moon and return. Peak power requirements
w11l be epproximstely & kv.

‘h.a.l;.e

Solar, nmoclear, and chemical powered systems were eval-
uated againet thege reguirements. While all of these systems
may be capable of meeting these requirements the chemically
powered systems have been selected for early adsptation into -
the program. Specifically, fuel cells and ‘turbines, or posi--
tive ddsplacement engines sypear to offer the most edvantegeous:
solution. The final seleciion vill be mede during the Pingl
re-eptry vebicle design when a detalled analysis of the trade-
offs between various avzilgble systems considering relative
welght, efficiency, relisbility, sad growth potential 16
available. The oplimm system may be s coabination of fuel
cells and chemical dynemic systems with one system specifically
designed to supply peak demand. With this approseh the system
to provide peak load capacity, vill also provide besckup powver
in the case of equipment malfunction during a layge part of the
mission. A battery supply mey be used to furnish emergency
power required for crew safety during critical periods in the
flight.

4.2.4.3

Present level of technology 1s such that a satisfactory
flight vehicle power system will be” svaillable vhen required for
the DUNEX mission. Additional nevelomnt eTTort should be
initiated ip certein specific ereas, such as s relisbility
eveluation program for fuel cells and an investigation of the
problems of operating chemical dynamic systems in a zero-"g"
environnent.

Close coordination must also be maintained with the manager
of project 3145 (U} Energy Conversion, to insure the availability

of the reguired secondeTy power sources.
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4.2.5 GUIDANCE AND CONTROL SYSTEM

k.2.5.1

A study of the guldance and control requirements for
the lunex vehicle indicutes that the mission can be accompli=-
shed by resscnsble extensions of present state-of-the-art
equipment. The complete lunar vehicle guidance package should
be capeble of furnishing guldance and control during the follow-
ing phases of the lunsx mission.

Ascent and Injection
Qutbound Mid-course
unar Landing

Innsr Ascent

Inbound Mid-course

Earth Re-entry
Esrth Landing

FPresent state-of-the-prt equipment is capsdle of bandling
portions of the guidance and contxol problem associated with
the sbove phases of flight. However, In arder to obtalp & com=
plete guldance and eontrol system, it is felt that development
of the following itams should be undertaken.

4.2.5.2 INERTIAL PLATFORM

Cuidsnce requiremeats for both the manned and unmanned
vehicles can be met with the use of guidsnee coacepis based cn
the use of inertisl and corrected inertial dats in & combinetion
of explicit and perturbation computations of resent and pxe-
dlcted trejectories. Conseguently, an inertied platform con-
figaration snited to the space enviromnment is needed. This
platform shonid be 1ight in weight, highly relisble, mnd capsble
of maintaliming 8 space~fixed reference over a long interval of
time. Present gyroscopic devices and accelerometers are neither
accurate nor reliable enough t0 accomplieh the sparce mission.
An inertial platform which holds great promise for use in lunar
missions-is-one utilizing electrically suspended gyros in con~
Junction with advanced accelercmeters capsble of opersting in
a space enviropment. Fresent electrically suspended gyros axe
capable of operating with a drift rate of .0005 deg/hr/g, and
it ie anticipated that by 1066, s drift rate of -00QL deg/Br/g
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. will be atialnsble. Also, no difficulties are foreseen in
maintaining suspension of the rotating member jn an acceler-
ation Tield of 15 g's with 30 ¢'s being possible,. Develomment
of a small inertial platform utilizing elecirically suspended
&ros8 will be required for the luner mission.

k.2.5.3 STAR TRACKER

B In order to increagse the reliability and the accuracy
PN ; of the inertial platform, a compact star tracker for use with
— the platform during the cutbound and inbound mid-course phases
of the lunaxr flight is desired. Alsc, the stsr tracker shonld
be cepable of operating in a luner enviromment so that it esn
be used for stellar alighment during the lunar lannch porticn
of the nission. The accurscy of present solid state star trackers
15 approximately 10 seconds of arc and thelr welight is approxi~
mately 15 pounds. However, these trackers are untested in =
Soul gpace environment and must he developed for the lunar mission
and for use with the small ipertial platform. Jo perticular,
g the star tracker must be cepable of furnishing accurate stellar
alighment informetion to the inertial platform during the lunar
= ascent portion of the wmission. TIf it is possible to develop &
controllable thrust engive in time to meet the lesunch schedule,
the boost and injection guidance problem for' the lunar ascent
( will be simplified as it will be possidle fto time-control a
predetermined velocity path. Thic develoment could poseibly
reduce the sccurscy reqiirement of the star trecker.

4.2.5.4 1ONG BASELINE RADIO NAVIGATION.

Since manned as well as ummanned Plights are plammed for
the lunar mission, it is necessary to have a navigation system
to back-up the inertial system and to increase the over-all
recuracy of the galdence sad control techniques. IXong baseline
radio/radar tracking and guldance techniques offer great possi-
bilities for tracking and gulding vehicles in cislunar spacs.
Present studies Bhow that there are s number of problems yet
to be solved to give the long beseline redio navigation technmique
the desired accuracy. Among these problems are 1) the accuracy
- with which coordinates cen be determined for each tracking
i stetion, 2) the eccuracy with which corrections can be msde fur

tropospheric and ionospheric propagation effects on the system

measurements, and 3) the sceuracy with-which "élocks™ can be |
——pynchT zed at the several stetions. Reasonable extensions

of the stale-gf~the-art shonld be able to overcome these

problems however, snd it is felt that the develomment of &

long vaseline radic navigation system will be necesgary for

the lunar mission.
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. o Anticipetion that radio beacons will be in place on the
lum:r Burface has soevhat simplified the lunax lending phase of
the migsion. The use of mid-course guidsance will ensble the
vehiele to approach the moon within line-of-sight of at least
one of the radio beacons, and the bescon can be utilized for
the approach phase of the luwner landing. However, for final
vertical velocity messurement, & sensing technigue particulerly

"'"""'_; .:,,'j'—,.'._ sensitive to smell velocity changes is required. A small CW

s doppler radar is ideally suited for this requirement. Therefore

' davelopment of & small, relisble doppler radar which can operate

in the lunar environment is needed. In order to decrease the

power requirement for the radar it should not be required to
operate gt a range of over 300 miles.

k.2.5.6 RE-ENTRY GUIDANCE

Major emphasis must be placed on the guidance regnire-
e ments for the re-entry phease of the lunar mission. Position,
velocity, and attitude can be measured by the inertial system,
o however, other messurements initislly required will be tempere-
e ture, temwperature rate; structural loading and air density.
w— Extensive further study is needed to define these messurements
with any accuracy. REariy earth return equipment shonld Purnish
the dnta necessary 10 develoy the required re-entry guidance
package for the luner mission.

. %.2.5.7 ADAPTIVE AUTOPILOT

The control of the re-entry vehicle will require sn
—— adaptive mntopilot due to the wide variation in suxface effective-
ness. Adsptive autopilots such as used in the X-15 are svalleble,
but extensive development 15 needed to yeady them for use in the
luosx wission.

,}-'2.5-8

The following projects or specific tasks within these
rojects can be utilized to provide the development regquired
for the LUNEX progrsam.

Lk (U) Guidance and Sensing Technigues for Advenced
Yehicles

&

40165 (U) Deta Conversion Techuiques
50845 (U) Cutdance Utilizing Stable Timing Oscillestors
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50809 (U) Molecular Amplification Techniques

Lh27 (U) Self-Conteined Electramagnetic Techniques
for Space Navigation

;31 (U) Inertisl System Components
Rt 44169-11 (U) Space Adapted Celestial Tracking System

k3169-111 (U) Milti-Heeded Solid State Celestial
Trachkexr

44169-1v (U) Solid State Celestial Body Sensors
5201 (U) Inertial Systems Technique

S 5215 (U) Military luner Vehicle Guldance

50820 (U) Militewy lunar Vehicle Guidance Systems

58821 (U) Military Luanar Vehicle Terminal Guidance

- —
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k.2.6 COMPUTER

. o h.2.6.1

The United States has the ability to provide a suitable
camputer facility at the pregent time to support the LUNEX
nmission. As the milestones in the program are realized and
requiremepts became more complex, the computer cepability
vill improve to meet these more stringent reyuirements.
Detalled studies on the specific needs of the missicns,
time -phased, will be conducted to determine trade-offs
among possible technigues {0 insure that machine sophisti-
cation does not become an end unto itself. The following
guidelines providing sdequate flexibility, have been followed
in srriving at the required development recommendations:

#. Manned vehicles will require extensive data re-~
duetion to give an cperator real-time display of the conditions
pround him and solutions to problems such a8, velocity and

. attitude corrections; ete.

e D. BSensor control (aiming and sampling rate) mnd data
o processing will be accomplished on the vebicle either on
= ground commsand, or by operator directicnm.

¢. Mid-course and terminal guidance requiremeats will
meke severe demands upon vebicle-borne computational systems.

. d. Radistion hezarde and effects which are unknown at
present could influence the technology that will be. utilired
for luner missions.

1

e. Emergency procedures must be available in the event that
the operators became Incapacitated and incapeble of ret\n‘ning
to earth st any time during the missiom.

4.2.6.2

The Computer Capebility can be expanded In two basic vays
by improved hardware, ox pev concepte. Examples of nev approaches
viich will be reviewed prior to selection of the final vehicle
deeign are the following:

8. Stendardized computer functions incorporated into
modules 8o that they cen be used to "build” the capadility -
each mission requires. Such & concept would allow a vehicle
designer to fabricate a computetionsl“facility vithowt resorting
to extensive redesign snd/or re-packsging. The modularized con-
cept noted above 1s partienlarly adapted to unmenned missions.

g ]
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(L b. For s manned mission two fixed yprograms could be
permanently placed in storsge; these would be an overall
. conmand, or executive routine to direct the sequences of
operation, and the other would be an emergency return-to-base
routine thet could be actuated by the master control. 'Thus
8 S5~pound teape unit would replace a larger core memory and
Frovide & higher degree of flexibility. The principal adventege
in this system is that the computer is generdl -purpose in design
and therefore usesble on 2 large veriety of missions end wnneces-
S sary capabilities will not be cexried on a particuler mission.

c. An optimmized hybrid of analog and digital devicea
combined to use the betier features of each, i.e., speed of
e problem solution fram the apnalog anéd precision, flexibllity,
and data reduction from the digital.

4.2.6.3

Substantinl iwprovements in cowputer capebility, develop-
ments, relisbility, volume, weight, and power consumption will
- be evailsble for the LUNEX program by effcat expsnded in the
* following areas:

— a. Core-rope memories to be used in fixed memory eppli-

cations.
( ) b. Functlonsl molecular blocks. ¥y 1963, the date of
' earth arbit, it 1s expected that more then 80% of sll camputer

. Tunctions cen be performed by this method. Advantages are
numerous; high memory densities, extremely small size, small
velght and proper consumption.

- ¢. Belf-healing, or adaptive programming technigues as
a megns for back-up on camponent reliebility.

— d. Electroluminescent-photoconductive memony devices
should be considered for their radiation and magnetic invulney=-
abllity. In this regard, yneumatic bl-steble elements should
be considered for the same reason.

e. Photochranic storage devices have advantsges in
high storage densities, 1 billion biits/cublic inch. Certain

. applications, such ns semi-permanent storsge could benefit

i Trom this femture.

s 2.6 - - -

The following projects in the Applied Research Ares will
be utilized to dbtain improvements in computer technology:

3176 (U) Spece Borpe cmputatiom & Goutrol Technigues
21 (U) Dpigitel Cmputa'l::lon Methods & !I'echniquea
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b.2.7 COMMINICATIONS
J*-a.. 7-1

The manned lunar mission will require communications
channels between the vehicles and earth asnd on the lunar
surface for telemetxy, T.¥., voice, and vehicle contyol,
Specific system purameters will depend on the characteristics
of the ground tracking network and communicetions stetions
vhich will be used to suppart the luner missions.

4.2.7.2

There are no significant iechnical problems associated
vith the development of equipment to perform the required
commmientions operations. (nme exception to thie geners)
statement is that during re-entry redio transmission msy not
be possible at the lower frequencies utilized elsevhere in
the mission beceuse Of the plasma shield set up by zerodynamic
heating. One possible solution may be to provide & separate
system cperating at 10,000 mes for re-entyy. Oversll savings
in equiyment weight, and power requirements will result from
cereful analysis and identification of regquirements for infor-
mation transfer and meximum utilization of system components
in a dual role. This will be done during the vehicle design
Fhase. While not a regquirement for early missions the capabili-
By © wrovide o secure commnicetions link i# desirable snd will
be ronsidered during final design of the commmications systems.
A secure commnications link will be a :...uirement in later
missions. Throughout all thases, eomun:!cations ilnks critiesl
to mission success should incorporate & high degree of protection
sgainst natural or man-made interference, or deliberate Jamming.

k.2.7.3

The following Afr Force yrojects will be reviewed and used
to provide the necrssary resulis ryeauired for the Iunex mission:

4335 (U) 4pplied Communlcetions Research fur Air Force
Vehicles

k519 (U) Surface & Long Renge Communicetions Techniques
5570 (U} Communicstions Secarity Applied Research '
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L.2.8 FNVIRONMENTAL DATA

h lelall

Fresent knowledge of the lunar environment is extremely
limited and it is necessary to obtain deteiled information con-
cerning the lunar composition, subsurfece structure, surface
cheracteristics, meteorite flux, level of solar and cosmlc
radiation, and magnetic fleld. This knowledge is required to
design the eguipments for the Iunex program s0 that personnel
mey be protected and the mission accomplished.

4.2.8.2

The impm.c.mce of lunwr composition in menned exploration
of the moon lies largely in the ability of the moon to provide
fuel for vehicles mend secondary pover, as well as 10 supplement
life support systems with additionsl water, radiation shielding
material, and semwi-permanent shelters. Of these lunar resources,
water appears to be of major importance both as & fuel and in
life pupport. Water will probably be present both as ice in
rermanently shadoved zones and as water of hydration in certnin
minerals such #s serpentine.

b.2.8.3

Present knovledge of lunar composition is almost entirely
theoretical. ‘The relatively low lunar demsity (3.34) indicates
low metal content. By anslogy with the compositions of meteor-
ites it is generally assymed thet the moon is composed of chon-
dritic (stony meteorite) materizl. That this gcsumption is only
pertially valid is demonstrated by the faet that chondritic

. meteorites would have to lose sbout 104 of their iron content-

in order to attain this lunsr density.
h.2.8.4

_ The Alr Force and NASA are presently trying to determine th
lunar eomposition indirectly through study of tektites, which may
be fragments of the moon, and through study of micrometeoritic
dust ceptured sbove the atmosphere. (Air Force efforts sre
funded under Project 7698).

k.2.8.5

. The Afir Foree i3 trying to-determine the lunar composition -
directly by means of spectrometric snalysis of the natural X-ray
fluorescence of the moon due to the bombardment of the lunar
surface by solar radiation. The first knowledge of lupar compos-
ition is anticipated in March of 1962. (This work is also funded
under Project 7698).
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b.2.8.6

RAGA intends to measure the luner composition directly
vy means of 1its Surveyor lunsxy probe now acheaulea for mia 1963.

h.o.8.7

Neither Air Force meesurements of overall lunsr composition,
nor NASA messurements of spot compositions will satisfy the
requirement for location of lunar resources. The NASA Prospector
vehicle scheduled for 1966 will obtain more widespresd data,
but vhat is urgently nceded is detalled knowledge of the vari-
gtion of lunsr composition over the whole surface. fThig ean
only be accomplisbed by a lunaer orbiting vehicle with appropriate
instrumentstion. NASA presently has this planned for 1965 and
the appropristeness of thelr instrumentation remains in doubt.
Also this is too late to meet the :"equimments of the LUNEX

progren.
L.2.8.8

The importance of luner subsurface structure in erploration
of the moon lies largely in a possidble collapse herayd under
vehicles znd personnel, snd in the possibility of utilizing-
‘subsurface siructures as shelters and storage faeilities. (

Present Jnowvledge of luner subsurface siructure is based
on a theoretical extrapoletion from the presumed origin of the
surface festures. The majority of lunar geologists believe that
lunar craters were formsed by means of the impact of lerge meteor-
ftes, and that only limited volecanism hss occurred in the lunar
highlands. The maris, on the other hand, are thought to bte giant
lava pools; although the melting is assumed to have been triggered
by esteroidud impact:

Besed on these thecries of origin for the lunar surface
features, 1t is thought that the subsurface struetmre of the lunar
highlands will consist lergely of overlapping leyers of debris
ejected fram the impact craters. The collapse hazard of such
material is negligible. The maria should be covered by no more
then 40O feet of vesiculer (bubble Tilled) lava, with meximum
vesicle (bubble)} size about six feet in diemeter. Such terrain
could present a collapee harard, the severity of shich will
depend upon-actual {rather than meximm) vesicle size,

It should be noted, howvever, that a rival theory for the
crlgin of luney craters holds that they vere profuced by voleanism
as calderas. Chould this theory be correet, the c¢collapse hazard
in the highlends wonld probebly exceed that on the maria.
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In order to determine the lunayr subsurface structure, it
1s necessary to place instnments on the moon. Thus, the A{r
Force, although contributing theoreticel evaluatlons as deserived
sbove (under Project 7698}, has no program for directly determin-
ing lunar subsurface structure. NASA plans {0 plare selsmometers
and & coring instrument in the Surveyor vehicle in mid-1963 to
determine these parameters. Again, point measurements are not
sufficient, and geophysical instramentation adeguate for de-
teruining subsurface structure from the lunar orbiting vehicle
(1965) should be developed.

4.2.8.9

The importence of lunar surface characteristics lies in
thelr critical impertance in design of Doth rocket and surface
vehicles end in lunsx navigation. Critical surface characteri-
stics include gross topography, mierctopography epd the nature
of the lunsr dust. Of these cherscteristics, knovledge of
grogs topography will be important in overall rocket design
&nd in desipgn and operatiom of rocket laading and navigatiopal
equirment. fThe microtopography (relief less than 20 feet) will
be impoztant in the design of rocket lending equipment and the
vebicle for surface exploretion. The nature of the surface
dust will be most important in design of the vehicle for surface
exploration.

Present knovledge of gross topography shows that slopes
are generally gentle, and topographie profile have been deter-
mined over a limited sméunt of terrsin. Present knowledge of
microtopography is very limiied. Radar returns, once thought
relisble Indicators of low microrellef, are now considered by
most space Scientists to e so poorly understood that conclusions
nay not Ve drawn from them. Fhotometric data appears to indicaie
s rather rough surface, but this data is also subject to more
than one interpretstion. Present lknowledge of the nature of
the luner dust is entirely thecretical. The leading school of
thought holds that the dust 15 compacted and sintered. An
opposing schocl holds that the dust bears sn electrostatic
charge. Should the dust bear an electrosiatic cherge, 1t wounld
be very loose and probably subject to-mlgrastion. The hazard
to surface vehicles and even personnel ie epparent.

___Gross lunar topography on the visible Tace is presently
being mapped by the Aeronautical Chart and Informaticn Center
based on technigues developed under Project 8602. Maximum
resolution is about 1/3 mile, and average resolution 18 sbout
one nlle. Higher resclution photography end photography of the
back side of the moon will be obiasined by the lunar oxrbiting
vehicle planned by NASA for 1965. A coopagative effort by ACIC
and NASA is yresently eanvisioned to pcm&uce the necesaary topo-
graphic lunar charts.
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. Mlerotopography ie being studied by the drmy Corpes of
Engineers through redar experiments. (The Air Force work is
being done on the Millstope rader equipment) The reture of
the lunar dust 1s being studied primexily by the Air Force
under Projects 7696 and 8602 by means of radicmetric stulies
from high altitude unmanned balloons and results exe antici-
pated early 1962. NASA mnticipates obiaining nt least partial

— data on the nature of the dust from Surveyor {mid 1963) by

g television ocbseyvaiion of the lunar suxface and by the landing

- characieristics of the vehicle.

—_— k.2.8.10

The meteorite flux snd level of solar and cosmic radiastion
near the lunsx surface are importent for the survival of personnel
elther on the lungy surface or in vehicles end shelters.

Present kmowledge of these parameters is fairly precise
as a result of satellite and deep space probe experiments by
NASA and the Alr Force. Only the radiation environment within
S the first few meters of the lunar surface is still speculative
— a8 a result of uncertszinties in our kmowledge of the interaction
N of golar and cosmic radistion with ithe lunar surface matarials.
It seens likely thet a clowd of jons will be produced by rediation
bombardment as well &s secondary X-reys. The density of the

electron cloud 15 unknown, and mey be critical for luner communi-
. cationsg.

W

The Alr Force 1s studying the lunar and cisluner radistion
environment undexr Projecte 6687, 6688, 7601, 7649, end T663 bh
means of satellites, deep space probes, and vertical sounding
rockets. The NASA Surveyor vehicle (mid-1963) should give de-
tailed knowledge of the radiation environment at the lunar surface.

h-2-8-11

The lunar magnetic field mey be Amportant to gpace and
lunexr surface nevigation, snd in its effects on ionized lunax

materials.
- The Russisn Lunik IT indicated that the lunar magnetic
. Tield must be very amall. The Russiens were not clesdy on how
' smell, but it iz generally thonght that the moon does not possess
H 8 magnetic field. Thus, all magnetic effects should be derived

from the very low intensity interplanetary field end megnetic
fields, "frozen" into solar placmas.
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4.2.9 MATERIALS

4.2.9.1 The Lumar expedition imposes rigid requirements
oo materials to meintein their charscteristics vhile subject to
radistion, vacuum, temperature extremes, and meteoritss. This
problem must be considered by the individual subsystem demign.
Tt 48 intended to point oul here the oversll materiml problem
P— and programs vhich will contribute to its solution.

. 4.2.9.2 The absence of an atmosphere on the moon incresses
R the radiative flux (perticle and electromagnetic) from the sun
and a6 such potentislly increases the possibility of damage to
man and light-weight plastic structures through the formation
of free rsdicals and subsequent depolymerization. The peed for
light-weight shielding is spparent. The vacuum conditions of
the moon would eggrevale the problems associated vith molerately
volatile constituents of plastics, lubricants, ete. For
i ingtence, the relatively volatile plastie{zers 1in s plastic
material could evaporate and interfere with the plastic
s function. Finally. the results of impact of micrometeorites
w on structural materisls mist be determined. All desirable
properties must be acquired without pensliy of welght. In
addition to the problems encountered on the Moon, similar
problems sre sncountered while in transit. In particular £he o
heating encountered on re-entry into the earth's atmosphere - (
. et 37,000 feet per second presents s severe neterisl problem.

4.2.9.3 Some of the specific material requiremenis
that can be identified mre:

v a. Iabricants that will function for long periode of

tire in & vacuum and temperature conditions such as exist in
the moon.

B, Materisle that will not sublimate in a vacinum at
moon tempayature.

¢. ILight-weight shielding material against meteorites.

- ‘d. Light-weight. radiation shielding.
£ e. Shock-absorbing materis) that will function at
= 330°F.
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f. Coatings that will resist radiation, especially
during pericods of solar flsres.

g Glues gnd adhesives that will Punction with Jlupmr

materianls.
s 4.2.9.4 Present projects to raise the level of technology
© in materials are listed below. They will be supported as
GUngs required to ineure success of the Iunar miesion.
7312 (U) Finiches and Materials Preservation.
7320 (U) Air Force Textile Materials.
7380 (U) Non-Metallic B Composite Materials.
o 7351 (U) Metallic Materials.
% 7371 (U) Applied Research in Electrical, Electronic,
o and Megnetic Material.
7391 (U) Energy Transmission Fluids.
( 4.2.9.5 While work in the basic rmsesrch program cannot
. be counted on tc provide technical break through within the
time schedule of the LUNEX progrem, materisls study of this
type ¥ill be monitored so thai s11 technicel advances can be
o integrated into the IUNEX program. ©Specific examples of
e projects of this type are: '
. 8306 (U} FEesearch on Materials at High Tempersture.
" 7022 (U) Surface and Interface Fhenomens of Metter.
9760 (U) Research in Properties of Matter.
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4.3 TEST PLAN

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

Te test program will be earried out on the basis of resesrch

—— testes to esteblish Qesign criteria, materiels, tests, component’:
e tests end finally, a progressive series of tests as components are

) egsembled into subsystems and me)or systems and structures. Inte-
ST gration tests for flight sultebility will be confucted for sl
e

functioning systems and the complete vehicle. Paylosd effects on
the booster structure will be determined with s simnlated payload.
Subsequently, a f1ight-type payload will be used to demonstrate
booster-payload system compatibility, relisbility, crew safety,
and mission performance.

- Egphasis will be placed esrly in the program on research tests
P to derive besic design eriterin, define the configuretion and de-
‘. termine serodynamic parameters.

Tesis zre to be run al progressively higher levels as the 2esign
evolves. Thus, entire subsystems, combined subsystems and complex
maJor structures sre to be subjected to evaluation tests as necessayy
to investigate component and subsystem interactions, or to prove out
. canplex structural designs. (

A captive-test-vehicle firing program will be the culmination
of ground development testing. The over-all objective of the captive-
— Tiring program 1s to demonstrate satisfactory integretion of the
% i propulsion system with other vehicle cystems thaet have an interface,
direct or indirect, with the propulsion system. The esrly tests
N will be conducted in 2 simulsted vehicle with the airbome vehicle
e eystems instrlled on » heavy-wall propellant tank section, The
tanks will bde supported by a test stand structure which will also
restirain the tanks against propulsion system thrust forces. For

Tinal testing e flight-type confipguration will be used during
captive tests.

Flight testing of the High-Speed Re-emtry Test Vehicle, the
Abort System and Orblial, Circumlunar and ummanned Iansr Landing
and Return Vehicles will complete the development progrem.

4.3.1 TEST CATEGORIES
%.3.1.1 RESEARCE TESTS

" Tests will be yun in eppropriate research laboratories
to define basic design. critaria in st least the fo.'llou:lng technical

areas: .
,’ ..'. '.u.' "
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&. Propulsion

b. Heat transfer

¢. Aerodynamic forces and pressures

d. Materisls

e. Staties (structures)
%.3.1.1.1 Propulsion Tests--Wind and vecuum tunnel tests will be
conducted to investigate the problems of multiple re-start in a
vacuum environment, to develop throttleable technigues, to de-
termine lunar lending problems, and to determine the desirability
of using the same engines for luner landing and lunar lannching.

Tests will be mede to evaluate the propmlsion stage for

the circumlunsr flights and to determine the capability of the abort
Propulslon system to accomplish its objective.

%.3.1.1.2 BHeat Transfer Tests--Testing will be reguired on the
insulation for the liguid hydrogen tanks to determine:

&, Optimum material thicknesses and weight

b. The smount of liguid hydrogen bolloff

¢. The air leskage through seals

4. The airload effect on stmctural integrity

e. The thermal bowving of insuletion penels

f. The separation distance between panel and tank skin

_ Scale-mydel or modified full-scale air-conditloning tests

vill be conducted on engine compariments, adepter sections and flight
equipment storage areas.

Heat transfer characteristics for selected materials,
structures, and surfaces will be required to support the engineering
desigi.
4.3.1.1.3 Aercdynamic Force and Pressure Wind-funnel Tests--Wind-
tunnel model tests of the launeh vehicle and payload configuration

vill Ye required to accurately determine the serodynamic forces
and maments lmposed on the vehicle during the boost trajectory.
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These tests will provide data for determination of structural design
criterie, serodynamic stsbility and control parsmeters, and the per-
formance penalty incurred by eerodynamic drag. 'The test program will
include both force and pressure messwrements through the flight Mach
mmber range for which these effects are significant.

Wind tunnel testing of selected shapes st velocities never
before studied will be necessaxy to determine re-entry vehicle character-
istics. Particular emphasis will be placed on conirol surface eapability
and heeting provlems. Maneuverabillty limits, g loadings, re-entry
corridor characteristics and spbsonie landing characteristics must be
determined in support of the engineering design progrem.

Integration and correlstion of the ground wind-tunnel
testing wvith the high-speed re-entry flight test program is esseniial.

4.3.1.1.4 Materisl Tests--A msterlals development test program will

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

a. DOmooth and notched static tensile tests of the selected
materizls.

b. Static tensile tests of welded Jolnts, both fusion-
&nd resistznce-welded, for the selected Joint configuration for each
type of sheet meterial.

¢. Smooth and notched statie tensile tests of the selected
excrusion and forging msterials.

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

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

This data will be accumulated for the appropriate tempexature
ranges, 1.e., from elevated re-entry témperstures to the eryogenic
temperztures in the tanks, as dictated by the projected environmental
requirements. In eddition, supporting tests such as metallographic
exzminations and chliemical composition determinations will be magde as
resuired.
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" 4,3.1.1.5 Static Tests--The static-test program will include

design and structural substantistion testing to demonsirate
structural integrity of the Manned Isnar and Carge Payloads.

Structursel substantiation testing to design loads aund
temperstures will bte accomplished on & full-glze stud tank, ldentl-
cal (except for length) to the Lunar Landing Stage tank. 'his
will ensure that load introduction and takeout will be representative
of the flight mrticle.

One complete loterstage adapter will be tested to ultimate
decign loads under sppropriate environmmentsal condlticns. The adapter
will be sttasched to a stub tsnk 1dentical to the Lunsr Launching
Stage tank section in every respect except length, to engure realistic
load intreduction end takeout. A

A stub tank w11l sls50 be nsed to demopstrate the Antegrity
of the Luner leunch Stage tank construction under design loeds and
enviromments. Methods of introducing the psyload wehicle loads fnto
the edapter section mnd thus the lunsr Launch Stege tauks will be
determined.

Tests will also be run on full-size tank bulkheads.
These will be attached to 2 segnent of {ypical teank siructure,
edequate to allow the bulkbead behavior to be reprecentative of
that of the flight a;rticle under design conditions. These bulkheads
will be tested to uliimate design loads to ensure thelir structural
reliabilicy at &ll points vithin the flight reglie.

Ground handling equipment tests will cover exitical
fittings and Joints faor structursl substantiation of therpe items
wnder design conditions.

4.3.2 DESIGN EVALUATION TESTS

Component design evaluation testing is defined here us in-
Tormel testing conducted by the vehlcle eontractor, or vendor test
labs, for the purpose of besic design evaluation prior to production
relesse, and %o pinpoint critieal areas in prototype packages.

Quelification testing is dsfined as those formel tests per-
formed on flight-type hardvare to demonstrate compliaunce with design
specifications. A qualification test plen will be prepared approxi-
mately 90 days after eagineering go-ehesd outlining the guslification
test conditions. The qualification tests are to be performed in
strict accordance with written and approved detailed test procedures,
and vitnessed by the Alr Force, or an spproved representative,
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The vehlcie contractors test laboratories will conduct these testis, (
or subcontract and supervise them et an independent testing mgeney.

Components to be tested wvill be determined during the enginaering

deslgn effort.

Controlled envirommental conditions will simulate conditions
that airborne and ground support equipment ere expected to experience
daring menufecturing, shipping, storege, preflight end flight.

Environmental testing conditions will be established based
on date alreedy obtained in research and development programs on
large rocket-powered vehicles and associated support equipment.
Conditions for shipping, storage and handling environmental tests
are cstablished in current military snd compercial specifications.
Subsystem, cogbined subsystems, and structural eveluation tests
will be run in sppropriate laboratory facilities to investigate
component and subsystem interactions, sni to prove out structursl
designs. Acceptance test procedures will also be developed for use
in the factory on 8ellversble hardware.

A tegt plan describing the basic conditions and test objectives
of eath factory system test, along with the checkout parameters and
recorded evaluation date, will be prepared.

A Tinel sccepiance test will e required 1t the time the con-
tractor delivers the vehicle to the Air Force. Test conditions will i (
be as close to the flight conditions es is feasible end sa.fe. A1l
systens will be energized and opereted simultaneously.

A final scceptance test evaluation document will be prepared
for use by the Alr Force and the contractor in determining complisnce
vith test requirements.

Systems acceptance test procedures will bte based on all eritieal
parameters required to determine preoper functioning of each system in
accordance with design specifications and drawings. This will assure
8 coordinated effort of vehicle des:lgn, test equimment design end
factory acceptance testing.

4.3.3 FLIGHT TESTING

The LUNEX flight test program reyresents o long snd expensive
effart leading to the first manned landing on the moon. It requires
basic research flights, equipment checkout flights, capability .
demonstration £lights and £indlly the msnned snd cargo luney Evpedi-
tion flights. This type of effort can only be achieved efficiently
and at & minimum cost if the end objective is slweys clear and the
yrogram is designed 4o meet this objectiwe,

4
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. The lLanar Expedition flight test progrem will provide

many side, but important space capabilities. For example: iIn
April 1965 the first orbital flight capability in a true epace
vehicle wll1l be possible; in September 1966, man will meke his

First flight around the moon in a fully maneuverable and recoversble
re-entry vehicle; and in Angust 1967 the first msn will land on the
moon. Essentlally these can all be cglled test flights, but 1in

e each cese the system is only at the beginning of its cepability
e instead of being a dead-end item. PEuch of these capebilities may
T reedily be expanded to provide a military capsbility if necessary.

The flight test program is sumsarized op the Lunar Expedition
Test Schedule. The following major objeciives will be accomplished
in the indicated psrt of the test yrogrem.

4.3.3.1 HIGH-SPFEED RE-ENTRY FLIGHT TEST

Since present wind-tunnel cepabilities ere limited to
approximately 18,000 ft/sec., it 1s necessery to prerform re-entxy
f1ight testing at veloclities that range from 25,000 to 45,000 fi/sec.
The major objectives of this test program are to:

a. Verify or disprove present theories on bzsic 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 reguired
for this re-entry range.

— B c. Identify the following:

(1) 1tems that can be mve-;atigated further oo &
laboratory scale.

(2) Specific lsboratory fecility resuirements.
(Bi Additionel flight tests thet must be rerformed.
4. Support the engineering desipn progrém for the LUNEX
- by providing the above data and special shzpe testing 1f reauired.
f'*? 4.3.3.2 LUNEX RE-ENTRY VEHICIE FLIGHT TEST
— - The I_.l.mex Re-entry Veh_icle _w;.]:?f;irg;t tested by

various techniques apnd in varying environments. Ezch test will
be designed to allow the vehicle to proceed to the next more
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difficult step. The majoxr testing steps are presented below with
the major test objectives for each step.

a. Prototype Drop Test
Frototype vehicles will be drop tested from a B-52,

e or equivalent, in both an unuenned and a manned series of testa.
UL Each series will be designed to:
bt 53 (1) Establish lsnding characteristics.

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

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

- (¥) Train LUNEX Crevs.
B b. Orbital Test:

Maximum use will be made of SAINT orbital test infor-
mation and unmanned snd menned flights will be accomplished. These

tests will demonstrate: . (
. (1) "he capabllity of the Iunex Re-entzy Yehicle to
: operate in the orbital area.
— . ) (2) Re-entry capebility st velocitles of 25,000 f£t/sec.
:'i.’i{?

(3) "he maneuversbility of the re-entry vehicle ana
its capability 4o land at a preselected eaxrth base.

{

c¢. Circumlunar Test
This f1ight will use the Circumlunar Pmpulainn Stage
and the Lunex Re-eniry Vehicle. The major test objectives are:
L (1) To send an unmanned end then a manned vehicle
i around the moon snd return for an earth landing at & selected base.
e - (2) 7o check out gildance, f£light cantrol, ..cmmig.___ [
w—as cations and 1ife support sub-systems in & true space environment

prior to landing om the lunaxr siurface.

(3) "o perform masned reconnaissance of the lunar

surface.
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d. Iuney Lan end Retum

The unmanned vehicle flights will check out the Manned
Re-eniry Vehicle and related systems 10 provide a campletely suto-
matic system before man first tries the most difficult step in the

LUNEX program. The major test ob,jectives :or these flights will be
to:

(1) Check out the Iunar Ianding and lunar Launching
Eteges.

(2) Check out the Cargo Payloed's ability to deliver
cargo packeges to a preselected site on the lunar surface.

(3} Place three men on the lunsr surface so that the
initial surface reconnaissance can be accomplisbed prior to the
arrival of the Iunar Expedition. ’

¥

%.3,3-3 LUNAR JAUNCH STAGE FLIGHT TEST

The ILurer Lsunch Stage WAl be initially checked under
orbital eonditions to:

8. Demonstrate spesce environment operstion.

b. Demonmstrate engine restart after "scaking” in space
for an extended period.

e¢. Demonstrate autamatic checkout, commmications, apd
remote control capability.

The Luner ILannch Stage will then be flight tested with the
complete Manned Innar Payload for the umnnanned and msnned Lunay
lsznding and Return Missions.
4.3.3.4 LUNAR IANDING STAGE FLIGET TRST

The Iunar Ianding Stege will be 1nitially checked out by
drop testing. These tests will:

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

b. Evalusate the effects of unexpected terrain variation.

e. DYetermine the effects of malfunetioning equipment
during the landing maneuver.

b4 WDIAR-S-458
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. d. Bvsluate the effects of engine blast on landing
. surfaces similar to0 the predicted lunax surface.

The Lunar Landing Stage will xeceive its first space
evalustion in orbit. The major objectives axe:

a. Correlate drop-test data with orbital or space

operations.

I

Bl b, Yo determine the effects of space environment on the

L stage.

— The Pirst Lunar Landing with the luner Lending Stage will
be accomplished with a cargo packege &5 the payload. When this has
been campleted a Ianex Re-eptry Vehicle will be landed unmenned.

The test objectives are to:
a. Denonstrate the feasibility of landing large cargo

e packages on the lupar surface.

| b. Demonstrate the feasibility of automatically lending

T 8 "manned vehicle" while unmanned.

c¢c. Provife & man-rated system for the laner Expedition.
4.3.3.5 CARGO PACKAGE CONFIGURATION FLIGET TEST ’ (
. . Various configwrations for the Cargo Package of the Lunex
Cargo Payload vill be tested.. The objectives ere to:
T ' &. Determine the Cargo Payload aerodynemic characteristies.
: b. Demonsirate that the Cargo Packages can be delivered

- vhere deslred on the ILunar surface.

k.3.3.6 ABRT SYSTEM FLIGHT TRST

The fact that & system of this megnitude must possess some
measure of "unreliability” 1s recognized and s "fail safe” abort
system ls required to insure tbe survivablility of the crew. The

S test objectives for the Abort System Flight Test Program sre to:

ﬁ 8. Demonstrate that crev members in the manned Innex

B, Re-entry Vehicle can be recovered safely in the event of &-melfunction, -

il

. b. Demonstrate that the Space ILsunch System 15 capable of
shuf-down, or thruet vector change, so thet crew sbort is possible.
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}.3.4 CHECKOUT AKD TEST EQUIPMENT

The test equipment vill be fully sutomatlie with guantitative
readout capobility for all critleal functions. The Lonex checkout
equipeent will be the same, or ccmpetible with the Space Leunching
Bystem checkout equipment. The equipment will be g¢apable of checking
out the complete booster and payload system as well as any individual,
or igsolated component, or subsystem. It shall be fully capable of
checkout of any one stage, or the re-entry vehiele, 25 an isolated
unit, and will mate with the stage Interfsce functions and furaish

appropriate operationsl or simuluted error inputs to the stege
systems.

For thie time period of Interest, it i5 entirely practical to
incérporate malfunction predietion capability for preventative wainte-
nance, This will entall o computer function which will accurately
control and record the input and output signal values to each system
or component. Variations in operation will be recorded and compared
to predetermined fallure values, or characterictice and will forecast
the remaining service life of the system umder test.

The checkout eguiyment shall bte installed in esch Blockhouse
and it may be used in conjunction with the launch zrea. This same
equimment shall be utilized in the vehicle manufacturing checkout
tmd test functions, as well a5 in the launch complex, receiving,
insyeclion, and maintensnce facilities.

The blockhouse eguipment will monitor the launch control system
cammands and inputs es well ss those of the payload. Becsuse the
launch control equipmient will display only go/mo=-go signels, the
cheekout and test system will furnich quantitative displays of any
function under question for human appraisa) and deeision.

Vhen the systems are flownm unmsnned and on the early manned
lupar flights it will be necessary to provide automatic checkout
where sppropriate via a telemetry link. As an example, prior and
during lunar lsunch the checkout procedures will be monitored at
the earth contrel station via the telemetry link.
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h.h PRODUCTION PLAN

At the present time g detailed Production Flen iz not
available. Hovever, the present preliminary design stody will
be completed on 30 June 1961 and the finul repart to be

— provided by six independent contractors will include their
¢ % proposed Profuction Flan, ¥hen the study results have been

evaluated a Production Flan for the Iunar Expedition will be
prepared.

®
| %

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

Loh.l  QUANTITY

Limited quantities of early equipments will be required
. until the test program improves and increases the cupability
of each item and production quantities became possible. Thus,
ag development and testing proceeds the equipments will become
more standardized and production techniques vill become more
appliceble. When the Lunar Ianding and Return flights are
injtiated it will be necessary to lsunchk vehicleg at ratea
that very fram one to two flights per month. When the ILunar (
Fxpedition 1s actually underway the lsunch rate will remain
. at a rate of two per month for an extended period. Considering
the size, veight, complexity and importance of these vehicles
this represente production rates even vhen compared to past
— sireraft or missile production programs.
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4.3.2 QUALITY

e The irherent relisbility of the systems reguired for the
Ianar Expedition program will be maxinized by good design
practice. Relisbility testing represents =z major effart of
the test program, but the achieved relisbiliiy of these systems
can only be maintained during production by an excellent
quality control program. This means that good organizationm,
adequate manning and early recognition of the quality control
problem ig essentiel. Closme coordination ie required between
the quelity control personnel and the reliability personnel
___ _ in the design, development, and test program 1f-the-relisbility — -
prograem end the test results are to provide the proper
guldence so that qual:lty SAp be maintained throughout the
Proguction effort.
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4. k.3 LOCATION
It 18 anticipated that most of the major systems and
sub-systems can be wamufactured at facillties, or locations
presently in existence and available o the acrospace Induastry.
— Hovever, the possibility does exist that certain items, such
R es the first stage solid propellant stsge, may be mamfactured
R at the Iupar Isunch Complex due to its size and transportation
bt SH limitations. These particular items hove not been specified
et this time, but this will be done as scon as possible.
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FIGURE b=1

MANNED 1UNAR PAYLOAD - WDLAR-S-458
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5.  BUDGET AND FINANGIAL

5.0 INTRCDIKTION

The funding estimates for the Lunar Expedition Program are
based on results obtained from previous concept, feesibility, and
preliminary design studies. These resulis were published in the
Iunar Obsexvatory Final Report, Volume 1 - Study Summery and
Program Flen, numbered AFBMD TR 60-l4 snd dsted April 1960. The
costing of this program wes accomplished by the Rand Corporation
and wes based on & campletely integrated program.

The funding estimates for the Lunar Expedition represent
all ths cosis of establishing a habitable facility on the moon
except the cost of developing the Spagce Launching System.

This funding would include & Luner Transport Vehicle de-
velopment program that would give the U.S5. the capability of
using the moon and space. Then if {the need should develop in the
futwre, the Lunar Expedition Facility could be expanded {0 support
military operations. Situdies have shown that the moon possesses
real military potential and it could support & recallable deterrent
capability. 'The developrent of the Lunar Transpori 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 FINHANCIAL PLAN

A vreliminery design for the Lunar Transport Vehkicle is
presently being accomplished by six contrectors on an active
etudy program. This program was funded for $3%00,000 in FY 61
and three of the contrectors are each performing the design
under s $100,000 contract. The other three contractors are
participating on a voluntary basis.: The final reports for this
preliminary design will be sutmitted to the SSD on 30 June 1961.
Evaluation of these reports will follow immedietely end the results
will be used 1o revise this document where necesgary. The LUNEX
program has apn Engineering Design competition scheduled for injti-
ation in January 1962. This competitive effort would be eveluated
and a decision on the mesnufacturlng approach would be possible by
Jenuary 1963. Ta accomplish this program the following funds will

_be required:

$ 112.2 L

Should the above funds not be made avallable, the schedunle for
establishing tre Iunsr Expedition will be delayed pro:go:rtionally to
the delsy in funding.
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5.2 COST Esmmmg -

The runding requirements for the complete LUNEX Program are as
follcws

F.Y. COST3 (In millions)

1952 1963 1964 1965 1966 1967 1968 1969 1970 1971

R&D laﬁgloh 335 6601081;16085 j

leunch Pacilities .8 6 6 S - g

Expedition Costs S £n35 1023 708 631
Anmial Total |26.9, 112 390! 74| 1084] 1608 1135|1023 79§] 631 |

Program Total

To accomplish the IINEX Progrem, additional informetion about the
lunar surface {8 required at an early date. This mesns Iunar surface
thotographs from & lunar orbiting vehicle and the delivery of a radio-
1ight beacon to the lunar surface by a soft lapnding vehicle. Present
NASA programs will provide some information and capability. However,
to meet the IUNEX program Gchedule, the following additional funding
will be reguired by either the HASA or the Air Force:

_Unmanned Vebicles F.Y. C0STS (In millions)

1961 1962 1963 1@ 1965 1966 1967

Tunar Photographs and

i
Radio-Light Beacon 15 175 8 lis !
r ! T ! !
Recovery of Lunar | ? :
Core Sample 112 (35 85 285 265 (85 i 2h
' ANNUAL ToTALS "'27 ‘110 | 175 300 265 ' 85 ! ok

WDLAR-8-458
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5.3 FY 62, 63 FINANCIAL PLAR

MANNED LUNAR PAYLOAD
Lunex Re-entry Design & Mockup
(2 cont'r, 8 M en)
Lunar Lending Stege
(2 cont'r, 1L M es)
Lunar Launching Stage
(2 cont'r, 1 M ea)

SECONDARY POWER
Manned Vehicle Power System
Surfece Vehicle Power System ElB kv)
Nuclear Lunar Facility Power (300 kw)

(Spur Program Support)

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

LIFE SUPPORT
Crew Compartment Design
Ecological System
Moon Suit or Capsule

COMMUNICATIONS & DATA HANDLIRG
Manned Vehicle Videc System Deslgn
Wide Band Moon-Barth Link Design
Secure Narrow Band Link Study
Man-Man Lunar Surface.

Materiale and Resources
Re-entry Meterials Research
lunar Netural Resource Dev.

$ In Thousands

16,000
2,000
2,000

100
1,000

FY-63
80,000
10,000

10,000

1,000

1,500

450
450

500

5.7 WDLAR-S-458
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6. ' PROGRAM MANAGEMENT
6.0 MANAGEMENT FOCAL POINT

The focal point for management of the Lumer Expedition Program
will be & Lunex Progrem Office within the Space Systems Division,
AFSC., The Director of the Program Office will cocrdinate, integrate,
monitor and direct all activities of the luner Expedition Progrsam.
Suvordinate to the DPirector will be managers for mejoxr perts of the
program. A tentative organizational chart for the Program Office
is shown in Figure 6-1.

6.1 RESPORSIBILITIES

8. The Farth Iaunch Camplex Office will be responsible for the
civil engineering espects of bullding up the earth launch base.
the immediate problem of this office will be e site selection
survey.

b. Die Earth Launch Vehicle Office will be respopeible for
all earth launch boosters required for this program.

¢. The Lunar lLanding and launch Vehicles Office will be
responsible Tor all development and testing of the Lyner ILanding
Stege and lunar Launch Stage.

d. The Manned and Cargo Payloads Office will be responsible
for the development of the 3-man Lunex Re-entry Vehicle and ihe
Cargo Psckage. This will be one’of the key offices in the entire
program since 1t will be concerned with such mejor technical areas
&5 life support eguipment, re-entry problems, secondary power mnd
atructures.

e. The Commmnieations end Dats Bandling Office will be
Tesponsible for establishing the commmications network and
centralized data handling organization. It will alsc concern
itself with comunications problems between the earth, the moon,
and the lunex Be-ent:q’ Vehicle and point-to-point on the lunar
surface. . .

f. Guidance and Flight Control Office will be responsible
for developing: ascent, mid-course, terminal, luner ascent, and
re-entry guidsnce equipment.

g ‘The Lunar Expedition Faeility Office block (shown in
dotted outline) indicates that that office will be estsblished at
a later time since the problems associated with the expedition
facilities are not of Immediate concern.

6.5 -5455
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. ( h. 'he Flans Offlce will be responsible for examining other
potential uses of equipment developed for the Iunex Frogrem. For
exsmple, - the same equipment could be used for sending men eround
Mars and Venus, or perhaps effecting e landing on Fhobos. Con-
eiderable planning slso needs to be done regarding the explorastory
phase of the Iunar Expedition.

w— i. Programming Office will be responsible for scheduling
Rt and budgeting of the entire program. Tuis office will have under
its conirol a network of computers designated ac the PEP program.

J- The Technical Integrution and Support Office will be
respansible for insuring the itechnical compatibility of &1l com-
ponents of the system, such &8s, thet the vibration is within toler-
able limits during the boost phase vhen all components of the
system have been put together. This office will also provide
technical agsistance to each of the main component offices. 'The

. component office such as the Manned and Cargo Payloads Office will
: not Yely entirely on the Technical Integration and Support Office
- for assistance, but will be free to obtain the best technicel
¥5 advice availsble in the nation from whatever source 1s necessary,
er such as other government laboratories or universities. This
Technical Integration and Support Office will be manned by
Alx Force officers who will be responsible for the various
ddsciplines end for technical support from the Aerospace

. ( Corporation.

k. The Reliability Office will inzure that a2 strong
reliebility and safety program is followed by all contractors
throughout the progrem. Since reliability and safety is of such
extreme importance in this program every effort must be made to
insure the reliabllity of the final equipment. This can only be
done by giving proper recogoition to the problem &t 2 high orgeni-
M sationel level vhere pelicies and recommendations cen be recogniged

and implemented.

6.2 PROGRAM OFFICE MANNING

T

A Program Office mist bde estadblished immedlately after progranm
approvel if planned schedules are to be met. It is estimsted that

N an initial buildup to 72 officers plus 35 secreteries will be

R req;tired A requi:'ement for 100 HIS v:‘l.ll be estahlj.shed with the

atio; of -the-mag p—of the program,
- \&ichwlnbuilduptomrethanonebillimdollmam,

larger Frogrem Qffice will be regquired. FPlanning for theee in-
creased manpower requirements will be accomplished by the Program
Cffice, after it is establiszhed. Suggested initie) distridbution

6.6
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"o personnel within the Program Office 18 ms follows:

a. lunex Program Direector

b, Plans

¢. Programming

d. Mechnical Integration and Support
e. Relisbility

T. Eaxrth lsunch Complex

g§- Earth Lsunch Vehicle

h. Iuner Landing and Launch Vehicle

i. Menned and Cargo Paylosds

=
L ]

J- Communications snd Date Handling

W

k. Guidance and Flight Control 3
6.3 ORGIRIZATIONAL RELATIONSEIPS

There will be a continual and enerpetic exchange of direction
and information between personnel of the Lunsr Program 0ffice and
development contractors. Beceuse of the complex nature end magnitude
of the program, the Frogrsm Director will be reguired to deal with
mary contract~s from diverse technical areas. It is envisioned
thet an associete contractor willl Ve selected for each major portion
of the program, who will, in turn, use many supporting contrecting
various technological capabilities. Teelmieal integration and
support will be accamplished by the Aerospace Corporation under the
overall guidance end control of the Program Office.

6.k AIR FORCE DEVELOPMENT AND SUPTCRT

The lunex program office will work with the Technical Area
Menagers within AFSC. The Technlcel Area Managers have project
responsibility for development of solutions to technieal problems
such &s those sstociated with guidance, materiels, rocket engine
yropulsicn, life support, etc. Each Technical Area Manager will
identify end emphasize those criticel technical problems to wvhich
specific effort must be directed in order to attein a espability

tonal i bea dafnme of the United Stotes within the m _* of e E g Lawt, Tite
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6.5. OTHER AGENCIES

Speciflic arrangements vill be made with other agencles as
requirements arise in the development of the Lunex progrem.

6.6 MARAGEMENT TOOLS

The basie philosophy of developing all elemente of this
PYogram on & concurrent basis introduces rigid schednling require-
ments. Specific tasks must be defined and scheduled. However,
when develomment problems dictate that many factors be varied to
keep abreast of advancing state-of-the-art, concurrency and even
the end objectives are arffected and possibly delayed. A mspagement
tool which uses an electronic computer will be used to support the
Program Director in planning, operating, and controlling the Lunar
Expedition Progrem. It will be initiated in the early stapes of
the Progrem and will contimze to be used throughout the expedition
phase. This management tool ealled Program Evaluation Procedure’
(FEP) will assist the Director by providing:

&. A method of handling lerge messes of data quickly,
efficiently and economically.

b. The capability to locate, identify and this correct
trouble spots.

e. A capability \o:f' integrating the many varied and compli-
cated facets of the Lunar Expedition Program.

6.7 FEP _ e

The TEP management tool 1is made possible through the use of an
electronic digital computer. The schedwuling and monitoring of meny
thousands of iteme regnired in the Iunnar Expedition Progrem make
the use of this computer technigue fmperative. The FEP approfch
employs linesr programming techniques with a statistical concept
in conjunction with the electyonic computer. 'This procedure
facilitates the analysis of interrelationships of many thousands
of program elemenis. The results are presented as progrem swmmaries
upon which the Director can bese decisions. (See Fig. 6-3)

The first step in using the PEP management ool 1s to make n
detailed analysis of the overall Lunex Program. Each major event,
milestone, or accompllshment that must be achieved is listed in
chronological order. The events must be well defined and should
occur &t an instant of time vhich can be identified. A network,

— 7 Or & yrogram plan chart, is 1aid out In vhich the events sre shown
as pointe or cirecles vhose positions roughly represent their
. ... thronological order. Interrelstionshipe between ihe events (circles)

6.8  WDLAR-8-h58 -
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and seguence of events are shown by comnecting lines. The 1line
between the evenie Trepresents work that must be done to proceed
from cne event to the pext (See Figure 6-4). The computer then
totels all of the expected activily times slong every possible

(in the thousands) route of the network from start to the end event.
The PEP computer then examines the total times of the large number
of paths in order to find the longest vhich is called the critical
peth. The critical path defines the sequence of events which will
require the greeatest expected time to accomplish the end event.

The effects o1 o delsy for any particulsr milestone or event
an the entire program or on gny other event can be quickly and
efficiently determined so that corrective action can be teken if
reguired.

6.9 WOLAR~S-458
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7. MATERIEL SUPFORT
r— 7.0 INTRODUCTION

" It 1s intended that this program use two significant

. concepts that will result in better management of the materiel
support program. These are the Delsyed Procurement Concept and
the Responsive Production Concept. Under the Delayed Procurement
Concept, the ordering and delivery of high-cost insurance-type
gpares is deferred until the fin=l production run must be made,
allowing for the accumulation of maximum operatiomel experience
with the new item before a final spares order mist be placed.

Under the Responsive Production Concept, a portion of the

= requirement for high-cost operational speres is procured in
L B unfabricated, unassembled form. When the spares demand can be

o more reliably predicted, based on actusl usage experience,
additional complete spare items can be produced within a very
short lead-time period. VWhen experience fails ts jJuetify s
requirement for additional complete spares, the materiels and
parts involved can be utilized in end article production.
¢ The policy shall be to buy minimum quantities of high-value
epares and maintein close control cover their transportatiom,
( storage, lssusnce, and repalr until they finzlly wear out,
or sre no longer required. Simplificetion of procedures and
DA . relaxing of restrictions on low=value items will provide the
means (man-power, machine time, etc.) for more precise manegement
of high-value items.

7.1 SUFPLY

- Moximim utildisation will be mede of existing assets.
¥here prectical, equipment and parts will be reclaimed fram
completed test progrems, repeired, modified and overhauled to
sultable condition for use in later tests and operational
taske. The procedures &nd paperwork lnvolved wiith procurement
of spare parts muat be stresnmlined to permit meximum flexibility
in plapning and recponding to o contimally chenging configura-

I

&
5 g

tion. TImediate adfustment of Inventories snd reorder polfits
mst result from test program end engineering chenges.

. Selection of spare parts should be made at the time of initial
design to ensble procurement of spare and production parts .
concurrently to eliminate reorder costs resulting from separste

!

-
& .
b

' frocurements.
mn G ¥
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Determinstion of quantities, reparable-overhaul-modifice-
tion plamnning, control etec., shall be sccomplished and dfirected
by a permenently orgenized and active group composed of personnel
representing the engineering, production, materiel, reliability,
qQuality control, procurement and contrasct depertments, and the
verious affected sections within these deparfments such as
design, test, plaoners, ete., attending as required. The AFFR
will have & member aseigned to this group for surveillanece
purposee and to provide logistic guidance on problems which may
require advice from the Air Force.

Pereons sssigned to the group shall be well gualified by
reason of experience and technieal ability.

The procedures and paperwork involved shall be streamlined,
taking due cognizance of the powers and capabilities of the
above groul to permit meximm flexibility in planming arvd the
Quickest possible response to changes and emergency situations.

The group will pay particular attention to control of
hi-~value items and items critical to the needs of the expedition
and test program. Buch items, particularly those potentially
subject to imminent redesign, will be rigorously screensd to
gssure economical loventory snd the best possible repalr;
overhaul and medification planning at all times.

The group shall be responsible for the following:

8., Imediate adjustment of imventories and recorder
polnts resulting from changes to the delivery schedule, the
test progrem, and for engiteering changes.

b. Inventory review and adjustment of initially
esteblished stock levels and/or reorder points in 1ight of
latest experience gained from the test program every time
reorder or minimm stock levels are reached.

¢. Review of stock levels, and sdjustment exd/or
disposition of pon-moving items on a contimuing basis, but at
igtervals not to exceed sixty (60 )dnarsfora.n,rindividua.lhi-
tems, or gt other interwals

value items and 180 duys for other 4

147 |

a8 agreed upon by the Contractor and the Contracting Officer.
Mis 1o to include the return to production of guy surplus

qm%tiu fm‘,q:work to later design requizments

S o e *
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d. Control of repajr-overhaul-modifieation planning.
T.2 DISTRIBUTIOR

The Contrsctors shall develop intermal working procedures
which encompass the following reguirements:

a. Ioventory levels shall be programmed to vary
with enticipated utilization. Ghipments in edvance of estimated
requirements will not be made except when it is clearly in
the best interest of the program to do so.

b. Stock levels shall be minimized by maximmm
economical reliance on repair, overhaul, and modification of
reparsble items. Repair, overhaul, and modification turn-
around time will be a prime determinant in establishing the
minimm stock-level perlod for each item.

¢. Vhere feasible (with particulsr emphasis on
hi-velue and critical itemas), inventory cost will be minimized
by estockage of repair, overhaul and modifiecation bits, pieces
and components (relatively low-cost items) in eonjunction with
& pre-planned and flexible expedited repailr, overhaul, and
nodification program, as opposed to stocking sub-sssemblies
and end items themselves {the relatively high-cost items).

d. BStock levels will be determined on basis of
gverall program needs and will dbe independeni of the site
location of the stock. Maximum utilizetion will be mede of
aveilable contrected sir transportation to minimize "pipe-
line™ time.

7.3 STCRACE.

Parts whether required for the test or expedition programs
should not be segregated from production stock. This merely
edds an unnecessary stockage cost-burden. By combining storage
facilities with 2 co-mingling of stock; copsidersble cost
savings can be effected, Spares and production stock serve as
buffer stocks for each other. If mltiple activities such as

TMARTECTOTing, test, and the expedition are supplied from a
single storage feellity the chance of stockout would be

Thiv & i informati ﬂmdillgﬁlﬂﬂm|m‘lhlunmm*mhih ing uf the Exp woe Lawi, Tile
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minimized.
T .4 REAL PROPERTY INSTALLED EQUIPMENT (RPIE)

Each contractor 1s charged with the responsibility of
identifying, as well as determining the criteria for all
1tems required for successful mission sccomplishment. When
the requirements have been determined the responsibility for
accomplishing the required RPIE materiel support program will
be assigned. This materiel support will include the necessary
gelection of spars parts to be stored at the mamfacturing
facility or at the launch site.

T-5 MAINTENANCE

The propeotefl operationnl mode of the LUNEX program is
unique in that it retaine s1]1 the features of a research and
development program. In the time period designated as
"expedition”, it can be expected that in addition to a variety
of missions the systems will be modified and improved, the
launch faeilities and support equipment mey require modifica-
tion, and technical development may force program changes.
Since the expedition period ie actually = continuation of the
development and test program it is apparent that the systems -
apd techniques developed during {<siing msy also be contimied
for the Expedition.

An evalustion vill be made t0 determine the feasibility
of having contractors support the vrogram throughout its
entire life. However, in determining the totel tesk, considera-
tion must be given to the availadle Air Force manpower, equipment
and facilities that may be used to support the LUNEX prograim. -

7.6 MANUFACTURTNG FACILITY CRITERTA

The equipment production facilities will preferably
consist of en existing large aerospace plant convertible to
LUNEX production with a minimum modification program. It may
be necessary to find e facility that is adjacent to, or easily

- accessable to navigable waterwsys. The facility should obviously

be loecated in an ares containing an sbundance of egkilled manncwer.

- ¥amifacturing Test Facilities adjocent to the mamifacturing
facilities vould be very desirable to reduce transportation
problem. .
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Certain items, such ess the large ligquid and solid boosters
and propellant, will probebly be sssembled at the I'nnex Isunch
Complex and special facilities for memufacturing these items
will be required at the launch complex. Thus checkout and
acceptance test facilitles will also be reguired at the

PN launch complex.

eogpiedit : Many major mamfacturing items, such as the lune» Landing

I Stege end the Iumar Iaunch Stage, will be produced st the
mamifacturers' facility. This will require prorellant storage,
or a propellant mamfacturing capebility at the vlant, plue
various test and check out facilities to support mamfeeturing.

As an example, the followlng test facilities will be

retulred to support the marmfacturing of the Iunar Lending

Gumyd a. Configuration--For each of the two stages &

R Propulsion Test Vehicle Test Stand apd two Flight Acceptance

= Firing Stends will be reguired. In addition, cold flow test
facllities conristelng of one pad and three structural towers
wlll be required.

- Two separate test complexes will he peeded - one for
each of the two stages. There will be cnly one centrelly
loeated blockhouse with control and instrumentation cavebility
for operating both complexes. Esch hot firing stend would

i be located in accordance with a 2 psi explosion overpressure

e eriteris. An explosive force calculsted on eguivelent IHp

- calorie content to TRT, shows that the hot stends should be

T no closer than 2000' to any other hot or cold stand.

b. Test Pad Configuration and arrangement - - Fach
+ hot test pad will consist of a concrete vad containing the
lpuncher structure. The stage 16 erected by a mobile commercial
type crane, and personnel access for maintensnce iz by work
' stand and lsdders, or a cherry picker. No service tower will
—_— « be required.

- ) :_z-. t[hrust Ievel Measuremen - - '.{hrust levels will

vanca ; the result to the engine mamracturer 8 calibra:l;ion curve,
Tanking level 1is detem:med by the Prooellant Utilization
System. )
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d. Altitude Simulation Unit ~ - A plenum chamber,
eontaining sisam jetsn up stresm of 1ts evheust hell, shall be
attached to esch engine for altitude simlation. ~

e. Flame Deflector ~ - The -design is & conventional
configuration elvow sheped shield cooled with a firex water

injection systen.

f. Propellsnt Storage and Bandling EQuipment - - A
central I0» storege and transfer facility shall be provided for
each of the two test facilities. The Iunar Tanding Stage
facility shall store 350,000 1beg. of 1O». Spherieal, vacuum
insulated dewzrs shall be used. The transfer unit shall bde a
motor opersted centrifugal puwmp with 500 gpm and 100 psi
diecharge head capacity. The Iunar Isunch Stage Test Facility
mihsw shall contain 18,000 gallons in spherical dewars
vith & transfer pump capebility of 200 gpm and 100 psl discharge
head. Distribution lines for both cmplexeﬂ would be prefa.hr:l.-
cated, static vacuum; insulated steel pipe.

An IH> storage send transfer facility will be provided
at each hot Tiring test stand and the cold flow test ped. The
transfer system 1s an IHs gns generator system with air being
the thermal source. Pressuring lavel in each tank would de 100
p8i. The 1H, storage capecity requirement for each Lunar Leunch

Stage facility is 15,000 1bs. snd at emch landing Stege Site is

35,000 1bs. Again the storage facilities would be spherical
dewars with segmented, prefabricated, static vacuum insulated

" stainless steel pipe distribution lines.
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" CONHBE

fi. ' CIVIL ENGINEERING
8.0 INTRODUCTION _ A

As part of the Iunsr Transport Vehicle study, consideration
was glven to the fzcilities required for the launch and support
of the Space Ieunching System and the Iumar Peyloeds. It was
aspgumed that the mamifacture of all boosters and the payloed
would be accomplighed at existing factories. Facilities and
equimment required for the mamifacture of large bocsters may
be resdily installed at factories having clearance sufficient
to bandle the booster. Iarge boosters such as required for
thls program must necessarily be transported over long distapnces
by specially constructed barges. By aclecting mamifacturing
facilities and lsunch sites adjacent to navigable waters,

a minimm of overland transpart would be required. A signifi-
eant savings may be effected by providing launch capabllities
at selective areas vhere existing support facilities, personnel
housing, and assured tracking capebilities are available.

The logisiie support for the lounch rates indicated in
this plan dictates that new propellant mamifacturing facilities
be constructed at the launeh site and that transport barges and
other vehicles be avallable to transport vehicle ccmponents
fram the marmufacturing plants.

A modifiel Integrated Troncfer Inunch Systeu 1e envisioned
for the Lunar Transport Launch System. The size and velght of
the Space Leunching Vehicle, designated the BC2T720, precludes
the transfer of the entire Lunsr Transport Vehicle after
assembly, but the Integrated transfer of upper stages and lower
stages separately with a minimum mating and checkout on the :
launch pzd mey provide increazed reliability and appreclable
cost saving, '

In order to achieve the highest lsunch pad utilization
possible end to meke maximm use of specialized caplital
equipment and highly skilled menpower, the application of
operations research technology will be reguired. To handle the
test loed and the complexr seguencing requirements presented
by the three-stage Space Launching Vehicle plus the Iunar
Payload, = computer controlled, integrated launch sequencing
end checkout system will be needed. It 1s desiresble to
aeconplish the maximum amount of systems testing in a protected
envircoment prior to locating the vehicle on the launch pad,
end to use the lenrich pad, in so far as 18 possible, for its
prime purpose, that of preflight serviecing and lsunching the
vehicle.
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8.1 LUNAR LAUNCE COMPLEX

The Iunar Transport Vehicle System haz 2 requirement for
Jaunch and support fecilitles suitsble for memmed lupar flight
of & vehicle using a BC 2720 Space Ievnching System, TInvesti-
gation of the launch pad requirements for a lsunck rate of two
per month indicates that from & to 6 launch psds would be
necessary depending op the launch site location and the means
avallable for handling the booster. There are no existing
launch pads capeble of haundling thils vehicle, nor are there, at
this time, facilitles capable of conducting static testing of
the "C" boosier and the lsunch of the complete Iunar Transport
Vehicle. It is possible that by combining the capabilities
for both steatie firing and lsunch in two of the pads required,
a significant cost saving may be gained and an accelerated
test program may be effected, This would provide a capability
for the launch of the “C" booster with or without so0lid boost
during BAD rlight test and for early test missions of the
Lurex Re-entry Vehicle. The developuent and flight test of
the "B" booster is planned at AMR during the development program.

It was assumed in the Iunar Transport Vehicle study that
ihe mamifacture of all bBoosters and the peyload woald be
accomplished at existing factories. New and added facilities
and equipment such ag large forming brekes, special welding
Jigs, fixtures and machines, and lerge processing facilities
would de required. In plants of sufficient size these
facilities and equipment could reau_-y be installed. Further
investigetion compering the relstive economics of manufacture
at the lasunch site versus menufacture st existing facilities is
required to insure sn economiecal choice.

Assemblies having a diameter exceeding 12 feet or
wvelghing over 200,000 pounds cannot be transported over
United States rallways. A load of 78,000 pounds is considersd
to be the limit over selected highwey routes. In as mch as
both the "B" and "C" boosters of the Space Taunch Systems have
dismeters in excess of 14 feet, transport from mamfacturing
Plant to the launch site must be by barge. The large quanti-
tles of boosters and the special enviromental protection
required suggest that speclslly designed barges be constructed
to transport these assemblies. Harbors and docking faciliticas
vourld be regquired near the memfacturing fecility and at the
leunch site.

By locating the lsunch facilities at or near Cape Cana-
veral for an easterly launch signifiesnt savings may be
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effected. The use of exlsting administrative capabilities,
personnel housing, assured tracking faeilities, and technical
support sreas will provide a saving in costs and in leadiime
regquired for construction of support facilitles. Similar
gains may be made by locating launch facilities at Point
Arguello for poler leunch. This does not mean that Cape
Canaversl and Polnt Arguello are the only reasomable locations
for the lsunch gite. In fact, by extending the Atlantie
Missile Range In & westerly directionr across the Gulf of
Mexico it 1s concelvable that a launch site in the vicinity
of the Corpus Christl Naval Air Complex would provide the
full use of AMR Range facllities with minimum overfly of

. foreign lamd masses. Likewlse, extension of the AMR Range

in a rortherly direction to the coast of South Carolina
would provide a pimilar accomodation.

8.2 IOGISTICS

The logistic support for the lsunch rates indicated in
this atudy dictstes that pew propellant mamufsacturing plants
be constructed at the lsunch site. FExisting propellant
marufacturing plants are inadequate and the leunch rates
mentioned would use the full capacity of a separate propellant
mamufacturing facility.

a. Propellant use rates for a 2 per month launch
rate are estimated as follows:

(1) 1iquid Hydrogen memufacture 5S¢ tons per day.
{2} Liquid Hydrogen storage

€ lzunch ped 1.5x106 pounds.
(3) Iiquid Oxygen/Nitrogen

Manufecture 120 tons per day.
(4) Iiquid Oxygen storage

€ launch pad L x 106 pounds.

Barges will be regquired for transport of boosters
from the mamifacturing plant to the launch complex.

. 8.3 AEROSPACE GROUND EFVIRONMENT

A modified Integrated-Transfer-Iaunch System is envisioned
for the Innar Transport Launch System. This approach would
allow the complete integration and checkout of the "B" booster
together with the Iunar Transport Payload in a protected

8.7
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envirompent simultanecusly with the assembly and checkout of the
C2720 booster combination at the launch ped. The pglze and
weight of the BC2T20 Space Iaunching Vehicle precludes the
transfer of the canmpletely assembled Iunsr Transport Vehicle
from en integration tuilding to the launch ped. It is feasible,
however, to mate and integrate the "B" booster with the Iunar
Trensport Payload iposide the protected enmvirons of an integration
bullding and when completed transfer the "B" booster and payload
agsembly to the lsunch pad for mating with the 02720 assembly.
{See Figures 8-1 and 8-2). This can best be accomplished by

a cliffside location or extending e remp from the integretion
tuilding to an elevation at the launch pad approximately egual
to the height of the C2720 stage. The mssembly and checkout

of the "{2720" vehicle may be sccompliched in two weys

depending on the specific location of the launch ped and its
accessibility to0 navigsble waters. For a launch pad having

no direct access Lo nevigable vaters, the essembly snd mating

of the solid segmented motors to the "C" booster would be
aceopplished at the Isunch pad. The extended time neceszary

to sccomplish this sssenbly and checkout aceounts for the
difference in the numbers of pads required. It is estimsted
that 6 lsunch pads would be needed for this plan. For a

lgunch ped heving direct access to navigeble waters,. the
apgenbly and matlng of the solid segmented motors to the "C"
booster could be accomplished at an interim integration
building locaied some distance away from the lsunch pad. After
assembly and checkout, the "C2720" combination would be trans-
ported by & barge to the launch pad and mated to the "B" booster
and paylond asscwbly. By using this approach it is estimated
that 4 launch pads would be adequzte for the 2 per month

launch rate. Final confidence checks &nd integration of the
booster and facility interface would be accanplished at the
lsunch pad.

Tre THT equivelent of vehicle propellants was estimated
in the following manner. The TNT equivalent of the liguid
propellants was taken at 60% of the total LOX/[Hp load for
all steges. This is the figure currenily used at AMR for TNT
ecuivalence for IOX/1n. In this case, because of -the great
quantities of propellant ilnvolved, this degree of mixing is
untikely and the 60% figure would be conservative. Solid
propellants are taken at 100% of the propellunt weight. It
is also considered that detonation of the solid propellsnts
mzy cause the subseguent detomation of liguid propellsnts and
vice verss; but, the similtareous detonation of all propellants

L
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is not 1likely to oceur. 'This phlloscphy resclves to consideration
of TNT equivalents of liquid propellants end solid propellants
separately and they are not additive. The TNT equivalent of
one of the four segmented 8olid sssemblies is 680,000 pounds.
The 60% TNT equivalent of the total liquid propellant
loed is mpproximately 1,300,000 pounds. Using the highest
— TNT equivalent (1,300,000 pounds) the inhabited building
T distance must be approximetely 23 mileg from the launch pad and
. ninimmn pad separstion mist be approximately 1 mile. For an
inhablted adjecent to & launch operation, pad separation
would be mileg. Ti is obvicus that the resl eatate problem
will be extensive. For = comstal locstion of "¢" launch pads
up to 18 miles of contimious comst line would be required for a
distance of 3 miles inland. ‘Mese distances can be decreased by
creating a buffer between the pads. Locatling the lsunch pads
in ravines or indentations in cliff side lesunch locations might
T substantially reduce the land areas required. The selective

S location end orientation of the integration bailding and other
i suppert facilities to take best sdvantage of topography would
EES do much to decrease distances and reduce costs. .

The repeanted launching of similar peyloeds in the TLanar
( Transport launching System god the extended time between launches
from each ped indicates that a central launch control for all
. veds might te desirsble. To avold anslog signal line driving
' ;problems and to allov grester distances than normsl between the
pads and the common blockhouse it is possible to use digital
contrel for launch pad checkout and launch. Analog to digital
r—— conversion would essentially be sccomplished at each lannch
pad and transmitted to the blockhouse via digital data link.
) With vertica) mating, asgenbly and detailed checkout in the
vertical asgembly integration buildinge, only gross, survey type
i testing or a simlated countdown and lesunch would be performed
at the lsunch pad, since test and vehicle subsystem sequencing
systems could be installed in both areas. FPresenb day checkout
methods, because of the many manual controls and long-time spans
Anvolved would not provide sufficient assurance of the high
rellability of the complex integrated systems expected in the
— Lunar Transport Vehicle.
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9. PERSONNEL AND TRAINING
9.0 INTRODUCTIOR . SR

~ 'This section of the Lunar Expedition Program Plan {Tunex)
includes estimated personnel regquirements to support the program
and presents the training required to sccamplish the end objective.

The personnel réequiremente were derived on the basis of the
scope of the cumplete program and the personnel would be comprised
of civilian and military personnel- .

e training program waes prepared by the Air Training
Comand and besed on the Lunar Expedition Program FPlan.

9.1 PERSORNEL

The accomplisiment of the lamar Expedition Program will have
a maxpower impact om the Air Force that is quite different than
previois programs. The number of personnel actuslly on the
expedition will be relatively smell compared to the mimber of
personnel required to support the cperstlon. The aciuzl coptractor
"in-plant" perscnnel required to eccomplish this program are not
incinded in the following figures. However, a generzl estimate of
the total contractors' effort, based on the aversge estimated
annual expepditure for the complete Iunex program, would be the
equivalent of one of our larger mamfacturing companies with 60 to
TO thousand personnel. It should also be stated that this effort
would undoubtedl - be spread throughout the industry snd not
concentrated in one conpany and the previous statement is only for

cotparison. .

r The military and civilian personnel required to support the
: Iunex progrem is estimated as follows:
S Space Personnel ll&S‘
Lunar Expedition s
(2L men at expedition facility, crew
rates of 5 _
_ Ground Personpel 3677
o Iaunch Squadron 8713
i Imstrumentation Squadron 293
' Assembly & Maintenance Sguadron 860
Supply Squadron 562
Base Support Units 639
Adwinistration - 350
. 9.5 _
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R =
Overhead 1287
Range Tracking . 9O
Loglistic Support Organization 347
Grand Total Personnel

§e

9.2 TRAINING PROGHAM

The remeining portion of this section of the Lunsr Expedi-
tion Progrsm Plan {Iunex) presents the Praining Program. It is
baesed on the limited data and information aveilable at the time
of preperation. The knowledge gained from the state-of-the art
development of this program will of necessity have to be applied
directly 1o the training areas to lnsure "concurrency” of the
rrograms training development. Further, the training knowledge
end experience scquired fram current research and development
programs must be studied for epplication to this program.

The concepts and plans projected in this part of the PSPP
will be subject to constant revision and/or updeting. Use of
various simulatore and synthetic training devices must be a part
of the training program. Iderntification of the reguired -
treining equipment and real property facilities to house them
must be eccamplished early in the program development to insure
training equipment and facilitles being svellable to meet the
training need dates.

The unique mission of the Tunex program regquires a compre-
hensive and timely scurce of persommel equirment damta (PED).
This information is required for space crew =znd support positions
required to operate and meintain the spzce vehicles and support
equiyment. DPevelopment of such data must be initiated as port
of the design effort to reduce the time element for follow-on
personnel gub-system requirements. -

No effort is made in this section to specify requirements
for the Space lLaunching System since they are delinented in the
Space Leunching System Packsge Program.

- A

Thiz section of the Proposed System Pnckage Progrem was .
developed under the premise that Air ™reining Commend would be
ageigned the individuel merozpace crew and technical treining
responsibili for this program. Therefore, ATC must develop
their” ¢capabfi1tyt goncurrent with hardware development through
the englneering design phases to support the expedltion.

' 0.6 - WDLAR=S-458
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8. Scope:

This section is conceptusl in pature at thies time and
enbodies the basie for the treining to be eccompliched in support
of the Innar Expedition Program. It includes guldance for
individual, field, unit and crew training.

b. Definitiops:

(1) Aerospace Crew Personnel:

- Persomnel performing crew duty in the Iunaer
Transport Vehicle.

(2) Cadre Personnel:

Those personnel necessary for logistie plamning,
AFR 80-14 Testing Programs, and ATC instruction and preparstion
of training materials. The requirements for participation in the
testing progrens will include test instruments for category
testing in accordzuce with paragraph 5 a (1) amd (2), AFR 80-1k,
znd Job Training Standerds for the Integrated Systems Testing
Program in accordance with paragraph 8 g {3), AFR 80-1k.

(3) Mein Complement Personnel:

Persoonnel employed in the recelpt, check-out,
instellation, repair, mointenance and operation of the system.

{4) Support Personnel:

Alr Force Loglstic Command personnel required for
support functions as well as other agencies® -superviaora and

_plammrs ‘

(5) Types of Training:
(a) Type I (Contract Special Training). Special

trzining courses conducted by contractars 2t an ATC instellation,
contractor facility or any other designated site.

(b) Type II (A'IC Specia.l Trainins) Special

at an A'E 1ns‘ha]_1ation, con‘bractor facilitw, or any othar
designated site.

(¢) Type ITI. Coreer training. W"

9.7 . NDLAR-S-458
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. &tac.tment instructors at the site of the organization
req,u:l.r:l.ng the training.

Special training provided by A.'m

(6) Testing Programs:

. {a) Component - the testing of the couponents of
B sub-gystem, such as the guldance package, or ecologieal

— package.

(b) Subsystem - components assembled into a2 sub-
system g8 the Re-Entry Vehicle Subsystem and tested as s unit,

(c) Integrated System ~ the Re-Entry Vehicle,
Lunar Ieunching Stege and Iupar Ianding Stage assembled together
and tested as a whole system. ]

(1) The man-rated Iuner Transport Vehicle will be
available for use by the Iuner Expedition 1n 1968.

- (2) ATC persommel will gbeerve, participate and study
the training programs developed for current research amd
development programs conducted under other govermment agencies
and/or contractors. .

. (3) AFR 80-1}4 will be used av a guide for accamplish-

ins the program testing.

(k) The terminclogy for normal levels of maintenance,
- i.e., orgenizatiomal, field, depot, and shop, vehicle assembly
and maintenance a8 specified in AFIC {AMC) letter MM, dated
L 25 July 1960, subject: Standard Maintenance Terms end Mainten-
—— ance Facility Nomenclature for Missile Weapon Systems will
apply.

. (5) The Air Force Meintenance policy of meximum
meintenance at the lowest feasible level will prevall.

{(6) Due to the time phasing of the \m:l.'hsysﬁm, special

- considerstion mist be given to the training facilities require-
il nents funding for the Re-Entry Vehicle technical training
ey Progxamg:

{7) Testing Dates:

o owmnn . asies KB Start of Component Testing Dates are:

2 Re-Entry Vehicle - June 1963.

2. Iamar Leunch Stage 3hruary 1965.
9.,8_\ Cm m,_s!_hsa
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3. Luner Ianding Stege - Mny 1965.
() Start of Subsystem Testing Dotes Are:
e-Entry Vehicle - November 1964.

I

2. Iunar Iaunch Stege ~ May 1966.
3. Iunsr landing Stage - July 1966.
d. Peculisr Requirements and/or Limitstions:

(1) The unigue mission of this progrem mokes it munds-
tory that the following sctions be accomplished concurrent with
the development of the herdwere:

{2) The contractors will develop the Fersonnel-
Equipment Deta information concurrent with the design of the
hardware. This inpformetion mist be mvailsble to A7C personnel

for early planning purposes.

{b) Type I training dates reflecied in the time
phasing chart will require the use of R&D and test equipment as
truining equipment.

(¢} Production schedules for R&D =nd Expedition
equipment will include the treining equipment reguired to support
Type IT end Type III training. Allocstion 2nd delivery pricrities
will be in sccordance with AFR 67-8.

(2) An identificntion of personnel necessary to support
this system has been made in order to assist in deﬁning the
training paraneters. Changes to these estimates will be mede as
mGre conclusive information becomes available. See Charts IX

A snd B.

(3) Maximim Cross-Training will be provided es required
to all persomnel associated with this program.

() ‘Me reguirement for follow-on training and the
value of past experience 1s recognized and meximum retention of
personnel ia mendatory.

(5) New end peculisr treining problems are envisioned

(6) -The training of the serospace crew personpel will
require the development of g program which is unique to the Air
Force.

99
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e. Qualitative and Quantitstive Personnel Requirements
Tnformation

(1) A QQFRI prepared in accordance with Mil Spec
262394 will be required to develop the training courses, course
material and substentietion for the Personnel Classification
chenges.

(2) ATC and other epplicable commands will furnish
:personnel for the QQFRI integration team end provide techpical
guldance to the contractor during preparation.

9.4 TRAINING

a. Training Responsibiiities and Concepts:

(1) Engineering Design Effort

(a) ATC will perticipate in the engineering
design effort to insure thet technical data is collated with

, the personnel gub-system for follow-on training program require-

ments.

(b) ATC will be responsible for training required
in pupport of the R&D effort under AFR 50=5.

(¢) Selection of the initial mercspace crev
rersomnel snd AT -crospace crew traiming instroctors for the
Iunar Transport Vehicle will commence 8 monthe prior to the
gtart of Category I Testing.

(d) A1l Iupar Transport Vehicle crews and
nilitary space launching support personnel will be phased into
speclal treining (Type I), 6 months prior to Category I Testing.

(e) Envirommentzl space training for the selected
crevs and lnsiructor personnel will start 9 months prior to the
start of Category II testing snd will be conducted by the Aerospace
Medical Center, Brocks AFB, Texas.

{(f) ATC Lunar Pransport Vehicle crews will be
phased out of training 30 days prior to the reguirement for
Type II ar III serospace crew training to provide Tollow-on
training capability in this erea.

i

(2) FLight Testing & Expedition Program:

_ (a) ATC vill be responsible for all individusl
training, 1.e., technical, serospace crew, AGE and sdditicpel job
tasks as required. .
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{b) All requirements for Type I Special ’ﬁ'a'.".nina,,

AFH 50-9, in support of this effort will be contracted for by AIC.

(¢) AIC will mgintain lisison with the contractor

concerning engineering changes in the program during its develop-
ment to keep training information in consonance with the program
sub-program configurations snd other concepts having a direct

implication to training.
(a) Flight Testing & Expedition Crew proficiency

will be the responsibility of the Iunex Program Director unless
ATC is requested to furnish this training.

9.5 TRAINING PERSONNEL
a. Field Training Detachment (FFD)

The munber of perscinel reguired to provide training
for lunar vehicle persomnel will be determined during the
treining programuing conference. QQFRI, TFR's, Personnel Flan,
Operstional Flan and Maintepance Flan will be aveilable at this
tine.

b. Contractor Technical Service Personnel (AFR 66-18)

Contxractor technical service personnel mey be initially
required to sugment Field Training Detachment (FTD) personnel.
CTSP requirements in support of this progrem wili be phased out
as blue suit capability is achieved.

¢. Treiped Fersomnel Requirements (TFR)

TPR will be developed by commends concerned upon
epproval of QQFRI, and will be tabulatled at gross require-
ments by comend, by AFSC and by fiscal quarter. These require-
mente will be phased on enticipated need dstes for persomnel to
be in place at the testing sites, launch sites, and maintenance
erees, and will be furnished Hq ATC in sufficient time to allow
proper plamning for required training.

9.6 TRAINING EQUIFMENT PACKAGE
a. QGeneral:

e e

Training equipment requirements will be developed to
suppart:

(1) Check-out and ground maintenance to be performed
by the direct support personnel for the Lunar Transport Vehicle.

BERE VDLAR-5-458




; (2) Flight test operations and maintenance to be
performed by the responsible crews. In consideration of this,
present and peer future systems experience gained in the aero-
space area will be epplied to the Iunex program to sssist in the
identification of training equipment. The training for this
Program must be conducted in the most realistic enviromnent
practieable.

(3) Post mission maintenance and test equipment.
b. Equipment Selection:

Selection of training equipment will be based om the
following general rules:

(1) Maximm utilization will be made of training
equipment programmed for other missile and space system train-
ing programs.

(2) During the initisl phases, eguipment programmed

) for test, development, and the expedition progrems will be

uged to the maximum extent practicable when regular training
periods can positively be scheduled in the use of that equipment.
The lack of avallability of such equipment will result in
degradation of training.

(3) Equipment selection will be made in considera-
tion of future and/or subsequent programs to provide maximum
training capability in =similar systems with minimmm cost:

(%) Maximm use and development of training films,
training graphics, and synthetic training aids and devices will
be made to reduce requirements for eritieal operational items
during the initial phases of the progrem.

{5) Training equipment will bé identified in suffi-

clent time to enmble procurement and delivery in advance of
equipment. for use in the flight test and expedition program.

¢, Plamning Factors:

Planning factors for determination of Training Equipe
ment Requirements:

g ot — Shat LT O

vresently availgble, definitive planning factors upon which
over-zll equipment requirements mey be based cannct be provided.
However, for preliminary planning, the following factors mey

te applied to subsystems of the program to determine order of




negnitude. Provided Control Centers used for other space vehicles
will be gpplicable to the lunar Transport Vehicle, category *I,
##TT, and W*YTIT iraining equipment requirements as specified in
USAF letter deted 30 Jenusry 1061, subject: Weapon System
Training Egquipment Support Policy will be as follows:

— MzJor Vehicle Sections Per cent of Sub-System Cost
AR Required for Treining Itens )
gate (2) Re-entry Vehicle 250%
1. Complete R/V ~ 1 ea
2. Bub-systems of R/V ~ 1 en
3. Mnjor components of esch
e sub-system for Eench Ttems - 1 ea
.;-":": A {b) Iunar launch Stege 150%
T 1. BSub-systems of Ieunch
( Stoge = 1 ea
' 2. 50% of MeJjor Components
. N for Bench Ttems
=T 4 ol
{c) Iumar Iending Stege 100%
. Major Comronents - 1 ea
| (d) Corgo Packege 100%
s Camplete Cergo Package i
(e) Aerotpace Ground Equipment ‘ 200%
1. Complete set for handling
and testing vehicle sections
S and included equipment
£ 2. Complete set es bench items
e for meintenance training
AL * et I Trainers
(W

#% Cat IT Parts/Components/End Ttems
%% Cat IIT Training Alds/sccessories
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{2)" Treining films and trensparencies requirements
will be developed as soon es possible.

(3) Spere parts support will be required for all
Category I end IT training equivment.

S (k) A contimuing requirement will exist for the

e modification of training eguipment. These modificetions should
o be provided by review end processing of treining ecuipment

ta change proposals concurrent with orerstioncl egquipment chenge

- proposals.

(5) Funding of P-400 money will be omitted in
consonance with AFR 375-%, Pare 12.

9.7 FACILITIES

Sk a. Genersl:
i The needs for tr-ining freilities ehould be eet blished
i avproximetely three yeers rrior to the detes zt vhich Ty-e 1T
training equipment will be required. Fezellities must incor-
porate sufficient flexibility to accommodate future upd=ting of (

tralning equlmment resulting from progrom configur:ztion chenges.

. d b. Nerospace Crew Troining Focilities: il

(1) Initiel treining for serosvece crew personnel
will .require the use of existing space troining fecilities.
Joint-use sgreements between NASA ahd other USAF egencies end
the Alr Training Commsnd will be required to insure m=ximum
EER utilizetion of these fzcilities. Aerospace Mediesl Center's
frommee fectlities (Brooks AFE, Texas) .will be utilized to the fullest.

Inter-service agreements with the Navy for use of specific
training device facilities should be considered for crew
training.

(2) The estsblishment of = centralized epace treining
facility would heve a direct beering on the over-all specific

- requirements for this tyoe of tralning. The results of the
= System Study Directive {8sb) Nr 7990-17610 titled “Central-
L ized Space Trainin 2 v
o posture of the tre.ining facilities of the mture. For this
Teason, racﬂitmﬂuiranents for follow-on trelning are not
“‘projected.. "
9.14 WDLAR-S-458
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c, QOther Training Facillities:

It ie snticipated that Technicnl Training Centers now
in’exietence cen absorb the additionsl techmical training load
out increasing the facilities. However, modificatlon of

sting facilities to provide training laboratories with
¢cinlized power and envirommental systems willl be necessary.

s requirement must be identified in sufficlient time o permit
feility programming throogh normal procurement cycles.

9.}3 BUDGET AND FINARCE

2. Treining Equipment Costs

Funding will be required for training equipment identi-
fied in Section 9.6, Training Equipment Package.

b. Training Facilities Costs

Funding and costs of treining facilities will be

. detérmined once the decision is made whether to build s Central-

ized Spece Treining Facility or to contimue with decentrallized
procedures. Funding can then be determined for the required
feeilities and modificetions.

9.15 WDLAR-8-U458
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* Proposed

** Numbers zre estim~tes for
T™wpe I Troinirvig Crdre

Mz lor Segmerit
of Bystem

Y Tt

#  Vehicle Crew

WAL, e ‘e

Vehicle Support

Codre

FOR IUNAR TRANSPORT VERICLE FPROGRAM

Requirement AFSC

1 {AFSC)

1 (rme)

1 {arse)

1 {ato)
1 (arsC)

1 (arc)

*#%2 (AFSC)

1 {arc)

13X

13%K
15K

IS

30%%

30551/
Ti

. N £

} N : L i 1‘3

H o i
T 'r‘_'\‘ ot

CHART IX - A
PROJECTED MLNKING AFSC'e

e

AFM 35.1 Ttle

PART A

#ierogpace Flight Test
Mlot

vehicle
data
regine
Aerospece Pilot Inatruc
#jerospace Performance Deputy
Engineer & Novigstor navigs

*ierospoce Communications Mainta
Electronies & Computer cations
Bpecialist. Agsists

PART B
Electronic Digital Dute Operntes
Frocessing Repairman/ conputer

Maintenance Technician

' :Hlf‘
¥

Sb&utam Amsoeiation

Comuandeyr, fllen

- electronle, commini-

Ain. vehicle maiotenance,

and maintaipe alrborne

end associated eguipment.



Aeroape.ce

Major Segment

of Bystem

Vehicle Support

{Continued)

Cadre

. L%
Y.

Requirement AFSC

2 (AFSC)

1 (arc)
2 {aFsc)

2 (AFSC)

1 {aTc)

2 (AFSC)

1 {ATC)

1 (AFSC)

1 (arse)

1 (AFSC)

29373

ans0/
70

W51/
T

30151/

30150/

30053/
3

L6250/
TO

AFM 35=1 Title

Airbor-e Radio and
Elect: .Jic Counter-
mezsure Operalor
Technlcelan

Inatyument Repailrmen/
Technicien

Mechnnicnl hccessories
and Equipment Repnir-
man/Technicien

Elrereft Electronie
Nevigntlion Equipment
Repsirmsn/¥alntencnce.
Technicinn

Airersft Radio Repair-
man/Mo intenance Tech,

Xreraft Electronic
Countermessures/
Mrintensnce Technicisn

Weapons Mechnnic/
Maintensnce Supervisor

9.17
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System pssceletiion

(perates and Repairs -:;a.d_io

end redio Elint

equipment.

e - v - -

Vehicle In:tnnLnts'.

Mointensnce of mechonicel

necesporles.

Mointein electr
equirment.

pnic navigation

SHF, UHF datz 1ink equipment.

Repair Alrborne
Elint equipmert

Electronic

Cepsule ejectioh system and

loading
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Ife.vigf.tlon

T Mejor Segnent
______ of Syetem
Vehicle Suppors
(Contirued

'.','.‘,a?

——

Requirement AFSC

1 {AFsc) 56850/
70

1 (ATC)

2 (aFsc) 53450/
70

1 (ATC)

2 (aFsc) k2r52/
T2

1 {A1C)

2 (AFsC) L2353/
3%

2 (AFSC) 31150/
70

1 (ame)

2 (AFsC) 31250°
T0

1 (ATC)

2 (aFsc) 00370

AP 35-1 Title

Liguid Fuel Systems
Mzintensnce Specinlist/
Technlclen

Afrfreme Reprirman/
Technicien

Arereft end Migglle
Poeudrenlic Repsir-
men/Technicisn

Flight Control/Auto
Pllot Systems Reselire
man/Technicinn

Guidence Systems
Mechanic /Techinician

Control Systems Mechenie!
Techniclrn

Zbort System Vehicle
Technleirn

Ol []

o

pilct eyatem,

QL

System Assoclstion

Liguid Air System snd fuel
. Syetems.

Alrfreme including nl

Repeirs Hydrsulic en)
Systems.

Checks out apd repei

Meinteins end repeirp

guidence systema/i
detections end apsoc
equlioment.,

control sydstems.

Mainteins snd repsir
=bort system.

L

pAs cone.,

3 Pneumatic

vehicles

ULAR-5-458
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Major Segment Cadre |
of Systenm Requirement AFSC AFM 35=1 ‘I‘i’bmv;w Hystem Assoclation
Vehicle : 2 {ArsC) 43351/ Missile Engine Propulsion eysten|=nd retro
(Contimed i 2! Mechenic/Technician rockets. . :
1 {a7c) _
T 2 (APsC) 42350/  Adrereft end Missile Electrical Systen
70 Electrical Repsirmen/
Techrdcion
1 (AFSC) 56650/ Refrigeretion Specialist/
. TO Supervisor
1 (arsc) 30152/ Aircreft Early Warning
12 Reder Mpintensnce Repaire
1 (A1C) men/Technicisn
2 (AFsC) 27250/ Adr Traffic Contraol
T Operator/Technicinn
1 {awsc) 30551/ Electronic Digitel Deta
T Processing Repoirman
Operstor/Technician
1 {amo)
Additiopal Specialist 62271  Diet Bupervisor sﬁpervisea dietetics.
90150/ Aeromedical Specislist/ Bub-professional ‘Iiaska for
O Technlician physical exams and treatment,
58250/ Fabric, Leather and '
T - Rubber Products Repair=
man/Repair Supervisor
92850/ Personal Equipment Lot e,
70 Specislist/Supervisor
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CHART IX = B

IUNEX/SPACE LAUNCHING SYSTEM

| %
)

Launching System {SLB} study. It can, however, be eptimated thei the launch

personnel utilized in both the liguid/solid propellant type boosters will be

2 team for support of this systen.

2-

will be made for the lamunch vehicle snd surport AFS('s a8 2 part of this p

—tm. - -

The estimates for the launch systen ere not ineluded in view of the statug of the Spece

At such time as the 5.L.5. 1s designated ms the primary launch support sItem,'. a FSPP

-
> L
complex
dntegrated into
’.’nm‘ . ' i
. »
I
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PROGRAM SCHIDINE

RE-ENTRY VEHICLE

Chart IX-C

‘JATG Input to PSPP

2S0R or ADO Published

$SPO Esgtabliehed

§ATC SPO Rep Appointed

s Prime Training Center Selected

_#S5SP Prepared, Finalized

lected

| PSS Data Contracted

¢ PED Effort Starte

W Training Facilities Requirements

HQQPRI Effort Starts {Components)

R TEPI Effort Staxte {Cornponents)

B Test Directive Coordinated

}4 QOPRI Integration Team (Component)

I eview _(Compommt)

| Dxaﬁ IEB 1 Bgcmxgd IQ. ;gpment l ..

] Test Plan Prepared

3 Training Parts Pre-provisioning

Reguirements

1. Tzaining Parte Provisioning
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LUNAR LANDING STAGE

Chart IX-D

I_ATG Input to PSPP

‘9 S5OR or ADO Published

3 SPO Established

4 SPO Rep Appointed

§ Prime Training Center Selected
-4 SPP Frepared, Finalized

7 Contractor Selected

PSS Data Contracted

¢ PED Effort Starts

QQFRI Effort Starts (Components)}

J"‘h‘

1| TEPI Effort Starts {Components)

Test Directive Goordinated

'

PRI Integration Team [(Lomponents}

M_QQPRI Review (Components)

18 Crew Selection

14 Draft DOPRI Received (Components)

1? Draft TEP] Received {Components)
_Teat Plan Prepared

R_Training Parts Pre-Provisionin

B Frelim QQPRI Approved {Components)

__Training Program Requirements

g3 Training Program Conference

N Training Parts Provisioning

8 Mock-Up and DE]

% Tech Specl Tng (50-9) Component Test

g Test of Components

A “raining Facilities Reguirements

8 Subsystem QQPRI Integrated
3 Subsystem TEPI Integrated
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#_Subsystem Testing Begins

1t Eval of Tng Starts
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Chart IX-E| LUNAR LAUNCH STAGE AND

CY ¢1

CARGO PAYLOAD PACKAGE
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SECTION X

INTETLIGENCE ESTIMATE

LUNAR EXFEDITION (U)
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10. INEEILICE ESTIMATES

10.0° IN'.IRCDWTION

The purpose of this section of the program plan is to
estimete the forelign threat in terms of technical capabilities
and probable programs vhich may affect the establishment of a
lunar expedition. The threat will be defined in terms of wajor
performance capability and dates of operational availability.

10.1 FOREW(RD

The following data was obtained from DCS/Intelligence,
Hq ARDC and published Intelligence estimates.

10.2 PERFORMANCE CAPABILITY

The Soviets have flown geopbysical anﬁ component ‘equipnent
payloaeds on their vertieal rockets for the development, modifi-
cation, and dcceptance testing of instrumentation for use on.
their satellite and lunar aireraft. They developed and used
complex scientifie instrumentation on Sputnlk III, end stabili~
zation, orientation and comtrol equimment on ILunik TIT and Sputnik
IV. Presently, by using their vertlical rockets, the Soviets are
testing infrared equipment, in addition to collecting date on the
background noise level of the earth's surface. It is believed
thet a development progrem exists which eventuslly could lead to
detection sad reconnsisssnce satellites. The development program
which led to the photographic sysiem used in Lumik III is ergmcted
to continue, with &n eventual a.pplication in photographic recennais-
sance end weather satellites.

The Soviet space launch capebllity is shown in the following
table of Sputnik end Lunik booster thrust levels:

Sputnik I 300,000 pounds
Sputnik IT . 300,000 pounds
Sputnik III - 432,000 pounds

Lanik I, II, and IIT 456,000 pounds
Lanik IV, V, and VI b66,600 pOund.B.

There 1S5 a4lso cvidence of & clusier of five 140,000 pound
units. The Sovlets are developing engines of 1 to 2— million

10.5 WDLAR-5-458
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"% pound thrust. The estimated time for s booster o metch this
. engine is as follows:

Single engine booster - 1963
Clustered engine booster ~ 1965

In genersl, it takes approximately half the time for development

. The maximm Soviet orbit capability, with present ICEM
s boosters using five (140,000 pound thrust) engines and four
{6,600 pound thrust) engines is 10,000 pounds in low altitude
orbit. All Tanik and Sputnik vehicles utilized a third stage
having 12,500 pound thrust engine burming for approximately
b20 geconds.
By ueing higher energy chemical propellants in x}:odj_{‘ied
..... upper stsges, the payload cen be increased up to 15,000 or 20,000
Rl pounds during 1961. However, approximately 50,000 pounés of
_ payload mey be attained by 1962 if ICBM launch vehicle thrust is
T ineyensed.

In the 1965-1970 period, a new clustered chemicsl booster
should allow the Soviets to place 50 to 100 tont in orbit
individual laimmches. This will permit lznding » m2n on ihe noon.

. 10.3 SUMMARY AND CORCLUSIONS

_ Very early the Soviets reslized the provegendn value obt&in-
sble from space adventures and, sccordingly, heve striven con-
L tinuously for "firsts". This has apparently influenced the
detailed pattern for thelr space plaaning. REven though the
- , Soriets have achieved "firsts" in:

1) Estsblishaent of en srtificial eerth satellite

2) Rocketing past the moon and plecing s vehicle into
a solar ordit :

3) Hard impact on the moon

ot %) Photographing the side of the moon not visible from
oy the earth '

5) Safely returning mmmasls and men from orbit
it seems obvious that the Soviet attempts 1o score "firsts™ will

continue.
. * - . * .
e WDIAR-S-458
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Although large orpiting spacecraft appesr to be the prime

. Soviet technical objective during the pericd of this estimate, it
is believed they will continue to use and improve their current
luner proebe capability since there are many "firsts” yet to be
accomplished in the exploration of the moon. These include luner
satellites, lunsr sof't landlngs, lumer soft landings and return
with getual semples of the luner surface, and, finally, & tankette
for a true lunar explorstion.

; Tt 1s expected thet the Soviets will eontimue to launch

i unmenned lunar rocket probes for the purpose of reconnoitering
the moon and nesr moon environment for the applieation of this
knowledge t¢ the develomment of manned lunar exploration systems.

Since soft landings are essential for obtaining deta on the
luner surface, it is believed that the Soviets definitely will have
to develop techniques for achieving lunar seft landings, especially
sof't landings and return to earth, to estsblish the procedures to

. be employed in sccomplishing the main objJective of establishing a

’ mannad lunar station. The first of these test vehicles could be

il very similar to their Arctic esutometic weather stations that

N presentily are jettisorned from alrcraft. This vehicle would be

' able to record temperature, micro-meteorite impact, verious types
of radiation, particle concentration, selsmic disturbances, solid

( resistivity, and depth of probe penetration. As lending technigques

are improved, larger payloads with increased insirumentaticn for
terminal control and lunar re-stexrt rnd launch capabilities will

. undoubtedly be developed.

Circurlunsr f£1ights by manned space vehicles, end eventually
“T lunar lendings, will be required in order to know more precisely
R the envirommental situation preliminery to the eventusl establish-
: ment of & lunar base snd the complete conquest of this body. This
is considered to be 8 more distant objective of the Soviet program
end ite attainment vill appear, If at all during this Gecade,
toward the end of the period.

Although the landing of & "tanketie" on the moon falls under
the category of a soft landing, the size and weight of such a vehi-
cle makes it a sufficiently worthy subject for special considsration.

—T The Soviets have publizhed extensively on such & vehicle, and
Yu D. Khelbtsvich, Chairman of the Science Technical Committee for
hadio Remote COnt.rol ocr t‘:osmic Rocke‘t‘.s, has pu'blished his mlininm

rm— ﬁtudenta of Moacaw H:l.@a Technical School DOV are experimenting v:l'.'hh
models of a tenketie in layers of povdered cement to simulete
powdered soll conditions which might be expected on the moon.

WDLAR-5-158
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Actual accomplishment of the project will have to await the .
availehility end flight testing of the new booster with thrust ia
the millions of pounds category in the 1965 time period.

The Soviets do not differentiate between military and non-
militery space systems. They have talked of a pesceful intent of
their space program but there are many pounds of payload in their

satellites vhich cannot be sccounted for on the besis of date glven .

out. Tt should be presumed that this could be military peyloaeds.
With this in mind, it can be stated that during the early 1970's
it is possible that space weapon systems will be developed &5 a
supplement to earth-bssed delivery systems. It is also possible
that military facilities may have been established on or in orbit
around the moon. Atmospheric and climatic conditions will demand
an air conditioned enviromment for moon-based delivery systems.
For increased survival security end decreesed requirements for
"imported" construction material, it seems reasonsble to assume
that these would be constructed under rather than above the moon’s
surface.
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The Tanar Cargo Peckege (See Figure A-1l, item €) is that pwrt
of the Cargo Peylozd vhich reopresents a package consisting of
supplies, egquipment, stec., needed on the lunar surface.
Preliminary design deta indicates that spn smount in excess

of 40,000 pounds must snd can be delivered to the lunax
purface.

Cargo Peyload

The Cargo Psyloed is th=i psxrt of the Lunar Trapsport Vehicle
which 15 placed on & sclectsd lunar trajectory and is bonsted

' to earth escape velocity, It consists of {two major paris,
These ore:

Lunaxr Landing Stage
Carge Package

This division is schematiceally reprecented in Figure A-l by
the parts lebelled b =ni e. The cargo paylosd does not in-
clude a Lunar Launch Stage since the cargo packege remains
on the lunar surface. The weight of the Cexrgo Packige is
eguivalent to the ccmbined weight of the Lunex Re-entry
vehicle (3 men) and the Iuner Launch Stage. The CeIgo
Peylosd weighs 134,000 pounds st earth escape.

Circumlunar

A highly elliptical trajectory that goes around the moon and
returns to the earth.

Cireumlunar Fropulsion stage

A stage attached to the Lunex Re-enixy Vehicle to provide a
suitable propulsion &nd control caepability for meintaining
the Re-entry Vehlcle on & circumlunar trajectory.

Delsyed Procuremsnt Concent

Concept of deferring the finsl ordering and production of
high-cost insurance type spares until maximuya flight

- e

B L L e e i

experlence 1s avellable.

High~5peéd Re-eniry Test

A test program using a special Re-entry Test Vehicle designed
Mb fundamentsl re-entry dste and specific configuration
data a¥ re-entry velocities of 25 to 45 thousand feet per seconﬂ
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Innar Expedition Facility

A facility designed to be comstructed under the lunar surface mnd
to support the Innar Expedition. This facility will be designed
50 that it can be readily expanded to support future military
requirements

lunar tanding Stage

The Janar landing Stage is that part of the Manned lunsr Payload
that will land the Msnned Lunar Payload st & selected site on the
surface of the moon. The expended portion of this stage is lefd
on the lunar surface when the Lunex Re-entry Vehlele is launched
for the return trip to earth (See Figure A-1, item b.).

Luner Lan Jta = Cay

The Lunar Lending Stage of the Cargo Paylosd (See Figure A-1,
item b' ) is identical to the landing stage of the manned Iunar
Peyload. It provide the capability of soft landing the Cargo
Package at & preselected site. The Cargo Pryloed is unmenned and
the landing operation is automatie. The Lunar Landing Stage re-
mains on the lunar surfece with the Cargo Fayload.

Iunar Launch Complex
The Lursar Launch Complex consists of the base facilities, inte-
gration by ]dings, sheck-out buildings, launeh pede, propellsnt
manufacturing plants, the complex control center snd all of the
equipnent reguired to earth lsunch and support the Lumar Expedition.

Lunar aunching Stage

The Lunar Lsunch Stage (See Figure A-l, item c) is that part of
the Manned lunar Payload that will boost the Lunex Re-entry
Vehicle to lunar escape velocity on a moon-to-earth trajectoxy.
It will be ejected prior to earth re-entry.

Yanar Team

The Iuna¥ Team consists of Air Force technicsl personnel from
various Air Force System Command orgenizestions snd the various
Alr Force Command orgenizations. This team was formed to essist
the OS50 in establishing e sound Yunar Expedition program. The

_membership during the past two yesrs has vexied Iram 30 to 50
‘personnel ;

Ianar ![:ransm Vehicle

- fhe Juner Lranspert Vehicle is required to transtort men and
materials for the funsf Expedition. The Tuna 2 Vehicle
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’ consists 0f 8 Hpace Leunching Vehicle and one of two payloads.

(ne payload 1s the Menned Lunar Payload and the other is 'the
Cargo Payload (See Figure A-1)

LUNEX
IDKEY 15 8 short title for the Lunar Expedition Program

Tunex Progrem DNirector

The lunex fFrogrem Directoy 1s the individual responsible for
directing snd controlling all facets of the lunar Expedition

Progran.
lunex Re-entry Vehicle

The Lunex Re-entry Vehicle (See Figure A-1, item d) is the only
part of the Manned Lunar Feyload thet returns to the earth. - It
carries three men and all the necessaxy life support, guldance,
snd comnmuinication ecuiment that is reguired. It re-enters the
earth's atmosphere and uses aerodynamic breking to slow dowm
snd land like & conventicnal airplane. The preliminary desiga
of the Iunex Re-eniry Vehicle cells for a vehicle 52 Tt. long
with a retwrn weight of 20,000 pounds.

Man-rated

A vehicle, or system is considered to be "man-rated" vhen
sufficlent ground end flight test dete hes been accumnlated
to deterpmine thet the reliability cobjectives for the item
have been achieved and that the abort system satisfactorily
compensales for the inherent unreliebility of the system,

Manned Laney Peyloed

The Menned Luner Payloed 1s that part of the Iunar Transport
yvahicle vhich is pluaced on m selected lunay trajectory and is
boosted 10 sn earth escepe velocity of approximately 37,000 feet
per second. It consists of three major perts. These are:

-Lunar lLanding St_‘-age
Tunsy laonch Stage
Lunex Re-enty cle (3 )

Mgl

Tnis alvision is schematically represented In Figure A-1 by the
parts labelled b, ¢, and d. The complete Msnned Lunar Payload
weighs 134,000 pounde at earth esceape.
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SEERET ..
Responsive Production Concept

A concept whereby long lead portiions of high-cost operational
spares are purchased unsassembled to redace costs until final
decieion ie made on spares procurement.

Space Iaunéhigg System

The complete system, including ground facilities, propellant
manufacturing facilities, eic., as required to launch the
boosters required for space operatiocus.

STANDARD TERMINOIOGY
AGE

A term used to describe the Acrospace Ground Envirmnt
reguired for m specified system

Abort System

The Abort System includes all the equipment required to remove,
or return the crew members of the Lunex Re-entry Vehicle to a
position of eafety in the event of s malfunction of the Lunax

Transport Vehicle. .

P.E.P. aye the initiels for "Program Evaluation Procedure".

Tt 1s e management tool vhich uses an electronic digital cmte;-.
It has the ecapacity to handle large masees of data quickly.

The PEP system provides inforpation that will enable the ILunex
Program Director to guickly identify, locate, and consequently,
cerrect progrem trouble spots.

SQFRI

A term used to describe du_a'.l:ltative- and Quantitative Personnel
Requirements Information that is required to properly plen for
personnel training.

RFIR
A term mesning Real Proverty Instslled Equipment that is

synonymous with Technical Facilities. Technieal Facilitlies are
those structural and related items vhich are built end/or in-

stalled by the Corps of Engineers and then itwrned over to the
Ah:l:l" Force or an Air Force contractor.
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AchartprepmdtoascaleofllOOOOOOandcovenngtm
lunex surface. FPresent vlens call for the preparetion of lhk
inddviduael charts to cover the complete lunar surface.

PRUGR'M TITLES
BOSS
BOSS is the designation for “Biomedical Qibiting Satellite
Systen”. The BOSS program uses primates to provide life
science data for designing manned space systems.
SAINT
The DAINT program will develov and demonstrete orbitel rendezvous

and satellite inspection technicues. It will further demonstrate
the canability of closing, docking, and refueling.
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