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1.0 SUMMARY
1.1 PURPOSE

The Lunar Expedition bas as its objective manned exploration
of the moon with the first manned landing and return in late 1967.
This one achievement if accomplished before the USSR, will serve
to demonstrate conclusively that this nation possesses the
capability to win future competition in technology. No space
achievement short of this goal will have equal technological
significance, historical impact, or excite the entire vorld.

1.2 BACKGROUND

Extensive studies by Air Force-Industry teams during 1958,
1959, and 1960 examined all facets of the problem and technigques
of sending men to the moon and resulted in a feasible concept
which is attainable at an early date and is economical and reliable.
Laboratories within the Air Force participated in this effort, thus
establishing a broad technological base which can react quickly to
an expanded high priority program.

1.3 DESCRIPTION :

The lunar mission would be initiated by the launching of the
lunar payload by a large, three-stage liquid or solid propellant
booster to escape velocity on a lunar intercept trajectory. The
payload, consisting of a Lunar Landing Stage, Lunar Launching Stage
and a manned vehicle, would use a lunar horizon scanner and a
doppler altimeter for orientation prior to a soft landing using
the Lunar Landing Stage. Terminal guidance using prepositioned
beacons would be required for landing at a preselected site. The
Lunar Launch Stage would provide the necessary boost for the return
to earth of the manned Lunex Re-entry Vehicle. Using mid-course
guidance and aerodynamic braking, the vehicle would effect re-entry
and a normal unpowered saircraft landing at a ZI base.

In addition to the manned vehicle a cargo payload is included
in this plan. The cargo payload would utilize the same three-stage
earth launch booster and the same lunar landing techniques. How-
ever it would 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 plan is the "direct
shot" method since studies have indicated it could be available
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at an earlier date and it would be more reliable. Another concept

is also suggested which consists of the rendezvous and assembly of
components in an earth orbit before injection into & lunar trajectory.
The techniques and development required for this latter concept are
documented under a separate SSP titled, SAINT. Therefore, no
details of this concept are presented in this plan. All schedules
relating the two plans have been coordinated to insure compatibility
and to take advantage of mutual advances. Since neither rendezvous
techniques nor large boosters have been demonstrated, both approaches
must be pursued until it becomes obvious that one of them has clear
advantages over the other. i

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

a. A three-man Lunex Re-entry Vehicle. This vehicle
must be capable of re-entry into the earth's atmosphere at velocities
of 37,000 ftfsec. It must also be capable of meking a conventional
aircraft landing. Control and improved guidance for entering the
earth's atmosphere at the proper place and angle is needed as well
as improved materials to withstand the high surface temperatures.
Adequate life support equipment is also required. The development
of this vehicle is the key to the accomplishment of the LUNEX
program and is one of the pacing development items. A detailed
schedule for its development is included.

b. A Lunar Landing Stage for decelerating and landing the
entire payload. This stage must have the capability to decelerate
134,000 pounds from a velocity of almost 9,000 i"bfse:: to 20 ft/sec
at touchdown. A doppler altimeter is required to provide information
for ignition and control of the engine. Horizon scanners must be
used to orient the payload to the local vertical.

¢. A Lunar Launch Stage capable of launching the manned
Lunex Re-entry Vehicle from the lunar surface. Lunar ascent
guldance is required to place the vehicle on the proper trajectory.

d. A three-stage earth laurnch booster, referenced as a
space launching system. The first stage will use either Loxf
with six million pounds of thrust or a solid fuel with an equivalent
launch capability. The second and third stages will use mxf:.ﬂa.
The development of this space launching system is considered the
pacing development item for the LUNEX program. Because of the
magnitude of the booster program and the ‘applicability of the

L
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booster to other programs, the plan for its development is being
presented separately.

In addition to the above listed hardware developments,
sdditional information is required ebout the lunar surface such
a8 its physiecal and roughness characteristics. High resolution
photographs of the entire lunar surface may provide this information.
Present NASA plans if expedited could provide the information for
this LUNEX program. NASA's SURVEYOR (soft lunar landing) program
could also incorporate radlo-light beacons which would be used
later in conjunction with & terminal landing system. A core sample
of lunar materiml is required as soon as possible so that design
of lunar landing devices and lunar facilities can be accomplished.

1.4 MAJOR PROBLEM AREAS

The development of techniques for re-entering the earth's at-
mosphere at 37,000 ftfs:c is one of the major problems. Guidance
equipment mpst be very accurate to insure that the re-entry angle
is within * 2°, Too steep an entry angle will cause overheating
and untolerable G loads, while too shallow an entry angle may
permit the Lunex Re-entry Vehicle to skip out of the atmosphere
into & highly eccentric earth orbit. If this happens, the vehicle
may spend several days in the trapped radiation belts and may exceed
the time 1imits of the ecological system.

The Lupar Landing Stage will be a difficult development be-
cause of a requirement for orientation with the local vertical
vhen approaching the moon. It must also be guided to the selected
landing site. Many tests will be required to develop the necessary
equipment.

The Lunar Launching Stage will be another difficult development.
The prelaunch countdown must be performed sutomatically and, if the
launching booster is not vertical upon launch, corrections must be
made in order to attain the required moon-earth trajectory.

Although the foregoing developments are difficult, no
technological break-through will be required. All designs can be
based on extrapolation of present technclogy.

1.5 MILESTONES

Major milestones in the program are:
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Recovery of a manned re-entry vehicle from 50,000 miles

in 1965.
b. Manned circumlunar flight in 1966.
c. Manned lunar landing and return in 1967.
These and other significant events are shown on Chart I-A.
1.6 CAPABILITIES DEVELOPED

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

1.7 MANAGEMENT ACTIONS REQUIRED

The major Management Milestones for FY62 and FY63 are shown
on Chart I-B. Immediate attention by Management to obtain Program
Approval and Funding by July 1961 is necessary if the United
States is to put a "man on the moon" by August 1967.

Throughout the LUNEX program time allocated for management
and Air Force technical evaluations has been kept to a minimm.
This is essentinl to meet the schedules, and delays in providing
funding as indicated, or in receiving notifiecation of required
decision, will have the direct effect of delaying the program end
objective.
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CHART 1-A
LUNAR EXPEDITION PROGRAM MILESTONE SCHEDULE

CALENDAR YEARS
1961 1962 1963 1964 1965 1966 1967 1968

PRELIMINARY DESIGN COMPLETE (LUNEX PAYLOAD)
PROGRAM APPROVAL AND FUNDING ¢
ENGINEERING DESIGN AND MOCK-UP $
INITIATE HARDWARE PROCUREMENT
RE-ENTRY VEHICLE (90% ENG REL ) (2>
LUNAR LANDING STAGE (90% ENG REL) 4
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) 27 12 330 TI0 1320 1405 1760
WDLAR-5-438
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PROGRAM DESCRIFTION
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2. PROGRAM DESCRIPTION
2.0 BACKGROUND

Shortly after the first Sputnik was launched in Octob~r 1957,
Headquarters, ARDC initiated a series of studies to examine the
military potentia: ot space operations. These studies were
accomplished by Industry-Air Force teams each working independently.
Two of these studies which were the forerunners of this Lunex plan
vere "Lunar 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 study examined the military potential of lunar
operations. These studies showed that it is technically and
economically feasible to build a manned lunar facility.

A third study titled, "Permanent Satellite Base and Logistic
Study" is presently under way and will be completed in August 1961.
This study will provide & conceptual design of a three-man re-entry
vehicle which will carry men to dnd from the moon. The three-men
vehicle is the key item in the lunar transportation system as its
weight will dictate the booster sizes. For this reason it 1s given
special attention in this plan.

2.1 LUNEX FROGRAM OBJECTIVE

The objective of the Lunar Expedition program is the manned
exploration of the moon with the first manned lunar 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 quarter of
calendar year 1967, and will establish the Lunar Expedition
in 1968. Completion of this plan will require the development of
equipment, materials, and techniques to transport men to and from
the lunar surface and to provide a lunar facility which will allow
men to live and work in the extremely harsh lunar environment.

2.2 LUNEX PROGRAM - DESCRIFTION

The Lunar Expedition Program is primsrily concerned with the
development of the equipment necessary to transport men and supplies
to the lunar surface.

The key development in this program is the Lunar Transport
Vehicle which is ccmposed of the Space Launching System and either
the Manned Lunar Payload or the Cargo Payload.

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

same Lunar Landing Stage, plus a cargo package, composes the Cargo
Payload. The relative effort required for the development of these
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tvo payloads in comperison with other portions of the complete Lunar
tion Program is shown in Figure 2-1. A breakdown of the Lunar
Transport Vehicle is shown in Figure 2-2.

The Space Launching System consists of a three-stage booster
capable of placing either the Manned Lunar Payload or the Cargo
Payload on a lunar intercept trajectory at escape velocity. This
plan does not contain development information on the Launching System
since such information is contained in a separate System Package
Plan being prepared concurrently. The development schedules in
these plans have been coordinated to insure compatibility.

In operation, the Manned Lunar Payload, weighing 134,000 pounds,
will be boosted to escape velocity of approximately 37,000 ft/sec
on a trajectory which intercepts the moon. Veloecity will be sufficient
to reach the moon in approximately 2% days. As the Manned Lunar Pay-
load approaches the moon it is oriented with the local vertical by
the use of horizon scanners. The Lunar Landing Stage decelerates the
Manned Lunar Payload for a soft landing at a preselected site using
an altitude sensing device to determine time of ignition. Landing
at the preselected site will be accomplished using terminal guidance
equipnent and a prepositioned beacon to effect an off-set landing.

The Lunar Launching Stage, using the Landing Stage as a base,
will launch the Lunex Re-entry Vehicle on the return trajectory.
In early test shots before men are included, the countdown and
launch will be effected automatically by commend from the earth.
Small mid-course corrections may be necessary to insure re-entry
into the earth's atmosphere within allowable corridor limits.

The Lunex Re-entry Vehicle will re-enter the earth's atmosphere
within the allowable corridor so that it will not skip back into
space agaln nor burn from excess heat. It will use serodynamic
braking to decelerate and will have sufficient 1lift capability to
effect a normal unpowered aircraft landing 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 establish
confidence in the system reliability before manned missions will be
attempted.

Cargo will be transported to the lunar surface using the same
procedures and equipment except that the Lunar Launch Stage is not
needed. The Cargo Package will have a weight equal to the cambined
weight of the Lunex Re-entry Vehicle and the Lunar Launch Stage.

As a separate approach to the problem of placing large payloads
on the moon, techniques of rendezvous and assembly in earth orbit
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are being examined. Use of these techniques would require the launch,
rendezvous and orbital assembly of sections of the Manned Lunar Payload
and the Cargo Payload along with the required orbital launch booster
and its fuel. The assembled vehicle would then be boosted from orbital
velocity to escape velocity and would proceed as described above. De-
tails of the major developments required such as rendezvous, docking
and orbital assembly are outlined in a System Package Plan titled, SAINT
being prepared concurrently. All programming information and schedules
have been rdipated with this plan to insure compatibility and
matual support.

2.3 DESIGN PHILOSOPHY

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

The manned Lunex Re-entry Vehicle is the key item in determining
booster sizes. Its weight determined the size of the Lunar Launch
Stagr which in turn determined the size of the Lunar ILanding Stage.
The total weight of these three items is the amount that must be
boosted to earth escape velocity by the Space Launching System. In
this manner the size of the Space Launching System was determined.

A 2} day trajectory each way was selected as a conservative
design ocbjective. Longer flights would have more life support and
guidance problems while shorter flights require higher boost velocity.

An abort capability will be included in the design insofar as
possible. The next section describes the abort system in consider-
able detail.

Development and tests are scheduled on & high priority basis.
Thus, the schedules shown in this plan are ﬂj.ctatad by technological
limitations and not by funds. et

The entire program as described herein is an integrated program
in that later development tests build on the results of early tests.
Thus, equipment and techniques are proved out early, and confidence
jn the reliability is obtained by the time a man is included.

2.4 ABORT PHILOSOPHY

The insertion of a man into a space system creates a safety and
reliability problem appreciably greater than the problem faced by
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any unmanned system. It is well recognized that maximm reliability
is desirable, but also known that relisbilities in excess of 85 to
90% are extremely difficult to achieve with systems as complex as
the Lunar Transportation System. Therefore, the need for an abort
system to protect the man during the "unreliable" portions of the
lunar mission is accepted.

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

a. Earth ascent.

b. Earth-moon transit.
c. Lunar terminal.

d. Lunar ascent.

e, Haon-ea;-th transit.
f. Re-entry.

The development and test philosophy for this program is to
launch the manned systems as early as possible in the program, but
in an unmanned status. This will provide experience and allow the
system to be checked out and "man-rated" before the first manned
flight. It also means that the Lunex Re-entry Vehicle will be used
for orbital and circumlunar flights prior to the lunar landing and
return flight. The propulsion systems used for these early flights
will be used throughout the program and the experience gained from
each flight will increase the probability of success in reaching
the final lunar landing and return objective. Also these pro-
pulsion systems will be used concurrently in other programs and
at the time of man-rating will possess greater launch experience
than can be expected for the largest booster of the Space Launching
System. Thies would indicate that a larger number of unmanned flights
should be scheduled for the larger full boost system than for the
early flights. It also points out the need for a sophisticated
Earth Ascent Abort capability during th: first manned lunar landing
and return flight.
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In providing an abort philosophy for the Lunar Program it should
be noted that the Lunex Re-entry Vehicle, the Lunar Landing Stage
and the Lunar Launching Stage all possess inherent sbort capability
if utilized properly diring an emergency. With sufficient velocity
the re-entry vehicle is capable of appreciable maneuvering and
landing control to provide its own recovery system. The Lunar
Launching and Lunar Landing Stages possess an appreciable Av
capability that can be used to alter the payload trajectory to
better accomplish recovery of the man. However, in either case the
maneuvers will have to rely on computing techniques to select the
best possible abort solution for any specific situation. :

With this background, and with the understanding that in a
future final design effort "full abort” may be required, the
following abort design objectives for the Manned Lunar Payload are
presented:

a. Earth Ascent Phase
(1) On Pad.
Full abort system will be provided.

(2) Lift-off to Flight Velocity for the Re-entry
Vehicle. .

Full abort system will be provided.

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

The basic Manned Lunar Payload will provide
the abort capability.

b. Earth-Moon Transit
(1) Injection
Abort capabllity to compensute for injection
error is desired as part of the basic Manned Lunar Payload.
Computing, propulsion, etc., capabillities should be designed into

the basic system to provide for the s2lzction of the optimm abort
trajectory.
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(2) Mid-course

Abort capability during Earth-Moon transit is
desired for the Re-Entry Vehicle by means of a direct earth return,
earth orbit, or circumlunar flight and earth return. Circumlunar
flight generally requires the least/»v, but the actual selection
of the optimm trajectory should be accomplished when required by
a computing capability, and executed by the Lunar Payload.

¢. Lunar Terminal

This type of abort generally results from loss of
propulsion or control of the Lunar Landing Stage. Where possible
the Lunar Launching Stage will be used to attain a direct or circum-
lunar trajectory that terminated in an earth return. When this is
not possible the Lunar Launching Stage will be used to accomplish
the safest possible lunar landing. Recovery of the crew will not
be provided in this system and selection of the above .alternatives
will be accomplished automatically on-board. Crew recovery will
be provided by another stand-by Lunar Transport Vehicle.

d. Lunar Ascent

Maximum 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 weight
pepalty imposed by a separate abort system.

The early missions will be faced with the highest
risk, but as a facility on the lunar surface is developed, a
rescue capability and the addition of an abort capability can be
developed. No specific abort system will be provided for this
‘phase, but consideration should be given to the possibility of
future lunar modifications to provide for abort.

e. Moon-Earth Transit

This would generally be associated with a gross
trajectory error, or loss of control on re-entry. The only
solution is to utilize the on-board capability that remains to
achieve an earth orbit. After achieving orbit an earth launched
rescue mission would be initisted. This approach requires no
additional abort system to be provided for this phase.
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f. Re-entry

Exceeding re-entry corridor limits, or loss of control
could cause an emergency whore abort would be desirable. Should
sufficient ¢»v remain from the over-design of the lunar launch stage,
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 is required for this phase, but availability of pro-
pellent should be considered.

2.5 EXPEDITION FLANNING

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 lunar surface and account for every single effort, or
objective he is to accomplish during his stay on the surface. A
crev of three men will be sent into a new and hostile environment
where rescue or assistance from other human beings will be extremely
difficult, if not impossible, for the first mission. Time will be at
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 easiest
possible manner.

The procedures for first exploring the surface and then for con-
structing the expedition faclility must all be derived, demonstrated
and proven by earth operations prior to attempting the desired opera-
tion on the moon. An environmental facility that simulates the lunar
surface with sufficient work area to test out equipment and procedures
will be required. .

The actual 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 available data. The chart is & portion
of a Lunar Sectional having a scale of 1:1,000 (1 inch equals 16
miles) produced by the USAF Aeronautical Chart and Information Center,
St Louis, Missouri. Present plans call for the eventual production
of 1kkh charts to cover the complete lunar surface.

The best photographic resolution to date is around one-half
mile on the luner surface, which provides adequate 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. However, larger
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scale, accurate lunar charts will be required to complete detailed
plans. Data can be cobtained for such charts from a lunar orbiting
photographic satellite which will provide sufficient resolution and
overlep to enable stereographic compilation of contours and eleva-

tions. The NASA proposed Lunar Orbiter program is a possible source
of the required data.

Planning for construction of the expedition facility can begin
only after detailed surface information becomes available. Examin-

ation of returned lunar core samples will be necessary before plans
can be completed.
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SECTION III

MASTER SCHEDULES

LUNAR EXPEDITION (U)
(LuNEX)
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3.0 INTRODUCTION

The establishment of the Lunar Expedition Program as a National
objective will provide & worthy goal for the. United States ‘industrial
and governmental organizations. The Lunar Expedition program has been
based on extensive study, design and research work during the past
three years. ¢

A Lunar Expedition progrem will require the use and centralized
control of a major portion of the present military space capability.
This will have the effect of glving the militery program a scheduled
long-range objective, and still provide useabls military capabilities-
throughout period. As an exsmple, manned re-entry vehicles for
orbital operations will be available 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 program. This program will set orbital and escape
velocity payload requirements ranging fram 20 to 350 thousand pounds
in a 300 mile orbit and from 24,000 to 134,000 pounds at escape
velocity. This capability will be obtained at an mccelerated 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 jJustified at this time entirely
on the basis of military usefulness.

The accomplishment of the LUNEX program will require meximum
use of several presently programmed efforts and reorientation of others.
The major programs of direct interest to the ILunex are 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 data to allow the manned life support
package for the Lunex Re-entry Vehicle to be designed. The SAINT
unmanned and manned program will provide additional orbital infor-
mation on rendezvous, docking, and personnel and fuel transfer. In
the event that the direct shot approach for the Lunar expedition
requires reorientation in future years to use orbital assembly
techniques this capability will be available from the SAINT program.

3.1 MASTER FROCRAM FHASING CHART

This schedule preseats the integrated militery program required
to accomplish the Lunar Expedition mission and to develop techniques
for operating in the earth orbital and lunar areas. It was prepared
to indicate the interface between this Lunar Bxpedition System
Package Plen and the Space Launching System. The major national
obJjective of this integrated program is to land men on the moon and
return them in August of 1967.
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3.2 LUNAR EXPEDITION PROGRAM SCHELULE

Thie schedule presents the major items to be aoccomplished as
a result of the LUNEX program. The costing as shown on the schedule
does not include the cost of developing the Space Launching System
since this iz orovided under a separate System Packages Flan.
However, the cost of purchasing the flight vehicles is included.

The major "prestige" milestones of the program can be
sumnerized as follows:

First Manned Orbital Flight April 1965
(3 Man Space Vehicle)

First Lunar Landing (Cargo) July 1966

Manned Circumlunax Flight Sept. 1966

Manned Lunar Landing & Returm Aug. 1467

Permanently Manned Lunar Expedition Jan. 1968

3.3 LUNAR EXPEDITION MANAGEMENT MILESTONES FY62 - FY63

‘This schedule indicates the major LUNEX progrom efforts
requind. during fiscal years 1962 and 1963. The time allocation
for management and Air Force technical evaluations have been kent
to a minimm in order to meet the end objective of "man on the moon"

in August 13G7.

Several critical major decisions are required and are summarized
below:

Program Approval & Funding July 1961
Develomment-Production Funding Dec. 1962
Design Concept Decision Jan. 1963
Approval for Hardware Go-Ahead Feb. 1963

Delays in providing the funding indicated, or in receiving
notification of decisions required; will have the direct effect of
deleying the end objectives. This problem could be effectively
solved by a streamlined management structure having a minimum number
of reviewving authorities. The present AFSC procedures are a step in
the right direction but more direct channels are desirable at the
higher command levels.
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3.4 LUNAR EXPEDITION TEST SCHEDULE

This schedule presents the mojor test items required for the
LUNEX program. Upon completion of the program manned transport and
unmanned cargo vehicles will be available to support the Lunar
expedition. The cargo vehicle will be capable of transporting
approximately 45,000 pound "cargo packages" to the lunar surface
for supporting the expedition. This same vehicle would 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
Sys test program is scheduled to provide basic re-eniry data
and to insure the safety of the men in the Lunex Re-entry Vehicle.

Prior to the first "manned lunar landing and return" flight,
a series of test and check-out flights will be required. These
will initially consist of orbitel flights, and then very high
altitude (50,000 miles or more) elliptical flights for testing the
vehicles under re-entry conditions. When these have been completed,
the first flights will be made around the moon (circumluner) and
return to an earth base. With a completely men-rated vehicle, and
unmanned 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 LUNEX SPACE IAUNCHING REQUIREMENTS

‘The purpose of this schedule is to summarize the space launching
vehicle requirements and indicate vhen the launches will be needed.

The THOR-ABLE-STAR boosters will be used for the re-entry test
program. The Space Launching System boosters designated as A, AB
and BC, and so0lids as required, will be needed as indicated and their
payload 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 velocity)
BC 2720 134,000 pounds (escape velocity)
3.7 WDLAR-S-158
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3.6 PFRSONNEL AND TRAINING

The Lunar Expedition program will require military personnel

and a military training program. Details of this program are presented

in Section IX and summarized on the Lunex Training Schedule included
in this seetion.

The number of personnel required will increase from a limited
steff in the early Program Office to a total of 6,000 personnel in
the active expedition year. This total does not include “in plant"
contractor versonnel which is estimated to be on the order of 60
thousand.

Training of military personnel to meet the requirements of the
LUNEX progrem will be by contractor and military training
personnel. Maximum use will be made of program equipment vwhen it
can be scheduled for training purposes and in addition, allocation
of production eguipment is necessary to meet training requirements.

3.7 ILUNEX CIVIL ENGINEERING FACILITIES SCHEDULE

The facilities development and construction progrem is shown
on this schedule. The first item to be accomplished is a site
survey to determine the extent that the LUNEX program cean be
supported by AMR and PMR. VWhen this has been accomplished it will
be possible to determine if the early LUNEX test launches can be
accomplished by using present facilities. Full consideration will
be given to the possibility of building the Lunex Launch Complex
as an expension of the AMR or PMR. A more detalled presentation
of the facilities progrom is contained in Section VIII Civil
Engineering.
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III-A LUNAR EXPEDITION
MASTER PROGRAM SCHEDULE

—, PROGRAM SCHEDULE b bl
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CHART III-B8
LUNAR EXPEDITION PROGRAM MILESTONE SCHEDULE

CALENDAR YEARS
( 1961 1962 1963 1964 1965 1966 1967 1968
PRELIMINARY DESIGN COMPLETE (LUNEX PAYLDAD) H
PROGRAM APPROVAL AND FUNDING
ENGINEERING DESIGN AND MOCK-UP I
INITIATE HARDWARE PROCUREMENT
RE-ENTRY VEHICLE {90% ENG REL )
LUNAR LANDING STAGE {90% ENG REL) 4
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) 27 "2 350 710 1320 1405 1760
WOLAR-5-45




MC |;uUNAR EXPEDITION. cY 60 cy 61 cy 62
MANAGEMENT MILESTONES FY62 - FY63 |s[¢|ulaluls]s]alslolulo]s]slufau]s|s]a]s]|ofu]o]s}rlufa)uls]s]a
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[+ ] Contractor No, 2 {Lunex Payloads) ,
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PROGRAM JCHIDULE - 6 Years

III D | LUNAR EXPEDITION

CY-61

CY-62

TEST SCHEDULE

NOUL

| HIGH SPEED RE-ENTRY TEST

BEEREFRFE

2 __ 25,000 - 35,000 ft/sec
ub- e
i 35,000 - 45,000 ft /sec b4
5 {Sub-Scale) .
§
] LUNEX RE-ENTRY VEHICLE
A ___ Static Test
LN Eng., Lab., and Gnd. Test
Drop Test
u Unmanned
. Manned
D _Orbital
Unmanned
Manned
Circum Lunar
Unmanned
Manned
Lunar Landing and Return
Unmanned
n_____ Manned
n___ Lunar Expedition

a
94 CIRCUMLUNAR PROPULSION STAGE

., -and Gnd. Test

8.__ Eng, Lab
i | Orbital Check-out
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Unmanned

Manned

LUNAR LAUNCH STAGE

and Gnd, Test

P P S

Earth Launch Test
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Lunar Launch

15
7% Unmanned
u Manned
M Lunar Expedition
n
T (Continued)
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PROGRAM ICHEDUE - 6 Years

Il D

{(Cont.) | LUNAR EXPEDITION CY -61 CY-62 [
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PROGERAM ICHEDULE - & Years

II1 E LUNEX SPACE LAUNCHING CY-61 CcY-62
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PEOGRAM SCHEDULE - 6 Years

III-F | LUNEX CIVIL ENGINEERING

CY=-61

FACILITIES DEVELOPMENT PROGRAM
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| LUNEX LAUNCH SITE SURVEY
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1 0
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1% Constr, A and Solid Bldp
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1
19_DESIGN LAUNCH PADS
b, | 1land 2
1 _Construction #
27 3 and 4
n 5 and 6 {If Required)
T 3 - 6 Construction
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YROORAM SCHEDUILE - 6 Years
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LUNEX TRAINING SCHEDULE

cY-63

Chart II-G
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4. DEVELOPMENT - TEST - PRODUCTION
4.0 INTRODUCTION

Implementation of the Lunar Expedition will require a
completely integrated program involving the development, test,
and production of items based on almost every lmown technical
discipline. These technical disciplines are presently being
investigated under a miltitude of programs and orgenizations.

The Iunar Expedition program will require these technical efforts
to be immediately organized and re-oriented vhere necessary.

This can best be accomplished by preparing a detailed development,
test, and production program. When this program is completed
each technical area can be evaluated ﬁy comparing its present
program obJjectives and its required output to meet the Lunar
Expedition program requirements. In the following paragraphs

the Lunar Expedition development objectives and technical per-
formance requirements are presented. The scope of the major
existing technical progrems and the necessary re-orientation is
discussed.

L.1 DEVELOPMENT OBJECTIVES
k.1.1 HIGH-SPEED RE-ENTRY

At the present time high-speed re-entry data in the veloeity
spectrum from 25,000 ft/sec. to 45,000 ft/sec. is non-existant. In
order to meet the Lunex Re-entry Vehicle development schedule it
will be necessary to have high-speed re-entry data during the
engineering design program for the manned re-entry vehicle. Thus
a compressed and coordinated test program for both ground test
facilities and flight testing is necessary.

Immediate action 1s necessary to schedule and design the
high-speed wind~-tunnel test program. This will show the type of
information that can only be achieved by means of flight testing.

The High-Speed Re-entry flight test program scheduled for
the Lunex program is necessary to provide basic data on re-entry
as well as to fly specific shapes in the later period of the test
program. This selected shape program will be coordinated with the
Lunex Re-entry Vehicle design effort.

In order to accomplish the High-Speed Re-entry flight test
program it wvill be necessary to design and develop a test vehicle.
This vehicle must use exdsting boost systems due to time limitations,
but the payload will have to be designed especially for this program
since none exists at this time. It is believed that the Atlas booster
will prove adequate for these tests, but a decision must await the
test payload design.
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h.1l.2 MANNED LUNAR PAYLOAD

The largest single development objective for the LUNEX
progrem is to provide a payload capable of transporting men and
equipment to the lunar surface and returning them to a selected
earth base. This payload would consist of a Lunar Landing Stage, a
Innar Iaunch Stage and a 3-man Lunex Re-entry Vehicle.

A typiecsl Manned Iunar Payload is shown in a cut-away view in
Figure 4-1. The characteristics and General Arrangement of the
Manned Iunar Payloed are shown in Figures 4-2 and 4-3. This payload
is 52 feet 11 inches long, has the c.g. located 33 feet 8 inches from
the nose of the re-entry vehicle and the interface diameter with the
Space Launching System is 25 feet. The complete payload veighs
134,000 pounds at escape velocity, and a 20,205 pound Manned Re-entry
Vehicle is returned to the earth. (

The Innex Re-entry Vehicle must be capable of entering the
earth's atmosphere with a velocity of approximately 37,000 ft/sec.
At the present time, basic re-entry information for velocities of
this magnitude does not exist. Therefore, engineering design effort
for this re-entry vehicle must be accamplished concurrently with
other major sub-systems developments and integrated with the High-
Speed Re-entry test program and the Abort System test and development
program. This requires close mansgement control of these programs
by the LUNEX Program Office.

Another major problem facing the re-entry vehicle development
program is the life support package. The planned schedule will
require the mamnned life support package to be designed on the basis
of earlier primate shots, Mercury shots and the Discoverer series.
These programs lead toward a manned capability, but this re-entry
vehicle requires the first truly spece life support package.

. The Innar Iending Stage must be capable of landing the Lunar
Iaunching Stage and the Tunex Re-entry Vehicle on the lunar surfla
At the present time this is considered a difficult design problem
becasuse little is' known about the lupnar surface. Actually the best
photographic resclution to date is approximately 3 mile. Many
theories exist on the formation of the moon and therefore, the
characteristics of its present surface. When these two factors are
considered the only practical design approach is to provide an
alighting system capable of landing on an extremely rough surface.
An automatic leveling, orientation and launching system is required
for system check-out prior to menned flight. Therefore, any
assumption that the Manned Iunar Payload can be moved about on the
lunar surface or that the payloads might initially transfer fuel on
the lunar surface, might be entirely erroneous and jeopardize the
complete L[unar Expedition effort. The landing stage will also have
to be developed so that it is capable of landing the Cargo Payloads
on the lunar surface.
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FIGURE 4-1
MAMNED IUNAR FAYLOAD WDLAR-




FIGURE 4-1
MAMNED IONAR FAYLOAD WDLAR-S-458



STA
T 0 e B
FIGURE L-2
MANMNED YEHICLE SYSTEM
CENTER OF GRAYITY, AXIS SYSTEM
AND STATION DIAGRAM
ENTRY
VEHICLE

<

ENTRY YEHICLE AT LANDING

VEHICLE PRIOR TO ENTRY

YEHICLE AT BEGINNING OF
LUNAR LAUNCH

YEHICLE AT BEGINNING OF
LUNAR LANDING

MANNED VEHICLE AT EXIT
g

WDLAR-S-158




LT PRl
el R L P

/; Bgdeireid  SLFrORecs

Cliiry AT

Fulainry
[ Y L —
FOOD ¢ T

gt / AL
A aF Sefid i
il Fragbad}
it}
R
"
]
{ %
‘\\_H
CErvRSL
Lard 4 oy
i o TIPS T ol
L TR AT g —_—r
ST Ll AT O
e iy T
L LA
DA PO ST B i e FL TS
— e POy, (e P 1 Rl I (DT

AT |

FIGURE 4-3
GENERAL ARRANGEMENT °

’ MANNED LUNAR PAYLOAD

ST AT
A S
b




The Lunar Launching Stage must be developed with a different
philosophy than the previous sub-systems. First, it only operates in
& vacuum of space and on the lunar surface. Secondly, it will be
required to function after it has been located on the lunar surface
for an extended period varying from several days to meny months.
Therefore, the stage must be developed to launch the re-entry vehicle
after being subjected to a better vacuum then avallable in our best
earth laboratory facilities, following possible temperature variations
of 400 to 500 degrees, following possible meteorite bombardment and
from a less than optimum leunch angle. Specifically the stage
develomment must consider propellant boil-off, automatic check-out,
self-erection and remote (earth-moon) launching procedures.

The Innar Launching Stage represents the major reliability
problem of the system because an abort capability is planned for
every phase of the LUNEX mission except during launch from the lunar
surface. During the early lunar flights an abort capability for
this phase is Just too expensive payload-wise for the Space Launching
System. An sbort capability during lLunar Launch essentially requires
a duplicate lunar launching capability because the man must still be
returned to the earth by either this system, or a special rescue
flight. Therefore, until lunar support facilities are available =2
separate system for abort during lunar lsunch does not seem practical.
This creates the requirement to develop an extremely reliable Lunar
Launching Stage.

L.1.3 CARGO PAYLOAD

The successful support of the Lunar Expedition will reguire a

" capability to deliver relstively large Cargo Packages to the lunar
surface. These Cargo Packages will be soft landed at the desired
lunar sites by the Lunar lLanding Stage. Each Cargo Package will
weigh approximately 45,000 pounds and vill be specifically designed
to carry the items desired to support the expedition. Development

of the Cargo Payload and the specific packages will depend upon the
Lunar Lending Stage design and the receipt of lunar environmental
data. The actual design of the Lunar Expedition Facility will only
be possible when detailed information on the lunar surface is available.
Then with the facility design information the required materials,
equiyment, and procedures can be determined and a payloed delivery
sequence derived. The required payload delivery sequence is essential
before the individual payloads can be designed and developed, but
timely development of major items of equipment must proceed as their
individual requirements become known.

L.1.4 ABCRT SYSTRM

The philosophy of abort has been presented in the Program
Description section of this document. The development of the abort
equipment will require an integrated effort with the re-entry vehicle
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design and the test program must be conducted concurrently to provide
a reliable and safe system for supporting manned operations.

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

k.1.5 SPACE LAUNCHING SYSTEM

The Lunar Expedition requires an extensive space launching
capability. The development of this’ capability is a necessary part
of the LUNEX Program. At present this development is being included
under the Space Launching System program. It is designed to support
the low altitude test, orbital, circumlunar, and full lunar flights.

The major problems facing the design and development of the
LUNEX Payloads with reference to the Space [aunching System, concerns
the interface characteristics, trajectory considerations, and earth
launch facilities.

The present prime interface characteristics for the Manned and
Cargo Iunar Payloads are as follows:

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

(Measured from top of payload)

The Space Launching System 1s required to provide timely
launching capabilities for the Lunar Expedition as follows:

Payload
Weight Unmanned Manned
Pounds Trajectory Flight - Flight

20,000 300 mile orbit Aug 64 April 65
87,000 300 mile orbit Dec 65 - =
2k ,000 Escepe Velocity Dee 65  Aug 66
13k4,000 Escape Velocity July 66 Aug 67
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k.2 SUBSYSTEM DEVELOPMENT

The development of & manned lunar payload and a cargo
package requires the development of subsystems and applied
research in many technical areas. Studies have established
that the advances in performance in these technical areas can
be accomplished to meet the overall program schedules and that
no scientific breakthroughs are required. The important point
is that items requiring development be identified, that necessary
funds be allocated, and that effort be initiated without delay.
The following sections discuss major subsystem requirements,
present capabilities, and development required. Completed
studies conducted by the Air Force and industry have established
subsystem requirements in sufficient detail to outline develop-
ment programs which should be initiated immediately. FPresent
studies will refine these specifications further.

¥
)

L.2.1 RE-ENTRY VEHICLE
h.2.1.1

The manned re-entry vehicle is a eritical item in the
development of the manned payload packages. This vehicle must be
capable of returning from the moon and re-entering the earth's
atmosphere at earth escape velocity (37,000 ft/sec.). It must
also have the capability of supporting three men on a 10-day
round trip earth-moon mission. This mission would include boost
from earth, coasting in earth orbit, ballistic flight to the moon,
deboost and landing on the moon's surface, remaining on the moon
for one to five days, launch from the moon's surface, re-entering
the earth's atmosphere and landing at a pre-selected base on the
earth. Structural requirements imposed by inertial and pressure
loading during boost, abort, trajectory correction, landing, re-
entry, ground handling, and wind loading on the launch pad, have
been considered in analyzing desired vehicle characteristics.
These studies have also included the heating and its effect on
vehicle design as well as the effects of space and lunar environ-
ment including particles and radiation, meteorite penetration,
and hard vacuum. Present design studies have estimated the total
re-entry vehicle weight at 20,205 pounds. The weight breakdown
is as follows:

a. Body 7500
(1) Structure 3500
(2) Heat Shield 4000

b. Wing Group 2000
(1) structure 800
(2) Heat Shield 1200
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e¢. Control System 175

(1) Aercdynamic 600

(2) Attitude 175
d. Envirommental Control 1530

(1) Equipment Cooling 138

(2) Structure Cooling 940

(3) Cryogenic Storage ks2
€. Landing Gear T0O
f. Instruments & Displays 200
g. BElectric Pover System 600
h. Guidance & Navigation Loo
i. Communications 250
J. Furnishing & Equipment 850

(1) Seats & Restraints 225

(2) Decompression Chamber 175

(3) Equipment Compartment 300

(k) Miscellaneous 150
k. Life Support Loo
‘1. Crew (3 men) 800
m. Radietion 1200
. n. Abort System 3000

h.2.1.2

Present re-entry and recovery techniques are outgrowths
of the ballistic missile program utilizing ballistic re-entry
and parachute recovery. They are not compatible with the
velocities associated with re-entry from the moon, with con-
trolled landing, or with manned operation. Present engineering
data associeted with high speed re-entry is not adequate for
vehicle design.

k.2.1.3

A development-test program is required to obtain
generalized datse on re-entry phencmena and to test scale models
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of selected vehicle configurations so that final selection and
design of an optimum vehicle can be made. Concurrently with
this test program the projects within the applied research
program will be directed so as to carry ocut the following

investigations to provide necessary data for thc Lunex Re-entry
Vehicle Design.

4.2.1.3.1 AERODYNAMICS

(1) Study hypersonic-low density aerodynamics
including dissociation and ionization, non-equilibrium flow
phenomena, and the influence of radiation non-equilibrium on
vehicle aerodynamic and heat transfer characteristics.

(2) Initiate an extensive ground based facility
program directed at obtalining serodynemic and heat transfer
data up to Mach No. 25 (the maximum usesble available capebility).
These tests would include the G.E. hyrersonic shock tunnel in
the M = 18 - 25 range; (:oénell Aeronauticel Laboratory hypersonic
shock tunnel M = 12 - 18; Cornell Aeronautical Laboratory heated
hydrogen hypersonic shock tunnel at M - 20; AEDC tunnel "B",

"c", at M = 8 - 10; AEDC E-1 and E-2, M = 1.5 - 6; AEDC super-
sonic and subsonic facilities. This effort will be coordinated
with the Lunex Engineering Design program and the High-Speed
Re-entry test program.

(3) cCorrelation of wind tunnel tests in temms of
prediction of free-flight wvehicle performance characteristics
in order to provide correlation between ground tests facilities
and free-flight vehiecles.

. (4) complete vehicle static end dynsmic stebility
analysis.

(5) Investigate local critical heat tresnsfer problems
including those associated with flaps and fins. The use of re~-
action controls, in order to alleviate critical heasting ereas,
for vehicle stability and control, will be investigated.
4.2.1.3.2 MATERIALS

(1) Materiels Develotment

(a) Low conductivity plastic materisl develop-

ment.
(1) Uniformly distributed low conductivity.
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(2) Teiloring conductivity distribution
in paterial in order to obtain high ablation performance at
surface and low thermal conductivity in structure bond line.

(3) Develop materials with low ablative
temreratures.

() Investigate bonding of materiels to.
hot structure.

(b) Develop minimum shape change materials
for zerodynamic control surface and leading edge applications.
These meterials will include pyrolytic graphite, alloys of
pyrolytic graphite, and ceramics.

(2) Materials Analysis

(2) For selected materials above, develop
analytical model to predict ablation performance and insulation
thickness.

(b) Experimentally study material performesnce
unéer simulated flight environments with the use of high
enthalpy arc facilities (h/RT, = 700 to 800).

(e¢) Study the influence of space environment
on selected materials. This will include the influence of
vacuum, ultraviolet radiation, and high energy particles.
4.2.1.3.3 STRUCTURES

(1) Primary effort will be in the development of

load-bearing radiating structures. For this structure, the
following areas will be investigated.

(a) Thermal stress analysis and prediction.
(b) Dynamic buckling

(¢) sStrain gage applications to high tempera-
tures.

(d) Experimental simulation on large scale
structures of load temperature distribution, and history. The
WADD Structures facility would be the one most appropriate to

these tests.
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4.2 1.3.4 DYNAMICS

(1)
be undertaken.

speeds.

Analytical studies in the following areas should
(e) Unsteady aerodyhamic forces at hypersonic

(b) Aercelastic changes in structural loading

and eerodynamic stability derivatives.

4.2.1.4

(c) Flutter
(d) Servoelastic coupling with guidance system.
(e) Fatigue due to random loading.

(f) Transient dynemic loading.

Present projects within the Alr Force applied reseerch
program will be réviewed and reoriented or effort increased, as
aporopriate, to provide the necessary data. Projects which can
be used for this purpose are listed below:

6173 (u)
1315 (uv)
1368 (u)

1370 (U)
1395 (u)
6146 (U)
1309 (u)
6065 (u)

Study of Controlled Finel Deceleration Stages
for Recoverable Vehicles.

Bearings and Mechanical Control Systems for
Flight Vehicles.

Construction Techniques and Applications of
Néw Materials.

Dynemic Problems in‘Flight Vehicles.
Flight Vehicle Design.

Flight Vehicle Environmental Control.
Flight Vehicle Environmental Investigation.

Performance and Designed Deployeble Aero-
dynamic Decelerations
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4.2.1.5

In addition to the applied research efforts referred to
in Paragraph 4.2.1.4 an intensive study of re-entry vehicle
characteristics required for the lunex mission is being ac~
complished under project 7990 task 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 desirability of ablative and/or
radiation techniques for cooling will be determined.
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L.2.2 PROPULSION
h.2.2.1

The Manned Luner Payload requires a booster capable of
placing a 134,000 pound rackage at escape velocity on a select-
ed lunar trajectory. This booster development has been included
in the Space Launching System Pnckage Plan and its develoment
will be done for the Lunex program.

h.2.2.2

Propulsion systems for the Manned Lunar Peyload which will
be developed under this plan are those reguired for the following
operations:

Luner Landing
Luner Launch
Trajectory correction
Attitude contral
Abort

h.2.2.3

The Lanar Landing Stage must be capable of soft landing at
approximately 20 ft/sec. a 50,000 pound payload on the moon.
This payload consists of the Lunar Launching Stage and Lunex
Re-entry Vehicle. Preliminary design data from studies completed
to date show that the manned re-entry vehicle will weigh approxi-
mately 20,000 pounds and a launch stage of 30,000 pounds will be
required. Similar estimates for the Lunar Landing Stage indicate
that it will weigh 85,000 pounds. During lunar landing, if an
initial thrust to weight ratio of .45 is assumed as consistent
with the decelerdtion desired and time of deboost, an initial
retro thrust of 60,000 pounds is required. At final touchdown
on the moon, with all D v cancelled and assuming essentially all
deboost propellant consumed, aporoximately 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 axial component
of thrust. The requirements on the landing engine are for a
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 one with a
throttling range of 1.5 to 1. Assuming & thrust to weight ratio
of 1.5 (Moon weight) for the lunar Launch Stage, a 12,000 pound
thrust engine is required for lunar launch. An engine of the
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IR-115 type will meet these requirements with some development.
Minor development will be necessary if the range of throttle-
ability is 20 to 30%. If the range of thrust control is 50%
or greater, a more extensive program will be required.

h.2.2.4

In addition to the deboost and launch, it is necessary to
provide a trajectory and attitude control propulsion capability.
A velocity capability of 300 to 1200 ft/sec. will be required
for trajectory corrections during midcourse, lunar landing and
return. Attitude control will be required during lunar landing
and launch, and midcourse, with specific methods to be determined
by optimization studies during vehicle design. There do not
appear to be any major development problems to be overcome to
provide trajectory correction or attitude control capability

h.2.2.5

An sbort system to provide safe removal of the crew in
the event of failure before, or during launch must be developed.
A propulsion system with an extremely short reaction time is neces-
sary to insure safe crew removal.

L.2.2.6

Specific engine sizing, throttleability requirements,
propellant and oxidizer selectlion, nozzle type, etc., will be
determined upon completion of a preliminary design in which such
tradeoff comparisons as range of throttling versus use of vermiers
will be made and optimized selections made. Develomment work will
be initiated within present projects in the Air Force applied
research program to reise the level of technology in areas such
es throttleability. Projects which can be utilized for this
purpose are:

3085 (U) Iiquid Rocket Engine Technology

3148 (U) Development of Liquid and Solid Rocket
Propellants

6753 (U) Rocket Propulsion Subsystems
6950 (U) Propulsion Attitude Testing
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4.2.3 LIFE SUPPORT
4.2.3.1

The 1life support packege for the Manned Luner Payload
will be required to function for a minimum of 10 days. This
is based on the premise that a one-way trip to the moon will
require 24 days, and the stay on the lunar surface will be on
the order of 5 days. The lif'e support system must be capable
of supporting three men during high acceleration boost, approxl-
mately 24 days of weightlessness, one to five days of 1/6 earth
weight, 2} days of weightlessness, re-entry deceleration and
return to full earth gravity. At the seme time it must provide
a shirtsleeve cebin environment under the space and lunar
environments, including extreme temperature gra.d.lents, absence
of oxygen, radiation, etc.

.2.3.2

Studies of the life support system weight requirements
indicate that the life suvport package can be provided within
the weight allocation for the 20,000 pound Lunex Re=-entry
Vehicle. The life support system weight analysis was based on
chysiological experiments under simulated spece flight conditions
such as confinement, special diets, reduced pressure, etec. At
the rresent time approximately 65 to 70 percent of the knowledge
recuired to design the three man packsge is availlable. However,
to vbtein the additional data experimental laboratory and flight
testing is reguired. Most information is presently obtained by
piggyback testing aboerd experimental vehicles but to support
the Lunex program and to meet the desired schedules the BOSS
primate progrem must be initiated and adequately supported.

L.2.3.3

Most of the data availeble todasy consists of physiological
support (nutrition, breathing oxygen, pressure suits, and restraints
for limited periods), but there is a lack of knowledge on prolonged
welghtlessness and the bilological effects of exposure to prolonged
space radiations. The BOSS program initially will support a chimpan-
zee for periods up to 15 days and has been programmed to provide a
life support package of sufficient size and sophistication to
support & man. Thus, with the BOSS program the data will become
avallable so that the Lunex program can design and construct the
life support package as required for April 1965.
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Throughout this development all life support knowvledge and
techniques will be fully exploited. Techniques, learned in the
wvork with the Discoverer package were utilized in building the
Mercury package. In turn, experience and knowledge gained from
Mercury is being fully exploited in the development of the present
BOSS package.

L.2.3.4

k.2.3.5
The 1life support program (B0SS) is vital to meet the ob-
Jections of the Lunex program. However, other AFSC programs
must be considered for possible application to ILunex and the
following are now being evaluated:
6373 (U) Aerospace Life Support

7930 (U) Bio-Astronautics
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4.2.4 FLIGHT VEHICLE POWER
L.2.h.1

Electrical power will be required to operate the Lunex
Re-entry Vehicle subsystem such as life support, navigation
and guidance, instrumentation, and communications. The power
requirement for these subsystems has been analyzed and de-~
termined to se approximately 3 kv average during a ten-day
manned trip to the moon and return. Peak power requirements
vill be epproximately 6 kw.

b.2.4.2

Solar, nuclear, and chemical powered systems were eval-
uated against these requirements. While all of these systems
may be capable of meeting these requirements the chemically
povered systems have been selected for early adaptation into
the program. Specifically, fuel cells and turbines, or posi-
tive displacement engines appear to offer the most advantageous
solution. The finel selection will be mede during the final
re~entry vehicle design vhen a deteiled analysis of the trade-
offs between various available systems considering relative
welght, efficiency, reliability, and growth potential is
available. The optimum system may be & combination of fuel
cells and chemical dynamic systems wvith one system specifically
designed to supply peak demand. With this approach the system
to provide peak load capacity, will also nrovide backup powver
in the case of equipment malfunction during a large part of the
mission. A battery supply may be used to furnish emergency
power required for crew safety during critical periods in the
flight.

h.2.4.3

Present level of technology 1s such that a satisfactory
flight vehicle power system will be avallable when required for
the LUNEX mission. Additional development effort should be
initiated in certain specific syeas, such as a reliability
evaluation program for fuel cells and an investigation of the
problems of operating chemical dynamic systems in a zero "G"
environment.

Close coordination must also be maintained with the manager
of project 3145 (U) Energy Conversion, to insure the availability
of the required secondary power sources.
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4.2.5 GUIDANCE AND CONTROL SYSTEM
b.2.5.1

A study of the guidance and control requirements for
the lunar vehicle indicates that the mission can be accompli~-
shed by reasonable extensions of present state-of-the-art
equipment. The complete lunar vehicle guidance package should
be capeble of furnishing guidance and control during the follow-
ing phases of the lunar mission.

Ascent and Injection
Outbound Mid-course
Lunar Landing

Lunar Ascent

Inbound Mid-course
Earth Re-entry

Earth Landing

Present state-of-the-art equipment i1s capable of handling
portions of the guidence and control problem assoclated with
the mabove phases of flight. However, in order to obtain a com-
plete guidance and control system, it is felt that development
of the following items should be undertaken.

L4.2.5.2 IRERTIAL PLATFORM

Guidance requirements for both the manned and unmanned
vehicles can be met with the use of guldance concepts based on
the use of inertial and corrected inertial data in a combination
of explicit and perturbation computations of present and pre-
dicted trajectories. Consequently, an inertial platform con-
figuration suited to the space environment is needed. This
rlatform should be light in weight, highly reliable, and capable
of maintaining a space-fixed reference over a long interval of
time. Present gyroscopic devices and accelerometers are neither
accurate nor reliasble enough to sccomplish the space mission.

An inertial platform which holde great promise for use in lunar
missions is one utilizing electricaelly suspended gyros in con~-
Junction with advanced accelerometers capable of operating in
a space environment. Present electrically suspended gyros are
capable of operating with a drift rate of .0005 deg/hr/g, and
it is anticipated that by 1966, a drift rate of .000L deg/hr/g
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will be attainable. Also, no difficulties are foreseen in
maintaining suspension of the rotating member in an acceler-
ation field of 15 g's with 30 g's being possible. Development
of a small inertial platform utilizing eleectrically suspended
gyros will be required for the lunar mission.

4.2.5.3 STAR TRACKER

In order to increase the reliability and the accuracy
of the inertial platform, a compact star tracker for use with
the platform during the outbound and inbound mid-course phases
of the lunar flight is desired. Also, the star tracker should
be capable of operating in & lunar environment so that it can
be used for stellar alighment during the lunar launch portion
of the mission. The accuracy of present solid state star trackers
is approximately 10 seconds of arc and their weight is approx-
mately 15 pounds. However, these trackers are untested in a
space environment and must be developed for the lunar mission
and for use with the small inertial platform. In particuler,
the star tracker mnst be capable of furnishing accurate stellar
alighment information to the ipertial platform during the lunar
ascent portion of the mission. If it is possible to develop a
controllable thrust engine in time to meet the launch schedule,
the boost and injection guidance problem for the lunar ascent
will be simplified as it will be possible to time-control a
predetermined velocity path. This development could possibly
reduce the accuracy reguirement of the star tracker.

k.2.5.4 1ONG BASELINE RADIO NAVIGATION

Since manned as well as unmanned flights are planned fox
the lunar mission, it is necessary to have a navigation system
to back-up the inertial system and to increase the over-all
accuracy of the guidance and control techniques. Long baseline
radio/radar tracking and guldance techniques’ offer great possi-
bilities for tracking and guiding vehicles in cislunar space.
Present studies show that there are a number of problems yet
to be solved to give the long baseline radio navigation technigue
the desired accuracy. Among these problems are 1) the accuracy
wvith which coordinates can be determined for each tracking
station, 2) the accuracy with which corrections can be made for
tropospheric and ionospheric propagation effects on the system
measurements, and 3) the accuracy with which "clocks" can be
synchronized at the several stations. Reasonable extensions
of the state-of-the-art should be able to overcome these
problems however, and it is felt thet the development of a
long baseline ru:dio navigntion system will be necessary for
the lunar mission.
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4.2.5.5 DOPPLER RADAR

Anticipation that rasdio beacons will be in place on the
lunar surface has somevhat simplified the lunar landing phase of
the mission. The use of mid-course guidance will ensble the
vehicle to approach the moon within line-of-sight of at least
one of the radio beacons, and the beacon can be utilized for
the approach phase of the lunar landing. However, for finsal
vertical velocity measurement, a sensing technique particularly
sensitive to small velocity changes 1s required. A small CW
doppler radar is ideally suited for this requirement. Therefore
develomment of a small, reliable doppler radar which can operate
in the lunar environment is needed. In order to decrease the
powver requirement for the radar it should not be required to
operate at a range of over 300 miles.

4.2.5.6 RE-ENTRY GUIDANCE

Major emphesis must be placed on the guidance require-
ments for the re-entry phase of the lunar mission. Position,
velocity, and attitude can be measured by the inertial system,
however, other measurements initially required will be tempera-
ture, temperature rate, structural loading and air density.
Extensive further study ie needed to define these measurements
with any accuracy. Eerly earth return equipment should furnish
the data necessary to develop the required re-entry guidance
package for the lunar mission.

k.2.5.7 ADAPTIVE AUTOPILOT

The control of the re-entry vehicle will require an
adaptive autopilot due to the wide variation in surface effective-
ness. Adaptive autopllots such as used in the X-15 are available,
but extensive development is needed to ready them for use in the
lunar mission.
k.2.5.8

The following projects or specific tasks within these

projects can be utilized to provide the development required
for the LINEX program.

Likk (U) cuidance and Sensing Techniques for Advanced
Vehicles

40165 (U) Data Conversion Techniques

50845 (U) Guidance Utilizing Stable Timing Oscilletors
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50899 (U) Molecular Amplification Techniques

4427 (U) Self-Contained Electramagnetic Techniques
for Space Navigation

4431 (U) Inertiel System Components
44169-IT (U) Space Adapted Celestial Tracking System

44169-111 (U) Milti-Headed Solid State Celestial
Tracker

L4169-1v (U) BSolid State Celestial Body Sensors
5201 (U) Inertial Systems Technique
5215 (U) Military Iunar Vehicle Guidance
50820 (U) Military Lunar Vehicle Guidance Systems
58821 (U) Military Lunar Vehicle Terminal Guidance
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4.2.6 COMPUTER
4.2.6.1

The United States has the ability to provide a suitable
camputer facility at the present time to support the LUNEX
mission. As the milestones in the program are realized and
requirements become more complex, the computer capability
will improve to meet these more stringent requirements.
Detalled studies on the specific needs of the missions,
time-phased, will be conducted to determine trade-offs
among possible techniques to insure that machine sophisti-
cation does not become an end unto itself. The following
guidelines providing adequate flexibility, have been followed
in arriving at the required development recommendations:

a. Manned vehicles will require extensive data re-
duction to give an operator real-time displey of the conditions
around him and solutions to problems such &8s, velocity and
attitude corrections, ete.

b. Sensor control (aiming and sampling rate) and data
processing will be accomplished on the vehicle either on
ground command, or by operator direction.

c. Mid-course and terminal guidance requirements will
make severe demands upon vehicle-borne computational systems.

d. Radistion hazards and effects which are unknown at
present could influence the technology that will be utilized
for lunar missions.

e. Emergency procedures must be available in the event that
the operators become incepacitated and incapable of returning
to earth at any time during the mission.

h.2.6.2

The Computer Capability can be expanded in two basic ways
by improved hardware, or new concepts. Examples of new approaches
which will be reviewed prior to selection of the final vehiele
design are the following:

a. Standardized computer functions incorporated into
modules so that they can be used to "build" the capdbility
each mission requires. Such a concept would allow a vehicle
designer to fabricate a computational facility without resorting
to extensive redesign and/or re-packaging. The modularized con-
cept noted above is particularly adapted to unmanned missions.
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b. For a manned mission two fixed programs could be
permanently placed in storage; these would be an overall
command, or executive routine to direct the sequences of
operation, mnd the other would be an emergency return-to-base
routine that could be actuated by the master copntrol. Thus
a 5-pound tape unit would replace a larger core memory and
provide a higher degree of flexdbility. The principal advantage
in this system is that the computer is general-purpose in design
and therefore useable on & large variety of missions and unneces-
sary cepabilities will not be carried on a particulsar mission.

c. An optimumized hybrid of analog and digital devices
combined to use the better features of each, i.e., speed of
problem solution from the analog and precision, flexibility,
and data reduction from the digital.

k.2.6.3

Substantial improvements in computer capability, develop-
ments, reliability, volume, weight, and power consumption will
be available for the LUNEX program by effort expended in the
folloving areas:

a. Core-rope memories to be used in fixed memory appli-
cations.

b. Functipnal molecular blocks. By 1963, the date of
earth orbit, it is expected that more than 80% of all computer
functions can be performed by this method. Advantages are
mumerous; high memory densities, extremely small size, mmall
weight and proper consumption.

¢. Self-healing, or adaptive programming techniques as
a means for back-up on component reliability.

d. Electroluminescent-photoconductive memory devices
should be considered for their radiation and magnetic invulner-
ability. In this regard, pneumatic bi-stable elements should
be considered for the same reason.

e. Photochranic storage devices have advantages in
high storage densities, 1 billion bits/cubic inch. Certain
applications, such as semi-permanent storage could benefit
from this feature.

4.2.6.4

The following projects in the Applied Research Area will
be utilized to obtain improvements in computer technology:

3176 (U) Space Borne Computation & Control Techniques
Lk21 (U) Dpigital Computation Methods & Techniques
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L.2.7 COMMUNICATIONS
h.2.7.1

The manned lunar mission will recuwire communications
channels between the vehicles and earth end on the lunar
surface for telemetry, T.V., voice, and vehicle control.
Specific system parameters will depend on the characteristics
of the ground tracking network and communications stations
which will be used to support the lunar missions.

h.2.7.2

There are no significant technicel problems associated
wvith the development of equiyment to perform the required
comunications operations. One exception to this general
statement is that during re-entry redio transmission may not
be possible at the lower frequencies utilized elsevhere in
the migsion because of the plasma shield set up by szerodynemic
heating. One possible solution may be to provide a separate
system operating at 10,000 mes for re-entry. Overall savings
in equipment weight, and power reguirements will result from
careful analysis and identification of requirements for infor-
mation transfer and meximum utilization of system components
in a dual role. This will be done during the vehicle design
phase. WYhile not a requirement for early missions the capabili-
ty o nrovide a secure communications link is desirable and will
be considered during final design of the commnications systems.
A secure camunicetions link will be a recuirement in lator
missions. Throughout all rhases, communlcations links eritical
to mission success should incorperate a high degree of rrotection
against natursl or man-made interference, or deliberate Jomning.

II-.2-7-3

The following Air Force rrojects will be reviewed end used
to provide the necrssiry results required for the Iunex mission:

4335 (U) #pplied Communiccotions Research for Air Force
Vehicles

4519 (U) Surface & Long Range Communications Techniques

5570 (U) Communications Sceurity Applied Research
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4.2.6 FNVIRONMENTAL DATA
h l-2 'B'l

Present knowledge of the lunar environment is excremely
limited end it is necessary to obtain deteiled information con-
cerning the lunar composition, subsurface structure, surface
characteristics, meteorite flux, level of solar wznd cosmic
radiation, and maognetic field. This Jmowledge is required to
design the ejuipments for the Lunex program so that personnel
may be protected and the mission accomplished.

4,2.8.2

The importance of lunar composition in manned exploration
of the moon lies largely in the ability of the moon to provide
Tuel for vehicles and secondary power, as well as to supplement
life support systems with additional water, radiation shielding
materiel, and semi-permanent shelters. Of these lunar resources,
wvater appears to be of major importance both as a fuel and in
life support. Water will probably be vresent both as ice in
rermenently shadowed zones and as water of hydration in certain
minerals such as serventine.

4.2.8.3

Present knowledge of lunar composition is almost entirely
theoretical. The relatively low lunar density (3.3%) indicates
low metal content. By analogy with the compositions of meteor-
ites it is generelly assumed that the moon is composed of chon-
dritic (stony meteorite) materiel. That this essumption is only
partially valid is demonstraoted by the fect that chondritic

. meteorites would have to losc about 10% of their iron content.
in order to attain this lunsr density.

4.2.8.4

The Air Force and NASA are presently trying to determine th
lunar composition indirectly through study of tektites, vhich may
be fragments of the moon, and through study of micrometeoritic
dust captured above the atmosphere. (Air Force efforts are
funded under Project 7698).

4.2.8.5

The Air Force is trying to determine the lunar composition
directly by means of spectrometriec analysis of the natural X-ray
fluorescence of the moon due to the bombardment of the lunar
surface by solar radiation. The first knowledge of lunar compos-
ition is anticipated in March of 1962. (This work is also funded
under Project 7698).

WDLAR-S-L58
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4.2.8.6

NASA intends to measure the lunar composition directly
by mesns of its Surveyor lunar probe nov scheduled for mid 1963.

%.2.8.7

Neither Air Force measurements of overall lunar composition,
nor NASA measurements of spot compositions will satisfy the
requirement for location of lunar resources. The NASA Prospector
vehicle scheduled for 1966 will obtain more widespread data,
but what is urgently needed is detailed knowledge of the vari-
ation of lunar composition over the whole surface. This can
only be accomplished by a lunar orbiting vehicle with a priate
instrumentation. NASA presently hes this planned for 1 and
the approoriateness of their instrumentation remains in doubt.
Also this is too lnte to meet the requirements of the LUNEX
Program.

k.2.8.8

The importance of lunar subsurface structure in exploration
of the moon lies largely in a possible collapse hazard under
vehicles cnd personnel, and in the possibility of utilizing:
subzurface structures as shelters and storage facilities.

Present imowledge of lunar subsurface structure is based
on & theoreticol extrapoletion from the presumed origin of the
surface features. The mojority of lunar geoclogists believe that
lunar craters were formed by means of the impact of large meteor-
ites, and that only limited volcanism has occurred in the lunar
highlends. The maria, on the other hand, are thought to be giant
lava pools; although the melting is assumed to have been triggered
by esteroidal impact.

Based on these theories of origin for the lunar surface
features, it is thought that the subsurface structure of the lunar
highlands will coneist largely of overlapping layers of debris
eJected from the impact cratera. The collapse hazard of such
material is negligible. The maria should be covered by no more
than 40 feet of vesicular (bubble filled) lava, with maximum
vesicle (bubble) size about six feet in diameter. Such terrain
could present a collapse hazard, the severity of which will
depend upon actual (rather than maximum) vesicle size.

It should be noted, however, that a rival theory for the
origin of lunar craters holds that they were produced by volcanism
8s calderas. Should this theory be correct, the collapse hazard
in the highlands would probably exceed that on the maria.
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In order to determine the lunar subsurface structure, it
is necessary to place instruments on the moon. Thus, the Air
Force, although contributing theoretical evaluations as described
above (under Project 7698), hes no program for directly determin-
ing lunar subsurface structure. NASA plans to place seismometers
and a coring instrument in the Surveyor vehicle in mid-1963 to
determine these parameters. Again, point measurements are not
sufficient, and geophysical instrumentation adequate for de-
termining subsurface structure from the lunar orbiting vehicle
(1965) should be developed.

4.2.8.9

The importance of lunar surface characteristics lies in
their critical importance in design of both rocket and surface
vehicles and in lunar navigation. Critical surface characteri-
sties include gross topography, microtopography and the nature
of the lunar dust. Of these characteristics, lmovledge of
gross topography will be important in overall rocket design
and in design and operation of rocket landing and navigational
equipment. The microtopography (relief less than 20 feet) will
be important in the design of rocket landing equipment and the
vehicle for surface exploration. The nature of the surface
dust will be most important in design of the vehicle for surface
exploration.

Present knovledge of gross topography shows that slopes
are generally gentle, and topographic profile have been dater-
mined over a limited amount of terrain. Present lmowledge of
microtopography is very limited. Redar returns, once thought
reliable indicators of low microrelief, are now considered by
most space scientists to be so poorly understood that conclusions
may not be drawn from them. FPhotometric data appears to indicate
a rather rough surface, but this data is also subject to more
than one interpretation. Present knowledge of the nature of
the lunar dust is entirely theoretical. The leading school of
thought holds that the dust is compacted and sintered. An
opposing school holds that the dust bears an electrostatic
charge. Should the dust bear an electrostatic charge, it would
be very loose and probably subject to migration. The hazard
to surface vehicles and even personnel is apparent.

Gross lunar topography on the visible face is presently
being mapped by the Aeronautical Chart and Information Center
based on techniques developed under Project 8602. Maxdmm
resolution is about 1/3 mile, and average resolution is sbout
one mile. Higher resolution photography and photography of the
back side of the moon will be obtained by the lunar orbiting
vehicle planned by NASA for 1965. A cooperative effort by ACIC
and NASA is presently envisioned to produce the necessary topo-=
graphic lunar nhart.s.l'_ 29
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Microtopography is being studied by the Army Corps of
Engineers through redar experiments. (The Air Force work is
being done on the Millstone radsr equipment) The nature of
the lunar dust is being studied primarily by the Air Force
under Projects 7698 and 8602 by means of radicmetric studies
from high altitude unmanned balloons and results are antici-
pated early 1962. NASA enticipates obtaining at least partial
data on the nature of the dust from Surveyor (mid 1963) by
television observation of the lunar surface and by the landing
characteristics of the vehicle.

4.2.8.10

The meteorite flux and level of solar and cosmic radiation
near the lunar surface sre important for the survival of personnel
either on the lunar surface or in vehicles and shelters.

Fresent Imowledge of these parameters i1s fairly precice
as a result of satellite and cdeep space probe experiments by
NASA and the Air Force. Only the radiation environment within
the first few meters of the luner surface is still speculative
as a result of uncertainties in our knowledge of the interaction
of solar and cosmic radiation with the lunar surface materials.
It seems likely that a cloud of ions will be produced by radiation
bombardment as well as secondary X-rays. The density of the
electron cloud is unknown, end may be critical for lunar communi-
cations.

The Alr Force is studying the lunar and cislunar radiation
environment under Projects 6687, 6688, 7601, 7649, and 7663 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 enviromment at the lunar surface.

h-E-B-ll

The lunar magnetic field may be important to space and
lunar surface navigation, and in its effects on ionized lunar
materials.

The Ruesian Lunik II indicated that the lunar magnetic
field must be very small. The Russians were not clesr on how
small, but it is generally thought that the moon does not possess
a magnetic field. Thus, all magnetic effects should be derived
from the very low intensity interplanetary field end magnetic
fields, “frozen" into soler plasmas.
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SECRET

The fir Force is studying the interplanetary magnetic
field under Project 7601. NASA should be able to determine
the field near the lunar surface by means of the Ranger vehi-
cle during 1962, and the field at the surface by means of
Surveyor (mid-1963).

15.2.3.12

Two facts are apparent from a study of the drta outlined
above. Firct, one Air Force project (7698), which was funded
for cnly 250K in 1962 and 300K in 1963 is responsible for most
of the research on the lunar environment. More funds are re-
quired for a speed-up in this program. Second, many critical
experiments are tied to the NASA lunar orbiting vehicle, which
has not been considered a very important vehicle by NASA.

This program is essential to the LUNEX and should be speeded
up and planned more carefully.

4.2.8.13

Effort on Air Force Project 7698 will be increased sub-
stantially to imsure that data necessary for the LUNEX mission
is available. A close working relationship will be esteblished
with NASA to provide, if possible, the inclusion of Air Foree
requirements in their planning for luner programs bnth as
:reg:lrds to objectives mand scheduling.
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L.2.9 MATERIALS

4.2.9.1 The Lunar expedition imposes rigid requirements
on materials to maintein their characteristics while subject to
radiation, vacuum, temperature extremes, and meteorites. This
problem mist be considered by the individual subsystem design.
It is intended to point ocut here the overall material problem
and programs which will contribute’to its solution.

L,2.9.2 The absence of an atmosphere on the moon increases
the radiative flux (particle and electromagnetic) from the sun
and as such potentially increases the possibility of damage to
man and light-weight plastic structures through the formation
of free radicals and subsequent depolymerization. The need for
light-weight shielding is apparent. The vacuum conditions of
the moon would aggrevate the problems associated with moderately
volatile constituents of plasties, lubricants, ete. For
instence, the relatively volatile plasticizers 1in a plastic
material could evaporate and interfere with the plastic
function. Finally. the results of impact of micrometeorites
on structural materials mist be determined. All desirable
properties must be acquired without penslty of welght. Im
addition to the problems encountered on the Moon, similar
problems are encountered while in transit. In particular the
hecting encountered on re-entry into the earth's atmosphere
at 37,000 feet per second presents a2 severe material problem.

L.2.9.3 Some of the specific material requirements
that can be identified are:

a. Iubricants thet will function for long periods of
time in a vacuwn and temperature conditions such as exist in
the moon.

b. Materials that will not sublimate in a vacuum at
moon temperature.

c¢. Light-weight shielding material sgainst meteorites.
‘d. . Light-weight radiation shielding.
e. Shock-absorbing material that will function at

330°F.
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f. Coatings that will resist radiation, especially
during periods of solar flares.

g- Glues and adhesives that will function with lunar
materials.

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

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

7391 (U) Energy Transmission Fluids.

L.2.9.5 While work in the basic research program cannot
be counted on to provide technical break through within the
time schedule of the LUNEX program, materisls study of this
type will be monitored so that all technical advances can be
integrated into the LUNEX program. Specific examples of
projects of this type are:

8806 (U) Research on Materials at High Temperature.
7022 (U) Surface and Interface Phenomena of Matter.

9760 (U) Research in Properties of Matter.
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L.3 TEST PIAN

The development and production of the equipments for the Lunar
Expedition will require a concurrent and detalled test program.

The test program will be cerried out on the bssis of research
tests to estzblish design criterin, materials, tests; component
tests and finally, a progressive series of tests ms components are
assembled into subsystemc and major systems and structures. Inte-
gration tests for flight suitability will be conducted for all
functioning systems and the complete vehicle. Fayload effects on
the booster structure will be determined with & simulated payload.
Subsequently, a flight-type payload will be used to demonstrate
booster-payload system compatibility, reliability, crew safety,
and mission performance.

Emphasis will be placed early in the program on research tests
to derive basic design criteria, define the confipgurction and de-
termine aerodynamic paremeters.

Tests are to be run at progressively higher levels as the cdesign
evolves. Thus, entire subsystems, combined subsystems and complex
mejor structures are to be subjected to evaluation tests as neccessury
to investigate component end subsystem interactions, or to prove out
camplex structural designs.

A captive-test-vehicle firing zrogrem will be the culmination
of ground development testing. The over-all objective of the captive-
Tiring program is to demonstrate -utisfactory integrction of the
propulsion system with other vehiclz systems that have an interface,
direct or indirect, with the prorulsion system. The early trstc
will be conducted in a simulated vehicle with the eirbarne vchicle
systems installed on & heavy-wall propellant tenk section. fThe
tanks will be supported by & test stond structure vhich will alen
restrain the tenks against propulsion system thruct for-cu. For
final testing a flight-type configuration will be usz-d f‘urlng
captive tests.

Flight testing of the High-Speed Re-entry Tact Vehicle, th-
Abort System and Orbital, Circumluner end unmennsd Tuaner [znling
and Return Vehieles will complete the develorment progrem.

k,3.1 TEST CATEGORIES
L.3.1.1 RESEARCH TESTS

Tests will be run in eprrovriate research laboratorics
to define basic design criteris in &t leusst the following techniz:l

areas:
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a. Propulsion

b. Heat transfer

¢. Aerodynamic forces and pressures

d. Materials

e. Statiecs (structures)
4L.3.1.1.1 Propulsion Tests--Wind and vacuum tunnel tests will be
conducted to investigate the problems of multiple re-start in =
vacuum environment, to develop throttleable techniques, to de-
termine lunar landing problems, end to determine the desirabllity
of using the same engines for lunar landing and lunar launching.

Tests will be mede to evoluate the propulsion stage for

the circumlunar flights and to determine the capability of the abort
propulsion system to accamplish its objective.

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

a. Optimum meterial thicknesses and weight

b. The amount of liquid hydrogen boiloffl

¢. The air leakage through seals

d. The airload effect on structural integrity

e. The thermal bowing of insuletion panels

f. The separation distance between panel and tank skin

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

Heat transfer characteristics for selected materials,
structures, and surfaces will be required to supvort the engineering
design.
4.3.1.1.3 Aerodynamic Force and Pressure Wind-Tunnel Tests--Wind-
tunnel model tests of the launch vehicle and payload configuration

vill be required to accurately determine the aerodynemic forces
and moments imposed on the vehicle during the boost trajectory.
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These tests vill provide data for determination of structural design
criteria, aerodynsmic stability and control perameters, and the per-
formance penalty incurred by =sercdynamic drag. The test program will
inelude both force and pressure measurements through the flight Mach
number range for which these effects are significant.

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

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

L.3.1.1.4 Material Tests--A materials development test program will
be undertaken to determine the allowable design strength values and
provide design information on the selected structural materials over
the appropriate temperature renges for the base metals, ablative
surfaces, and welded Joints. Particular emphasis will be placed on
tendency towvard brittle frocture under service conditions and in
selecting materials for re-entry at 37,000 :E'tfsec. The testing program
will consist of at least the following:

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

b. £ftatic tensile tests of welded joints, both fusion~
znd recistance-welded, for the selected Jjoint confipuration for each
type of ghert material.

c. Smooth and notched static tensile tests of the selected
exirusion r=nd forgin.E materials.

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

c. Tow-cycle, high stress fatigue tests of welded Joints
made by the fusion snd resistance methods for the selected joint con-
Tigurations in sheet materials.

This data will be accumnlated for the appropriate temperature
renges, l.e., from elevated re-entry temperatures to the cryogenic
temperntures in the tanks, as dictated by the projected environmantal
requirements. In addition, supporting tests such as metallographic
evaminations and chemical composition determinations will be made as
rezuired.
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4.2.1.1.5 Static Tests--The static-test program will include
design and structural substantiation testing to demonstrate
structural integrity of the Manned Lunar and Cargo Payloads.

Structural substantiation testing to design loads and
temperntures will be accomplished on a full-size stub tank, identi-
cal (except for length) to the Lunar Landing Stage tank. This
will ensure that load iatroduction and takeout will be representative
of the flight article.

Cne complete interstage adapter will be tested to ultimate
decign loads under sppropriate environmental conditions. The adapter
will be ettached to a ctub tank identical to the Lunar Launching
Stege tank section in every respect except length, to ensure realistic
loed introduction and takeout.

A studb tank will also be used to demonstrate the integrity
of the Juner Leunch Stage tank construction under design loads and
environments. Methods of introducing the payload vehicle loads into
the edapter section end thus the Lunar Launch Stage tanks will be
determined.

Tests will also be run on full-size tank bulkheads.
These will be attached to & segment of typlcal tank structure,
adeguate to allow the bulkhead behavior to be representative of
that of the flight art.iele under design conditions. These bulkheads
will be tested to ultimate design loads to ensure their structural
reliability at all points within the flight regime.

Ground hendling equipment tests will cover critical
Tittings end Joints for structural substantiation of these items
under design conditions.

k.3.2 DESIGN EVALUATION TESTS

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

Qualification testing is defined as those formal tests per-
formed on flight-type herdware to demonstirate compliance with design
specifications. A qualification test plan will be prepared approxi-
motely 90 days after engineering go-shead outlining the qualification
test conditions. The qualification tests are to be performed in
strict accordance with written and approved detailed test procedures,
and vitnessed by the Adr Force, or an approved representative.
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The vehicle contractors test labnraturies will conduct these tests,
or subcontract and supervise them at an independent testing agency.

Camponents to be tested will be determined during the engineerins
design effort.

Coatrolled environmental conditions will simulate conditions
that airborne and ground support equipment are expected to experience
during manufacturing, shipping, storage, preflight and flight.

Envirommental testing conditions will be established based
on data already obtained in research and development programs on
large rocket-powvered vehicles and associated support equipment.
Conditions for shipping, storage and handling environmental tests
are established in current military and commercial specifications.
Subsystem, combined subsystems, and structural evaluation tests
will be run in appropriate laboratory facilities to investigate
component and subsystem interactions, and to prove out structural
designs. Acceptance test procedures will also be developed for use
in the factory on deliversble hardware.

A test plan describing the basic conditions and test cbjectives
of each factory system test, along with the checkout parameters and
recorded evaluation data, will be prepared.

A final acceptance test will be required .t the time the con-
tractor delivers the vehicle to the Air Force. Test conditions will
be as close to the flight conditions as is feasible and safe. All
systems will be energized and operated simmltaneously. °

A final acceptance test evaluation document will be prepared
for use by the Air Force and the contractor in determining compliance
with test requirements.

Systems acceptance test procedures will be based on all eritical
parameters required to determine proper functioning of esch system in
accordance with design specifications and drawings. This will assure
& coordinated effort of vehicle design, test equipment design and
factory acceptance testing.

Lk.3.3 FLIGHT TESTING

The LUNEX flight test program represents a long and expensive
effort leading to the first manned landing on the moon. It requires
basic research flights, equipment checkout flights, capability
demonstration flights and finally the manned and cargo ILunar Expedi-
tion flights. This type of effort can only be achieved efficiently
and at a minimum cost if the end objective is always clear and the
program is designed to meet this objective.
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The Lunar Expedition flight test progrem will provide
many side, but important space capabilities. For example: in
April 1965 the first orbital flight capability in a true space
vehicle will be possible; in September 1966, mesn will make his
first flight oround the moon in a fully mancuverable and recoverable
re-entry vehicle; and in August 1967 the first man will land on the
moon. Essentially these can all be called test flights, but in
each case the system is only at the beginning of its cecpability
instead of being a desd-end item. Each of thece capabilities may
readily be expanded to provide a military carebility if necessary.

The flight test vrogram is summorized on the Lunar Expedition
Test Schedule. The following major objectives will be accomplished
in the indicated pert of the test progrem.

4.3.3.1 HIGH-SPEED RE-ENTRY FLICHT T2sT

Since present wind-<tunnel cepabilities ere limited to
approximately 18,000 ft/ses., it is necessery to verform re-entry
flight testing at velocities that range from 25,000 tc 45,000 ft/sec.
The major objectives of this test progrem ere to:

a. Verify or disorove opresent theories on besic re-entry
techniques as extrapolated to the stated velocity range.

b. Determine problem areas and develop new fundemental
theory, numerical procedures aznd testing technisues where recuired
for this re-entry range.

c¢. Identify the following:

(1) Items that can be investipgat=d further on a
laboratory scale.

(2) sSpecific lsboratory fecility rezuirvnents.
(3) Additional flight tests thet must be rerformed.

d. Support the engineering design progrem for the LUNFY
by providing the above data end special shepe testing 1f roguired.

4.3.3.2 LUNEX RE-ENTRY VEHICLE FLIGHT T2ST

The ILunex Re-entry Vehicle will be flight tected by
various techniogues and in verying environments. Hech tect will
be designed to allow the vehicle to troceed to the next more
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difficult step. The major testing steps are presented below with
the major test objectives for each step.

a. Prototype Drop Test

Prototype vehicles will be drop tested from a B-52,
or equivalent, in both en unmanned and & manned series of tests.
Each series will be designed to:

(1) BEstablish landing characteristics.

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

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

(4) Train LUNEX Crews.
b. Orbital Test:
Maydmoa use will be made of SAINT orbital test infor-

mation and unmanned and manned flights will be accamplished. These
tests will demonstrate:

(1) The capability of the Lunex Re-cntry Vehicle to
operate in the orbital area.

(2) Re-entry capability at velocities of 25,000 ft/sec.

(3) The maneuverability of the re-entry vehicle and
its capability to land at a preselected earth base.

¢. Circumlunar Test

This flight will use the Circumlunar Propulsion Stage
and the Iunex Re-entry Vehicle. The major test objectives are

(1) To send an unmanned and then a manned vehicle
around the moon and return for an earth landing at a selected base.

(2) To check out giidence, flight control, communi-
cations and life support sub-systems in a true space environment
prior to landing on the lunar surface.

(3) To perform manned reconnaissance of the lunar

surface.
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d. Iunar landing and Return

The ummanned vehicle flights will check out the Manned
Re-entry Vehicle and related systems to provide a completely auto-
matic system before man first tries the most difficult step in the
LUNEX program. The major test objectives for these flights will be
to: 2 .

(1) Ccheck out the Iunar Ianding and Lonar Launching
Stages.

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

(3) Place three men on the lunar surfece so that the

initial surface reconnaissance can be accomplished prior to the
arrival of the Iunar Expedition.

4.3.3.3 LUNAR IAUNCH STAGE FLIGHT TEST

The Lunay Launch Stage will be initially checked under
orbital conditions to:

a. Demonstrate space enviromment operatiom.

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

: ¢. Demonstrate automatic checkout, communications, and
remote control capability.

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

The Ianar Landing Stage will be initially checked out by
drop testing. - These tests will:

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

b. Evaluate the effects of unexpected terrain variation.

c. Determine the effects of malfunctioning equimment
during the landing maneuver.
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d. Evaluate the effcets of engine blast on landing
surfaces similar to the predicted lunar surface.

The ILunar Landing Stage will receilve its first space
evaluation in orbit. The major objectives are:

a. Correlate drop-test data with orbital or space
operations.

b. To determine the effects of space environment on the
stage. .
The first ILunar Landing with the Lunar Landing Stage will
be accomplished with a cargo package as the payload. When this has
been completed & Iuanex Re-entry Vehicle will be landed unmenned.
The test objectives are to:

a. Demonstrate the feasibility of lending lorge cargo
packages on the lunar surface.

b. Demonstrate the feasibillity of automatically lending
& "manned vehicle" while unmanned.

c. Provide a man-rated system for the Lunsr Expedition.
4.3.3.5 CARGO PACKAGE CONFIGURATION FLIGHT TEST

: Various configurations for the Cargo Packoge of the Lunex
Cargo Payload will be tested. The objectives are to:

a. Determine the Cargo Payload aerodynemic characteristics.

b. Demonstrate that the Cargo Packages can be delivered
vwhere desired on the Lunar surface.

k.3.3.6 ABCRT SYSTEM FLIGHT TEST

The fact that a system of this magnitude muist possess some
measure of "unreliability" is recognized and a "fail safe" abort
system 15 required to insure the survivability of the crew. The
test oblectives for the Abort System Flight Test Frogram are to:

a. Demonstrate that crew members in the manned Lunex
Re-entry Vehicle can be recovered safely in the event of & me=lfunction.

b. Demonstrate that the Space Launch System is capable of
shut-down, or thrust vector change, so that crew abort is possible.
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4.3.4 CHECKOUT AND TEST EQUIPMENT

The test equipment will be fully automatic with cuantitative
readout capability for all critical functions. The Lunex checkout
equipment will be the seme, or compatible with the Space Launching
System checkout equipment. The equirment will be carable of checking
out the complete booster and payload system as well as any individual,
or isolated component, or subsystem. It shall be fully capable of
checkout of any one stage, or the re-entry vehicle, as an isolated
unit, and vill mate with the stage interface functions and furnish
appropriate operational or similated error inputs to the stage
systems.

For the time period of interest, it is entirely practical to
incorporate malfunction prediction capabllity for preventative mzinte-
nance. This will entail a 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 failure.values, or characteristics and will forecast
the remaining service life of the system under test.

The checkout equipment shall be installed in each blockhouse
and it may be used in conjunction with the launch erea. This same
equipment shall be utilized in the vehicle manufacturing checkout
and test functions, as well as in the launch complex, receiving,
inspection, and maintenance facilities.

The blockhouse equipment will monitor the launch control system
commands and inputs as well as those of the payload. Because the
launch control equipment will display only go/no-go signals, the
checkout and test system will furnish quantitative displsys of any
Tunction undey question for human appraisal and decision.

¥hen the systems are flown unmanned and on the early manned
lunar flights it will be necessary to provide automatic checkout
where appropriate via a telemetry link. As an example, rrior and
dm‘inglunﬁrlmchthncheckoutmceﬂnnnvﬂlbemimredn
the earth control station via the telemetry link. -
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k.4 PRODUCTION PLAN

At the present time= a detailed Production Flan is not
available. However, thee present prelimipary design study will
be completed on 30 June 1961 and the final report to be
provided by six independient contractors will include their
proposed Production Plaoom. When the study results have been
evaluated a Production Flan for the Iupar Expedition will be
prepared.

Several points are= apparent at this time and they are
presented for completenssss in this plan.

b.b.1 QUANTITY

Limited quantitiess of early equipments will be required
until the test program improves and increases the capability
of each item and producttion quantities become possible. Thus,
as development and testiing proceeds the equipments will became
more standardized and prroduction techniques will become more
spplicable. When the IDunar Ianding and Return flights are
initiated it will be nescessary to launch vehicles at rates
that vary from one to two lights per month. When the Iunar
Expedition is actually wminderway the launch rate will remain
at a rate of two per mommnth for an extended period. Considering
the size, weight, compli=xity and importance of these vehicles
this represents productiion rates even when compared to past
aircraft or missile promiuction programs.

k. h,2 QUALITY

The inherent relimsbility of the systems required for the
Iunar Expedition progrzam will be maximized by good design
practice. Reliability “testing represents a major effort of
the test program, but tthe achieved reliability of these systems
can only be maintained ciuring production by an excellent
quality control program. This means that good organization,
adequate manning and esarly recognition of the quality control
problem is essential. @lose coordimation is required between
the quality control perssonnel and the reliability personnel
in the design, develooment, and test program if the reliability

program and the test results are to provide the proper
guidance so that qualiify can be maintained throughout the
production effart.
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4.4.3 LOCATION

It 1s anticivated that most of the major systems and
sub-systems can be mamifactured at facilities, or locations
presently in existence and available to the aerospace industry.
However, the posaibility does exist that certain items, such
2s the first stoge solid propellant stage, may be mamfactured
et the [unar Launch Complex due to its size and transportation
limitntions. These particular items hove not been specified
at this time, but this will be done as soon as possible.
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5. BUDGET AND FINANCIAL
5.0 INTRODUCTION

The funding estimates for the Lunar Expedition Progrem are
based on results obtained from previous concept, feesibility, end
preliminary design studies. These results wére published in the
Lunar Observatory Final Report, Volume I - Study Summery ond
Program Plan, numbered AFBMD TR 60-kL and dated April 1960. 'The
costing of this program was accomplished by the Rand Corvoration
and was based on a campletely integrated program.

The funding estimates for the lunar Expedition represent
all the costs of establishing a habitable facility on the moon
except the cost of developing the Space Launching System.

This funding would include & Lunar Transport Vehicle de-
velopment program that would give the U.5. the capability of
using the moon and space. Then if the need should develop in the
future, the Lunar Expedition Facility could be expended to support
military operations. Studies have shown that the moon possesses
real military potential and it could support & recallable deterrent
capability. The development of the Luner Transport Vehicle repre-
sents & minimum program for the Air Force to obtein control of the
cislunar volume and the lunar surface.

5.1 BUDGET ESTIMATE AND FINANCIAL PLAN

A prelimincry design for the Lunar Transport Yehicle is
presently being accomplished by six contrectors on en active
study program. This program was funded for 300,000 in FY 61
and three of the contrectors ere each performing the design
under a {100,000 contract. The other three contractors ere
participating on a voluntary basis. The finel reports for this.
preliminary design will be submitted to the SSD on 30 June 1961.
Evaluetion of these reports will follow immediately and ‘the results
will be used to revise this document where necessary The LUNEX
program has en Engineering Design competition scheduled for initi-
ation in January 1962. This competitive effort would be evaluated
and & decision on the manufacturing approach would be possible by
Jenuary 1963. To accomplish this program the following funds will
be required:

Year FY-62 FY-63
$ 26.9 112.2

Should the above funds not be made aveilable, the schedule for
establishing the Lunar Expedition will be delayed praportianally to

the delay in funding.
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The funding requirements for the complete LUNEX Program are as
follovs:

5.2 COST ESTIMATES

F.Y. COSTS (In millions)
L1962 2963 2964 1965 2966 1967 1968 1969 1970 1971

R&D |26.9 104 35E 660| 1084 1608 : .|
Launch Facilities : B; 64l 6L : : ﬁ'
Expedition Costs | . . __‘1135]1023' 798 63
Aumal Total  |26.9, 112 gqg'r 724] 2084) 1608 1135( 1023 198_631 :
Program Total o |

To accomplish the LUNEX Program, additional information about the
lunar surface is required at an early date. This means lunar surface
photographs from a lunar orbiting vehicle and the delivery of a radio-
light beacon to the lunar surface by a soft landing vehicle. Present
MASA programs will provide some information and capability. However,
to meet the LUNEX program schedule, the following additional funding
will be required by either the NASA or the Air Force:

_Unmanned Vehicles F.Y. COSTS (In millions)

1961 1962 1963 1964 1965 1966 1961
Lunar Photographs and 1

I L i
Radio-Light Beacon |15 !75 g5 lis | ! |

! H ! ]

I
Recovery of Lunar . - i :
Core Sample _ 12 135 85 285 1265 ; 85 I 2u

ARNUAL TOTALS ' o7 ‘0] 175 300 265 G 85 | @
5.6
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5.3 FY 62, 63 FINANCIAL PLAN
$ In Thousands

FY-62 FY-63
MANNED LUNAR PAYLOAD
Lunex Re-entry Design & Mockup 16,000 80,000
(2 cont'r, 8 M ea)
Lunar Landing Stage 2,000 10,000
(2 cont'r, 1 M ea)
Lunar Launching Stage 2,000 10,000
(2 cont'r, 1 M ea)
SECONDARY POWER
Manned Vehicle Power System 600 1,000
Surface Vehicle Power System 515 kw) 100 300
Nuclear Lunar Facility Power (300 kw) 1,000 1,500
(Spur Program Support)
GUIDANCE
Mid-course System 200 450
Lunar Terminal System 300 450
Lunar Ascent System 100 300
Earth Return System 200 500
LIFE SUPPORT
Crew Compartment Design koo 1,000
Ecological System 1,000 1,200
Moon Suit or Capsule 500 goo
COMMUNICATIONS & DATA HANDLING.
Manned Vehicle Video System Design Loo 1,000
Wide Band Moon-Earth Link Design 200 koo
Secure Narrow Band Link Study 100 300
Man-Man Lunar Surface 300 650
Materials and Resources
Re-entry; Materials Research 1,000 1,300
Lunar Natural Resource Dev. 500 1,000

26,900 112,150
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6. PROGRAM MANAGEMENT
6.0 MANAGEMENT FOCAL POINT

The focal point for management of the Lunar Expedition Frogram
will be & Lunex Program Office within the Space Systems Division,
AFSC. The Director of the Program Office will coordinate, integrate,
monitor and direct all activities of the Lunar Expedition Program.
Subordinate to the Director will be managers for major pearts of the
program. A tentative organizational chart for the Program Office
is shown in Figure 6-1.

6.1 RESPONSIBILITIES

8. The Earth Launch Complex Office will be responsible for the
civil engineering aspects of building up the earth launch base.
The immediate problem of this office will be a site selection
survey.

b. The Earth Launch Vehicle Office will be responsible for
all earth launch boosters required for this progrem.

¢. The Lunar lLanding and Launch Vehicles Office will be
responsible for all development and testing of the Lunar Landing
Stage and ILunar Launch Stage.

d. The Manned and Cargo Payloads Office will be responsible
for the development of the 3-man Iunex Re-entry Vehicle and the
Cargo Package. This will be one of the key offices in the entire
program since it will be concerned with such major technical areas
as life support equipment, re-entry problems, secondary power and
structures.

e. The Commnications and Data Handling Office will be
responsible for establishing the commnications network and
centralized data handiing organization. It will also concern
itself with commmications problems between the earth, the moon,
and the ILunex Re-entry Vehicle and point-to-point on the lunax
surface. i

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

g. The Lunar Expedition Facility Office block (shown in
dotted ocutline) indicates that that office will be established at
& later time since the problems associated with the expedition
facilities are not of immediate concern.
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h. The Flans Office will be responsible for exumining other
potential uses of equipment developed for the Iunex rrogram. For
example, - the same equipment could be used for sending men eround
Mars and Venus, or perhaps effecting a landing on Fhobos. Con-

siderable planning also needs to be done regarding the exploratory
phase of the Lunar Expedition.

i. Programming Office will be responsible for scheduling
and budgeting of the entire program. This office will have under
its control a network of computers designated es the PEP prograzm.

J: The Technical Integration and Support Office will be
responsible for insuring the technical compatibility of all com-
ponents of the system, such as, that the vibration is within toler-
able limits during the boost phase when all components of the
system have been put together. This office will alzo provide

. technicsl assistance to each of the main component offices. The
camponent office such as the Manned and Cargo Payloads Office will
not rely entirely on the Techniecal Integration and Supvort Office
for essistance, but will be free to obtain the best technicel
advice available in the nation from vhatever source is necessary,
such as other government laboratories or universities. This
Technical Integration and Support Office will be manned by
Air Force officers who will be responsible for the verious
disciplines and for technical support from the Aerosnace
Corporation.

k. The Reliability Office will insure that a strong
reliability and safety program is followed by 2ll contrectors
throughout the progrem. Since reliability and safety is of such
extreme importance in this program every effort must be made to
insure the reliasbility of the final equipment. This can only be
done by glving proper recoganition to the problem et a high organi-
zational level vhere policies and recommendations can be recognized
and implemented.

6.2 PROGRAM OFFICE MANNING

A Progrem Office must be established immedistely efter progran
approval if planned schedules are to be met. It is estimeted that
an initial buildup to 72 officers plus 35 secretaries will be
required. A requirement for 100 MTS will be established with the
Aerospace Corporation. In view of the magnitude of the progrsm,
which will build up to more than one billion dollars a year, &
larger Progrem Office will be required. Planning for theee in-
creased manpower requirements will be accomplished by the Frogream
Office, after it is established. Suggested initial distribution
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/7 serronnel within the Progrem Office is as follows:
a. lunex Program Director
b. ?Plans
c. FProgrrmming
d. Technical Integration and Support
e. Reliebility
. Earth Launch Carplex

§- Earth Leunch Vehicle

\nu\mmgu\r:—

h. Luner Lending ond Launch Vehicle

i. Menned and Cargo Payloads 15

J+ Communications and Data Handling 3

k. Guidance and Flight Control 3
6.3 ORGANIZATIONAL RELATIONSHIPS

There will be a continual end energetic exchange of directicon
end information between personnel of the Lunar Program Office and
develonment contractors. Because of the complex nature and magnitude
of the program, the Program Director will be required to deal with
mzny contractors from diverse technical sreas. It is envisioned
thet en associcte contractor will be selected for each major portion
of the program, who will, in turn, use many supporting contracting
vorious technological copabilities. Technical integration and
suprort will be sccomplished by the Aerospace Corporation under the
overall guidance snd control of the Program Office.

6.5 KIR FORCE DEVELOPMENT ANL SUPPCRT

The Lunex zrogram office will work with the Technical Area
Menegers within AFEC. The Technical Area Managers have project
responsibility for develooment of colutions to technical problems
such as those ascociated with guidance, materials, rocket engine
prozulsion, life supcort, etec. Each Technical Area Manager will
identify and emphasize thosc critical technical problems to which
srecific effort mst be directed in order to attain a capability
reguired by the Lunex program.
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Specific arrangements will be made with other agencies as
requirements arise in the development of the Lunex program.

6.5 OTHER AGENCIES

6.6 NMANAGEMENT TOOLS

The basic philosophy of developing all elements of this
program on & concurrent basis introduces rigid scheduling require-
ments. Specific tasks must be defined and scheduled. However,
when development problems dictate that many factors be varied to
keep abreast of advancing state-of-the-art; concurrency and even
the end objectives are affected and possibly delayed. A management
tool which uses an electronic computer will be used to support the
Program Director in planning, operating, and controlling the Lunar
Expedition Program. It will be initiated in the esrly stages of
the Program and will continue to be used throughout the expedition
fh.ue. This management tool called Program Evaluation Procedure’

PEP) will assist the Director by providing:

g2. A method of handling large masses of data quickly,
efficiently and econamically.

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

¢. A capability of integrating the many varied and compli-
cated facets of the Lunar Expedition Frogram.

6.7 FPEP

The PEP management tool is made possible through the use of an
electronic digitel computer. The scheduling and monitoring of many
thousands of items required in the Lunar Expedition Program make
the use of this computer technique imperative. The FEP approach
employs linear programming technigues with a statistical concept
in conjunction vith the electronic computer. This procedure
facilitates the analysis of interrelationships of many thousands
of program elements. The results are presented as program summaries
upon which the Director cen base decisions. (See Fig. 6-3)

The first step in using the PEP menagement tool is to make a
detailed analysis of the overall Lunex Program. Each major event,
milestone, or accomplishment that must be achieved is listed in
chronological order. The evente must be well defined and should
occur at an instant of time which can be identified. A network,
or a program plan chart, is laid out in which the events are shown
as points or circles vhose positions roughly represent their
_chronological order. Interrelationships between the events (circles)
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and sequence of events are shown by connecting lines. The line
between the events represents work that must be done to proceed
from one event to the next (See Figure 6-4). The computer then
totals all of the expected activity times slong every possible

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

The effects o1 a delay for any particular milestone or event
an the entire program or on any other event can be quickly and
efficiently determined so that corrective action can be teken if

required.

b
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SECTION VII

MATERIEL SUPPORT

LUNAR EXPEDITION (U)

( LUNEX)
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7.  MATERIEL SUPPORT
7.0 INTRODUCTION

It is intended that this program use two significant
concepts that will result in better management of the materiel
support program. These are the Delayed Procurement Concept and
the Responsive Production Concept. Under the Delayed Procurement
Concept, the ordering and delivery of high-cost insurance-type
spares is deferred until the final production run must be made,
allowing for the sccumlation of maximum operational experience
with the new item before & final spares order must be placed.
Under the Responsive Production Concept, a portion of the
requirement for high-cost operational spares is procured in
unfabricated, unassembled form. When the spares demand can be
more reliably predjcted, based on actual usage experience,
additional complete spare items can be produced within a very
short lead-time period. When experience fails to justify a
requirement for additionsl 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
spares and maintain close control over their transportation,
storage, issuance, and repair until they finally wear out,

or are no longer required. Simplificrtion of procedures and
relaxing of restrictions on low-value items will provide the
means (man-power, machine time, etc.) for more precise manzgement
of high-value items.

T.1 SUFPLY

Maximum utilization will be made of exlsting assets.
Where practical, equipment and parts will be reclaimed from
completed test progrems, repaired, modified and overhauled to
sultable condition for use in later tests and operational
tasks. The procedures and paperwork involved with procurement
of spare parts must be streamlined to permit maximum flexibility
in planning and responding to a contimually chenging configura-
tion. Immediste adjustment of inventories end reorder points
mst result from test program and engineering chenges.
Selection of spare parts should be made at the time of initial
design to enable procurement of spare and production parts
concurrently to elimipate reorder costs resulting from separate
' procurements.
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Determiration of quantities, reparable-overhaul-modifica-
tion planning, control etc., shall be accomplished and directed
by a permenently organized and active group composed of persomnel
representing the engineering, production, materiel, reliability,
quality control, procurement and contract departments, and the
various affected sections within these departments such as
design, test, planners, etc., attending as required. The AFFR
will have a member assigned to this group for surveillance
purposes and to provide logistic guidance on problems which may
require advice from the Air Force. &

Persons assigned to the group shatl be well qualified by
reason of experience and technical ability.

The procedures and papervwork involved shall- be streamlined,
taking due cognizance of the powers and capabilities of the
above group to permit meximum flexibility in planning and 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. Such items, particularly those potentially
subject to imminent redesign, will be rigorously screened to
assure economical inventory and the best possible repair,
overhaul and modification plsnning at all times.

The group shall be responsible for the following:

a. Immediate adjustment of inventories and reorder
polints resulting from changes to the delivery schedule, the
test program, and for engineering changes.

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

c. Review of stock levels, and adjustment and/or
disposition of non-moving items on a contiming basis, but at
intervals not to exceed sixty (60) days for any individual hi-
value items and 180 days for other items, or at other intervals
as agreed upon by the Contractor and the Contracting Officer.
This is to include the return to production of any surplus
quantities for rework to later design requirements..
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d. Control of repair-overhaul-modification planning.
7.2 DISTRIBUTION

The Contractors shall develop internal working procedures
vwhich encompdss the following requirements:

a. Inventory levels shall be programmed to vary
with anticipated utilization. Shipments in advance of estimated
reguirements 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 maximum
economical reliance on repair, overhaul, and modification of
reparable items. Repair, overhaul, and modification turn-
around time will be a prime determinant in establishing the
minimm stock-level period for each item.

c. Where feasible (with particular emphasis on
hi.value and eritical items), inventory cost will be minimized
by stockage of repair, overhaul and modification bits, pleces
and components (relatively low-cost items) in conjunction with
a pre-planned and flexible expedited repair, overhaul, and
modification program, as opposed to stocking sub-assemblies
and end items themselves [the relatively high-cost items).

d. Stock levels will be determined oo basis of
overall program needs and will be independent of the site
location of the stock. Maximim utilization will be made of
aveilable contracted mir transpvortation to minimize "pipe-
line" time. ‘

7.3 STORAGE

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 a co-mingling of stock, considerable cost
savings can be effected. Spares and production stock serve as
buffer stocks for each other. If multiple activities such as
mamfacturing, test, and the expedition are supplied from a
single storage facility the chance of stockout would be
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minimized.
7.4 REAL PROPERTY INSTALLED EQUIPMENT (RPIE)

Each contractor is charged with the responsibility of
identifying, as well as determining the criteria for ell
items required for successful mission accomplishment. When
the requirements have been determined the responsibility for
accoamplishing the required RPIE materiel support program will
be assigned. This materiel support will include the necessary
selection of spare parts to be stored at the mamifacturing
facility or at the launch site.

T.5 MAINTENANCE

The proposed operational mode of the LUNEX program is
unique in that it retains all 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 Iimproved, the
launch facilities and support equipment may require modifica-
tion, and technical development may force program changes.
Since the expedition period is actually a contimuation of the
development and test program it is apparent that the systems
and techniques developed during testing may also be continued
Tor the Expedition.

An eveluation will be made to determine the feasibility
of having contractors support the program throughout its
entire life. However, in determining the total task, considera-
tion mist be given to the available Alr Force mampower, equipment
and facilities that mey be used to support the LUNEX program.

7-6 MANUFACTURING FACILITY CRITERIA

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

- accessable to navigable waterways. The facility should obviously

be located in an area containing en abundance of skilled manpcver.
Manufacturing Test Facilities adjzcent to the mamufacturing
facilities would be very desirable to reduce transportation
problem.
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Certain items, such as the large ligquid and solid boosters
and propellant, will probably be assembled at the Lunex Lounch
Complex and special facilities for mamfacturing these items
will be required et the launch conmplex. Thus checkout and
acceptance test facilities will also be required at the
launch complex.

Many major mamufacturing items, such as the Iunar Iending
Stage and the Lunar Iaunch Stage, will be produced at the
manufacturers! facility. This will require vrorellant storege,
or a propellant mamifacturing capability at the vlant, plus
various test and check cut facilities to suwport momufacturing.

As an example, the following test facilities will be
required to suprort the mamifecturing of the Lunar Landing
and Imnar Iaunching Stages:

a. Configuration--For each of the two stoges n
Propulsion Test Vehicle Test Stond end two Flight Acceptance
Firing Stands will be required. In addition. cold flow: test
facilities conristeing of one pad nnd three structuranl towers
will be required.

T™wo separate test complexes will be needed - one for
each of the two stages. There will be only one centrelly
located blockhouse with control and instrumentntion rarebility
for operating both comnlexes. Each hot firing stend would
be located in sccordance with a ? nsi exolosion overvressure
eriteria. An explosive force calculated on eculvalent Lilo
caloric content to TNT, shows that the hot stends sheuld be
no closer than 2000' to any other hot or cold stand.

b. Test Ped Configuration and arrangement - - Each
- hot test pad will consist of a concrete pad containing the
launcher structure. The stoge is erected by a mobile cormercial
type crane, and personnel access for maintenance is by work
stand and ladders, or a cherry picker. No service tower will
be required.

¢. Thrust Level Measurement - - Thrust levels will
be determined by messuring the chamber pressure 2nd aotlying
the result to the engine mamifeocturer's ealibration curve.
Tenking level is determined by the Propellant Utilizetion
System.
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d. Altitude Similation Unit - - A plemum chamber,
containing steam jetes up stream of its exhaust bell, shall be
attached to each engine for altitude simlstion.

e. Flame Deflector - - The design is a conventionmal
configuration elbow shaped shield cooled with a firex water
injection system.

f. Propellant Storage and Handling BEquipment - - A
central 10, storage and transfer facility shall be provided for
each of the two test facilities. The Iunar Ianding Stage
facility shall store 350,000 lbs. of LO». Spherical, vacuum
insulated dewars shall be used. The transfer unit shall be a
motor coperated centrifugal pump with 500 gpm and 100 psi
discharge head capacity. The Imnar Iaunch Stage Test Facility
m%u“m shall contain 18,000 gallons in spherical dewars
vith a transfer pump capability of 200 gpm and 100 psi discharge
head. Distribution lines for both camplexes would be prefabri-
cated, static vacuum, insulated steel pipe.

An IH» storage and transfer facility will be provided
at each hot firing test stand and the cold flow test pad. The
transfer system is an IHp gas generator system with air being
the thermal source. Pressuring level in each tank would be 100
psi. The IHp storage capacity requirement for each Iumnar ILaunch
Stage facility is 15,000 lbs. and at each landing Stage Site is
35,000 1lbs. Again the storage facilities would be spherical

_dewars with segmented, prefabricated, static vacuum insulated
stainless steel pipe distribution lines.
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SECTION VIII

CIVIL ENGINEERING

LUNAR EXPEDITION (U)
( LUREX)
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8. CIVIL ENGINEERING
8.0 INTRODUCTION

As part of the Iunar Transport Vehicle study, consideration
wvas given to the facilities required for the launch and support
of the Space Iaunching System and the Iumnar Payloads. It was
assumed that the mamfacture of all boosters and the payload
would be accomplished at existing factories. Facilities and
equipment required for the mamufacture of large boosters may
be readily installed at factories having c¢learance sufficlent
to handle the booster. Large boosters such as required for
this program must necessarily be transported over long distances
by specially constructed barges. By selecting mamfacturing
facilities and lasunch sites sdjacent to navigable wvaters,

a minimum of overland transport would be required. A signifi-
cant savings may be effected by providing launch capabilities
at pelective areas where existing support facilities, personnel
housing, and assured tracking capabilities are avallable.

The logistic support for the launch rates indicated in
this plan dictates that new propellant mamfacturing facilities
be constructed at the launch site and that transport barges and
other vehicles be available to transport vehicle cmponents
from the mamufacturing plants.

A modified Integrated Transfer Leunch System is envisioned
for the Lunar Transport Launch System. The size and weight of
the Space launching Vehicle, designated the BCZ2T720, precludes
the transfer of the entire Iunar Transport Vehicle after
assembly, but the integrated transfer of upper stages and lower
stages separately with a minimm mating and checkout on the
launch pad may provide increased reliability and appreciable
cost seving.

In order to achieve the highest launch pad utilization
possible end to meke maximum use of specialized capital
equipment and highly skilled manpower, the application of
operations research technology will be required. To handle the
test loed and the camplex sequencing requirements presented
by the three-stage Space Launching Vehicle plus the Lunar
Payload, a computer controlled, integrated launch sequencing
and checkout system will be needed. It is desirable to
accomplish the meximum amount of systems testing in a protected
enviromment prior to locating the vehicle on the launch pad,
and to use the leunch pad, in so far as is possible, for its
prime purpose, that of preflight servicing and launching the
vehicle.
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8.1 LUNAR LAUNCH COMPLEX

The Lunar Transport Vehicle System has 2 requirement for
launch and support farilities suitable for manned lunar [light
of a vehicle using a BC 2720 Space Launching System. Investi-
gation of the launch pad requirements for a launch rate of two
per month indicates that from 4 to 6 launch pads would be
necessary depending on the launch site location and the means
available for handling the booster. There are no existing
launch pads capeble of handling this vehicle, nor are there, at
this time, facilities capable of conducting static testing of
the "C" booster and the launch of the complete Lunar Transport
Vehicle. It is possible that by combining the capabilities
for both static firing and launch 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 solid boost
during R&D flight test and for early test missions of the
Iunex Re-entry Vehicle. The development and flight test of
the "B" booster is planned at AMR during the development program.

It wvas assumed in the Lunar Transport Vehicle study that
the mamifacture of all boosters and the payload would be
accamplished at existing factories. New and added facilities
and equipment such as large forming brakes, specisl welding
Jigs, fixtures and machines, and large processing facilities
would be required. In plants of sufficient size these
facilities and equipment could readily be installed. Further
investigation comparing the relative economics of manufacture
at the launch site versus manufacture at existing facilities is
required to insure an economicel choice.,

Asgsemblies having a diameter exceeding 12 feet or
weighing over 200,000 pounds connot be transported over
United States railways. A load of 78,000 pounds is considered
to be the limit over selected highway routes. In as much as
both the "B" and "C" boosters of the Space launch Systems have
dismeters in excess of 14 feet, transport from manufacturing
plant to the launch site must be by barge. The large quanti-
ties of boosters and the special envirommental protection
required suggest that specislly designed barges be constructed
to transport these assemblies. Harbors and docking facilities
would be required near the mamifacturing facility and at the
launch site.

By locating the launch facilities at or near Cape Cana-
veral for an easterly launch significant savings may be
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effected. The use of existing administrative capabllities,
personnel housing, assured tracking facilities, and technical
support areas will provide a saving in costs and in leadtime
required for construction of support facilities. Similar
gains may be made by locating launch facilities at Point
Arguello for polar launch. This does not mean that Cape
Canaveral and Point Arguello are the only reasonable locations
for the launch site. In fact, by extending the Atlantic
Missile Range in a westerly direction across the Gulf of
Mexico it is conceivable that a launch site in the vieinity
of the Corpus Christi NHaval Air Complex would provide the
full use of AMR Range facilities with minimum overfly of
foreign land masses. Likewise, extension of the AMR Range

in a northerly direction to the coast of South Carolina
would provide a similar accamodation.

8.2 ILOGISTICS

The logistic support for the launch rates indicated in
this stidy dictates that new propellant mamfacturing plants
be constructed at the launch site. Existing propellant
mamufacturing plants are inadequate and the launch rates
mentioned would use the full capacity of a separate propellant
mamifacturing facility.

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

(1) Liquid Hydrogen mamufacture 50 tons per day.
(2) Liquid Hydrogen storage -

@ launch pad 1.5:106 pounds.
(3) Liquid Oxygen/Nitrogen '

Mamufacture 120 tons per day-
(4) Liouid Oxygen storage

@ launch pad L x 10° pounds.

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

8.3 AEROSPACE GROUND ENVIRONMENT
A modified Integrated-Transfer-ILaunch System is envisioned
for the Lunar Transport Launch System. This approach would

allow the camplete integration and checkout of the "B" booster
together with the Iunar Transport Payload in a protected
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enviromment similtaneously with the assembly and checkout of the
C2720 booster combination at the launch pad. The size and
veight of the BC2720 Space Launching Vehicle precludes the
transfer of the completely assembled Lunar Transport Vehicle
fram an integration building to the lesunch pad. It is feasible,
however, to mate and integrate the "B" booster with the Iunar
Transport Payload inside the protected environs of an integration
building and when completed transfer the "B" booster and payload
assembly to the launch pad for mating with the C2720 assembly.
(See Figures 8-1 and 8-2). This can best be accomplished by

a cliffside location or extending a ramp from the integration
building to an elevation at the launch pad approximately equal
to the height of the C2720 stege. The assembly and checkout

of the "C2720" vehicle may be accomplished in iwo ways
depending on the specific location of the launch pad and its
accessibility to navigable waters. For a launch pad having

no direct access to navigable waters, the assembly and mating
of the solid segmented motors to the "C" booster would be
accomplished at the launch pad. The extended time necessary

to accomplish this assembly and checkout accounts for the
difference in the mumbers of pads required. It is estimated
that 6 launch pads would be needed for this plan. For a

launch pad heving direct access to navigable waters, the
assembly and mating of the solid segmented motors to the "C"
booster could be accomplished at an interim integration
building located some distance away from the lasunch pad. After
asgembly and checkout, the "C2720" cambination would be trans-
ported by & barge ta the launch pad and mated to the "B" booster
and vayload assembly. By using this approach it is estimated
that L launch peds would be adequate for the 2 per month

launch rate. Finol confidence checks and integration of the
booster and facility interfoce would be accomplished at the
launch pad.

The TNT ecuivelent of vehicle propellants was estimated
in the following manner. The THT equivalent of the liquid
propellants was taken at 60% of the total LOX/LH> load for
all stages. This is the figure currently used at AMR for THT
ecuivalence for LOX/LHp. In this case, because of the great
quentities of propellant involved, this degree of mixing is
unlikely and the 60% figure would be conservative. Solid
propellants are taken at 100% of the propellant weight. It
is also considered that detonation of the solid propellants
moy cause the subsequent detonation of liquid propellants and
vice versa; but, the simultaneocus detonation of all propellants
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is not likely to occur. This philosophy resolves to consideration
of TNT equivalents of liquid propellants and solid propellants
separately and they are not additive. The TNT equivalent of

one of the four segmented solid assemblies is 680,000 pounds.
The 60% TNT equivalent of the total liquid propellant

load is approximately 1,300,000 » Using the highest

TNT equivalent (1,300,000 pounds) the inhabited building
distance must be approximately miles from the launch pad and
minimum pad separation must be approximately 1 mile. For an
inhabited adjacent to a launch operation, pad separation
would be miles. It is cbvious that the real estate problem
will be extensive. For a coastal location of "C" launch pads
up to 18 miles of contimuious coast line would be required for a
distance of 3 miles inland. These distances can be decreased by
creating a buffer between the pads. Locating the launch pads

in ravines or indentations in cliff side launch locations might
substantially reduce the land areas required. The selective
location and orientation of the integration building and other

support facilities to take best advantage of topography would
do much to decrease distances and reduce costs.

The repeated launching of similar payloads in the Lunar
Transport Iaunching System snd the extended time between launches
from each pad indicates that & central launch control for all
pads might be desirable. To avolid analog signal line driving
problems and to allow greater distances than normal between the
pads and the common blockhouse it is possible to use digital
control for launch pad checkout and launch. Analog to digital
conversion would essentially be accomplished at each launch
pad and transmitted to the blockhouse via digital data link.
With vertical mating, assembly and detailed checkout in the
vertical assembly integration buildings, only gross, survey type
testing or & similated countdown and launch would be performed
at the launch pad, =since test and vehicle subsystem sequencing
systems could be installed in both areas. Present day checkout
methods, because of the many mamal controls and long-time spans
involved would not provide sufficient assurance of the high
reliability of the complex integrated systems expected in the
Lupar Transport Vehicle.
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9. PERSONNEL AND TRAINING
9.0 INTROIUCTION

This section of the Lunsr Expedition Progrem Plen (Iunex)
includes estimated perscnnel requirements to support the program
and presents the training required to sccamplish the end objective.

The persomnel requirements were derived on the basis of the
scope of the complete program and the personnel would be comprised
of eivilian and military personnel. i

The training program was prepared by the Air Training
Command and based on the Iunar Expedition Progrom Plan.

9.1 FERSONNEL

The acccmplishment of the [unar Expedition Program will have
e manpower impact on the Air Force that is quite different than
previous programs. The mumber of personnel actuslly on the
expedition will be relatively small compared to the mumber of
persomnel required to support the operation. The sctusl contractor
"in-plant™ personnel required to accomplish this program are not
included in the following figures. However, a general estimate of
the total contractors' effort, based on the averuge estimated
anmal expenditure for the complete Lunex program, would be the
equivalent of one of our larger mamifacturing companies with 60 to
T0 thousand personnel. It should also be stated that this effort
would undoubtedly be spread throughout the industry and not
concentrated in one company and the previcus statement is only for

camparison.

The military and civilian personnel required to support the
Innex program is estimated as follows:

Space Personnel 145

Iunar Expedition 145
(21 men at expedition facility, crew
rates of 5)

Ground Personnel 3677

Lunar Squadron

Iaunch Squadron

Instrumentation Squadron
.Assenbly & Maintenance Squadron
Supply Squadron

Base Support Units
Administration

ii WDLAR-5-458
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Total Direct Personnel
(Space plus Ground)

3822
Overhead 1287

Range Tracking 940
logistic Support Organization 347

Grand Total Personnel 5109

9.2 TRAINING PROGRAM

The remaining portion of this section of the Iunar Expedi-
tion Program Plan (Lunex) presents the Training Program. It is
based on the limited data apnd information avnilable at the time
of preparation. The knowledge gnined from the state-of-the art
development of this program will of necessity hove to be applied
directly to the training areas to insure "concurrency" of the
programs training development. Further, the training knowledge
end experience scquired from current research nnd development
programs must be studied for application to this program.

The concepts and plans projected in this part of the PSFP
will be subject to constont revision and/or updoting. Use of
various similators and synthetic training devices must be a part
of the training program. Identification of the required
training equipment and real property facilities to house them
must be accomplished early in the orogrom development to insure
training equipment and focilities being cvaileble to meet the
training need dates.

The unique mission of the Lunex progrem requires ¢ compre-
hensive and timely source of personnel equipment deta (FED).
This information is required for spnce erew -nd sucvport positions
required to operate ond meintain the spnce vehicles ond suvport
equipment. Development of such date must be initinted cs port
of the design effort to reduce the time element for follow-on
personnel sub-system regquirements.

Ho effort is mande in this section to specify requirements
Tor the Space ILaunching System since they are delinested in the
Space Iaunching System Pucknge Progrem.

This section of the Proposed System Pocknge Progrem was
developed under the premise that Air Treining Commnnd would be
assigned the individuel aerospace crew and techniczl treining
responsibilities for this program. Therefore, ATC must develon
their capability concurrent with hardware develooment through
the engineering design phases to support the expedition.
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9.3 PIANNING FACTORS AND GROUND RULES

a. Scope:

This section is conceptual in nmature at this time and
embodies the bosis for the training to be accomplished in support
of the Lunar Expedition Program. It includes guidance for
individual, field, unit and crew training.

b. Definitions:

(1) Aerospece Crew Personnel:

Personnel performing erew duty in the ILunar
Transport Vehicle.

(2) Cadre Personnel:

Those personnel necessary for logistic planning,
AFR 80-14 Testing Progroms, and ATC instruction and preparation
of troining materinls. The requirements for participation in the
testing programs will include test instruments for category
testing in eccordance with peragraph 5 a (1) and (2), AFR 80-14,
znd Job Treining Standards for the Integrated Systems Testing
Progrem in accordence with paragraph 8 g (3), AFR 80-1h.

(3) Main Complement Personnel:

Personnel employed in the receipt, check-out,
installation, repeir, maintenance and operation of the system.

(k) Support Personnel:

Air Force Logistic Command personnel required for
support functions as well as other agencies' supervisors
Dlenners: -

(5) Types of Training:

) (a) Type I (Contrnct Speciaml Training). Special
troining courses conducted by contractors at an ATC installation,
contractor facility or any other designmated site.

(b) Type ITI. (ATC Specinl Training) Special
Treining Courses conducted by ATC training centers' instructors
at an ATC installation, contractor facility, or any other
designated site.

(c) Type III. Career training.
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’ (d) Type IV. Special training provided by ATC
troining detachment instructors at the site of the organization

requiring the training.
(6) Testing Programs:

(a) Component - the testing of the camponents of
a. sub-system, such as the guidance packasge, or ecologicel
package.

(v) Subsystem - components assembled into a sub-
system as the Re-Entry Vehicle Subsystem and tested as a unit.

(c) Integrated System - the Re-Entry Vehicle,
Lunar Ianunching Stage and Lunar [anding Stage assembled together
end tested as a whole gystem. :

c. Ass_mgtinns:

(1) The man-rated Lunar Transport Vehicle will bve
cvaileble for use by the Iunar Expedition in 1968.

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

. (3) AFR 80-1h will be used as a guide for accomplish-

(k) The terminology for normal levels of maintenance,
i.e., organizatiomal, field, depot, and shop, vehicle assembly
and maintenance as specified in AFIC (AMC) letter MCM, dated
25 July 1960, subject: Standard Maintenance Terms and Mainten-
ance Facility Nomenclature for Missile Weapon Systems will

epply.
3 (5} The Air Force Maintenance policy of masximm
meintenance at the lowest feasible level will prevail.

(6) Due to the time phasing of the subsystems, special
consideration must be given to the training facilities require-
ments funding for the Re-Entry Vehilcle technical training

Programs.
(7) Testing Dates:

(a) Start of Component Testing Dates are:
1. Re-Entry Vehicle - June 1963.

2. Iunar Iaunch Stage - February 1965.
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3. Lunar Londing Stage - Moy 1965.
(b) Stort of Subsystem Testing Ir-tes Are:
1. Re-Entry Vehicle - November 196k.
2. Lunar Leunch Stage - May 1966.
3. Iunsr Iending Stage - July 1966.
d. Peculier Requirements and/or Limit=tions:

(1) The unique mission of this progrrm mmkes it mwnde-
tory that the following ections be eccomplished concurrent with
the development of the herdwere:

(2) The contractors will develop the Fersonrel-
Equipment Data information concurrent with the design of the
hardwvare. This informstion must be avaoileble to [7TC personnel

for early plenning purposes.

(b) Type I training dates reflected in the time
phasing chart will require the use of R&D and test eguipment as
training equipment.

(e) Production schedules for R&D end Expedition
equipment will include the treining equipment regquired to support
Type II and Type IIT training. Allocntion 2nd delivery priorities
will be in accordance with AFR 67-8.

(2) An identification of personnel necesszry to support
this system has been mnde in order to assist in defining the
training parameters. Changes to these estimntes will pe made as
more conclusive information becomes evailable. See Charts IX
A and B.

(3) Meximum Cross-Training will be provided ns required
to all personnel essociated with this progrem.

(4) The requirement for follow-on training end the
value of past experience is recognized ond maximim retention of
personnel is mandatory.

(5) New end peculiar training problems are envisioned
for the technical personnel.

(6) The training of the perospace crew personnel will
require the development of a progrom which is unique to the Air
Force.
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e. Qualitative and Quantitative Personnel Requirements
Information

(1) A QQFRI prepared in accordance with Mil Spec
26239A will be required to develop the training courses, course
material and substantiation for the Personnel Classification

changes.

_ (2) ATC and other applicable commands will furnish
personnel for the QQFRI integration team and provide technicel
guidance to the contractor during preparation.

9.k TRAINING
\

a. Training Responsibilities and Concepts:
(1) Engineering Design Effort

(a) ATC will participate in the engineering
design effort to insure that technical data is collated with
the personnel sub-system for follow-on training program require-
ments.

(b) ATC will be responsible for training required
in support of the R&D effort under AFR 50-9.

(c¢) Selection of the initial eerospace crew
personnel and ATC aerospace crew training instructors for the
Iunar Transport Vehicle will commence 8 months prior to the
start of Category I Testing.

(d) ALl Lunar Transport Vehicle crews and
military space launching support personnel will be phased into
special treining (Type I), 6 months prior to Category I Testing.

(e) Envirommental space training for the selected
crews and instructor persomnel will start 9 months prior to the
start of Category II testing and will be conducted by the Aerospace
Medical Center, Broocks AFB, Texas.

(f) ATC Lunar Transport Vehicle crews will be
Phased ocut of training 30 days prior to the requirement for
Type II or III merospace crew training to provide follow-on
training capability in this erea.

(2) Flight Testing & Expedition Progrom:
() ATC will be responsible for all irdividual

training, i.e., technical, aerospace crew, AGE and ndditionnl job
tasks as required.
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(b) All requirements for Type I Special Training,
AFR 50-9, in support of this effort will be contracted for by ATC.

(c¢) ATC will maintain liaison 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 and other concepts having a direct

implication to training.

(d) Flight Testing & Expedition Crew proficiency
will be the responsibility of the Imnex Program Director unless
ATC is requested to furnish this training.

9.5 TRAINING FERSOMNEL
a. Field Training Detachment (FID)

The number of personnel required to provide training
for lunar vehicle personnel will be determined during the
training programming conference. QQFRI, TFR's, Personnel Flan,
Operntional Plan and Maintenance Flan will be available at this
time.

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

Contractor technical service personnel may be initislly
required to augment Field Training Detachment (FID) personnel.
CTSP requirements in support of this program will be phased out
os blue suit capability is achieved.

¢. Treined Personnel Requirements (TFR)

TPR will be developed by cammands concerned upon
epproval of GQFRI, and will be tabulated as gross require-
ments by command, by AFSC and by fiscal quarter. These require-
ments will be phased on anticipated need dates for personnel to
be in place at the testing sites, launch sites, and maintepance
ereas, and will be furnished Hg ATC in sufficient time to allow

proper planning for required training.
9.6 TRAINING EQUIPMENT PACKAGE
a. General:

Training equipment requirements will be developed to
suppart:

(1) Check-cut and ground maintenance to be performed
by the direct support personnel for the Lunar Transport Vehicle.
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(2) Flight test operations end maintenance to be
performed by the responsible crews. 1In consideration of this,
present and near future systems experience gained in the aero-
space area will be applied to the Lunex program to assist in the
identification of training equipment. The training for this
program must be conducted in the most reslistic enviromment
practicable.

(3) Post mission maintenance and test equipment.

b. Equipment Selection:

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

(1) Maximm utilization will be made of training
eguipment programmed for other missile and space system train-

ing programs.

: (2) During the initiasl phases, equipment programmed
for test, development, and the expedition programs will be

used to the maximum extent practicable when regular training

periods can positively be scheduled in the use of that equipment.

The lack of availability of such equipment will result in

degradation of training.

(3) Equi:nen‘l:. selection will be made in considera-
tion of future and/or subsequent programs to provide maximum
training capability in similer systems with minimm cost.

(k) Meximm use and development of training films,
training graphics, and synthetic training ailds and devices will
be made to reduce requirements for critical operational items
during the initial phases of the program.

(5) Training equipment will be identified in suffi-

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

¢. Plenning Factors:

Planning factors for determination of Training Equipe
ment Requirements:

(1) In view of the limited program information
presently available, definitive planning faectors upon which
over-all equipment requirements may be based cannot be provided.

However, for preliminsry plesnning, the following factors may
be applied to subsystems of the program to determine order of
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magnitude. Provided Control Centers used ror other space vehicles
will be espplicnble to the Lunar Trensport Venicle, category ¥*I,
*#*[I, and ¥WH]III training equipment requirements as specified in
USAF letter dated 30 Jznuary 1961, subject: Weapon System
Training Equipment Support Policy will be as follows:

Mnjor Vehicle Sections Per cent of Sub-System Cost
Required for Training Items

(a) Re-entry Vehicle 250%

1. Complete R/V - 1 ea
2. Sub-systems of R/V - 1 ee

3. HMajor components of each
sub-gystem for Bench Items = 1 ea

(b) Ilunar [ounch Stege 150%

1. Sub-systems of Lzunch
Stage - 1 e=

2. 50% of Mejor Components
for Bench Ttems

(¢) Iunar Landing Stoge 100%

Mz jor Comronents - 1 ea

(d) Cnrgo Puckege 100%

Complete Cargo Package

(e) Aerocpace Ground Equipment . 200%

1l. Complete set for hendling
and testing vehicle sections
end included equipment

2. Complete get ns8 bench items
* Cat T Tro or meintenance training

** Cat II Perts/Components/End Items
#%% Cnt III Training Aids/nccessories
9.13 WDLAR-S-L458
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(2) Training films nnd transp-rencies requirements

will be developed cs soon =8 possible.

(3) Spere parts support will be required for o1l

Category I and II training ecuipment.

(L) A contiming requirement will exist for the

modification of training equipment. These modific~tions should
be provided by review and nrocessing ol treining eTuivment

change vroposals concurrent with o~errtion-l equirment ch:inge

praoposals. :

(5) Funding of P-400 money will be omitted in

consonance with AFR 375-k, Para 12.

9.7 FACILITIES

c. Genercl:

The needs for tr-ining fucilities should be est-oliched

croroxime~tely three yerrs vrior to the d-~tes ot which Ty—e fI
troining equipment will be required. Frecilities must incor-

por~ate sufficient flexibility to z2ccommod-te future uwd: ting of

training equipment resulting from progr:m configur-tion chunges.

b. *erosvzce Crew Training Facilities:

(1) Initiel traipning for aerosnrece crew personnel

will .require the use of existing space troining freilities.

Joint-use cgreements between NASA and other USAF cgencies znd
the Alr Treining Comm=nd will be required to insure moximum

utitizetion of thesc f+cilities. 2Serosrece edic~l Center's

foeilities (Brooks AFB, Texns) will be utilized to the fullest.
Inter-service egreements with the Nevy for use of coecific
training device fecilities should be considered for crew
training.

(2) The estoblishment of = centralized svace training

facility would heve n direct benring on the over-all specific
requirements for this tyre of training. The results of the
System Study Directive (SSD) Nr 7990-17610, titled: "Centreol-
ized Space Training Fecility,” will hove direct bearing on the

posture of the trnining facilities of the future. For this

reason, facility reguirements for follow-on training are not

projected.

This
",
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c. Other Training Facilities:

It is anticipated that Technical Training Centers now
in existence cen absorb the additional technical training load
without increasing the facilities. However, modification of
existing facilities to provide training laboratories with
specialized power and envirommental systems will be necessary.
This requirement must be identified in sufficient time to permit
fecility programming through normal procurement cycles.

9.8 BUDGET AND FINANCE
a. Training Equioment 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 training facilities will be
determined once the decision is made whether to build a Central-
ized Space Training Facility or to contimie with decentralized
procedures. Funding can then be determined for the required
focilities and modificetions.
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* Propr=ed

¥ Jor Segment Cudre
of' System Reauirement /FSC
Vehicle Crew 1 (nFsc) 1300
1 (r1c) 130X

1 (AFSC) | 15%X

1 (ATC) 15Xx
1 (AFsC) 30XX

1 (ATc) 3000¢
Vehicle Support 2 (AFSC) %551{

1 (ATC)

CHART X - A
PROJECTED M.NNING AFSC's
*» Mumeers -~re estim tes for FOR JUNAR TRANSPORT VEHICTE PROGRAM

Tvne I Tr-iring C-dre

AFM 35-1 Title
PART A

*jerospoce Flight Test
Pilot

Aerospece Pllot

#Aerospece Performence
Engineer & Nevigator

#lerospnce Commnicotions
Electronics & Computer
Specinlist

P/ART B

Electronic Digital Dato
Processing Repairman/

System Association

Vehicle Commander, flies
vehicle, programs flight
data ipputs to flight
regime camputer.

Instructor

Deputy Vehicle Commander,
navigates and maintaina
vehicle in flight.

Maintains electronic, commni-

cations and computer components.
Assists in vehicle maintenance.

Operates and mointains airborne
computer and assoéiated equipment.
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* Propr=ed

*Jor Segment Cadre

of System Reruirement /[FSC

shicle Crew 1 (AFSC) 13X
1 (r1C) 13xXX

1 (AFsc) 15XX

1 (ATC) 15XX
1 (AFsC) 30XX

- 1 (ATC) 30X
hicle Support #**2 (AFSC) 30551/

1 (ATC)

CHART IX - &
PROJECTLD M/HNNING AFSC's
* Mumbers -re estim tes for FCR TUNAR TRANSPCRT VEHICIE PROGRAM

Tvne I Tr-iring C-dre

AP 35-1 Title
PART A
*terospace Flight Test
Filot

Eerospece Pilot

#lerooooce Performence
Engineer & Nevigetor

#lerospace Comminicotions
Electronics & Computer
Specielist

PIRT B
Electronic Digital Mata
Processing Repairman/

Maintensance Technieian

.16

System Association

Vehicle Commuender, flies
vehicle, programs flight
dota inputs to flight
regime computer.

Instructor
Deputy Vehicle Commander,

navigates and meinteins
vehicle in flight.

Mzintsins electronic, commni-

eations and computer components.
Assists in vehicle maintenance.

Operetes and maintains airborne
computer end assoélated equipment.
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Ma Jor Segment
of System

Vehicle Support
(Continued)

Cadre

Requirement AFSC

2 (AFsc)

1 (A1C)
2 (arsc)

2 (AFsC)

1 (a1cC)
2 (AFsC)

1 (r1c)
1 (aFsc)

1 (aFsc)

1 (AFsC)

79373

2250/
ho2s1/
il

30151/
71

20150/

30153/
73

Leaso/
70

1% 35-1 Title

Mdirborne Redio ond
Flectronic Counter-
messure Operator
Technician

Instrument Repairmen/
Technicien

Mechnnienl /ccessories
and Equipment Nep~ir-
mnn/Technicien

lirercit Electronic
Navig-tion Equipment
Hepnim*:.nf Ihintensnee
Technicisn

Kirernft Radio Reanir-
men/W. intensnce Tech.

Ilrernft Electronic
Countermensures/
Feintentnece Technicirn

Wenpons Mechnnic/
Mnintenrnce Supervisor

. 17

System rssocistion

Operates and Repairs rocdio
end rrdio Elint equipment.

Vehicle Instruments.
Mointenrnce of mecheniesl

sccensories.

Heinteln electronic navigation
equirment.

SHF, UHF dat: link equipment.

Repair Alirborne Electronie
Elint equimment.

Cepsule cjection system end
loading
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FLYE

'+ Segment
. System

¢le Support
timed)

Cadre

Requirement AFSC

1 (AFsC)
1 (A1c)
2 (AFSC)
1 (ATC)

2 (AFsc)

1 {A"It:}
2 (AFsc)

2 (~¥sC)

1 (atc)

2 (AFsC)

1 (ATC)

2 (&FsC)

56850/
70

53450/
70

L2152/
12

h2353/
13

31150/
T0

31250

00370

AF 35-1 Title

Liguid Fuel Systems
Meintensnce Sneciclist/
Technieci-n

iirfrome Repelirman/
‘Fechnicion

fAireraft znd Missile
Pneudrrulic Rezrirs
men/Technicirn

¥Flight Control/futo
Pilot Systems Ressmir-
man/Technici~n

Guideonce Systems
Fechnic/Technicien

Control Sycicns fechenic”

Technicirn

sbort System Vehicle
Tecnnici~n

System Association

Liquid Air System ond fuel
systems.

Airfreme including nose cone.

Reorire Hydrsulic cnd Poeumatic
Systems.

Checks out rpd recs=irs auto
pllot system.

Mrinteins end repzirs vehicles
guidcnee systems/infre-red
detections snd ecsoci<ted
eguizment.

Veint~ins -nd recrire vehicles
control cystens.

Meint<ins ~nd rer- irs vehieles
<bort system.
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Major Segment Cadre

of Syatem

Vehicle Support
{Contirued

2 (arsc)

1 (a1C)
2 (AFsC)

1 (Arsc)

1 (aFsc)

1 (arc)
2 (arsc)

1 (AFSC)

1 (ATC)

Additional Speciamlist

Requirement AFSC

43351/
L

L2350/
70

56650/
T0

30152/
72

27250/
70

30551/
T

90150/

58250/
T0

AFM 35-1 Title

Missile Engine
Mechenic/Technician

Alreraft end Missile

Electrical Repa
Technician

Refrigerntion Specialist/

Supervisor
Alrcraft Farly Werning

Rader Maintenance Repeir-

men/Technicizn

AMr Treffiec Control
Operator/Technician

Electronic Digitel Dota
Processing Repalrman
Overator/Technician

Dlet Supervisor

Aercmedical Specialist/
Techniclian

Fabric, Leather and
Rubber Products Hepair-
man/Repair Supervisor

Personal Equipment
Specielist/Supervisor

9.19

System hAssociation

Propulsion system rnd retro
rockets.

Electrical System

Maintain refrigeration oand
ventlilation equipment.

Redar Doppler Navigntion
Equipment.

Operateg acquisition end
precision approsach radar.

Insures proper operation and
repair of approech computer.

Supervises dietetics.

Sub-professiopal tasks for
physical exems and treatment.
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CHART IX - B
mePACE LAUNCHING SYSTEM
l. The estimates for the leunch system ere not included in view of the status of the Space
Leunching System (SLS) study. It cen, however, be estimoted thet the lsunch complex

personnel utilized in both the 1iquid/solid propell=nt type boosters will be integrated into

a team for support of this system.

2. At such time as the 5.L.5. is designoted as the primary leunch support system, o PSFP
will be mede for the launch vehicle nnd suzport AFSC's ns e part of this progrom,
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CHART IX - B

LUNEX/SPACE LAUNCHING SYSTEM

l. The estimates for the lsunch system ere not included in view of the status of the Space
launching System (SLS) study. It cen, however, be estimoted thet the leunch complex
persoonel utilized in bo'l.'h the 1liquid/solid propellant type boosters will be integrated into
a team for support of this system.

2. At such time ms the 5.L.5. i3 designated es the vrimary leunch support aystem, o PSFP
will be made for the launch vehicle and cuzport AFSC's as a part of this progrom.
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' LUNAR LANDING STAGE
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SECTION X

THTELLIGENCE ESTIMATE
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10. INTELLIGENCE ESTIMATES
10.0° INTRODUCTION

The purpose of this section of the program plan is to
estimate the foreign threat in terms of technical capabilities
and probable programs vwhich may affect the establishment of a
lunar expedition. The threat will be defined in terms of major
performonce capability end dates of operational availability.

10.1 FOREWORD

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

10.2 PERFORMANCE CAPABILITY

The Soviets have flown geophysical and component equipment
payloads on their vertical rcclets for the development, modifi-
cation, and acceptance testing of instrumentation for use on
their satellite and luner aireraft. They developed and used
complex scientific instrumentation on Sputnik III, and stabili-
zation, orientation and control equipment on lunik ITII and Sputnik
IV. Presently, by using their vertical rockets, the Soviets are
testing infrared equipment, in addition to collecting data on the
background noise level of the earth's surface. It is believed
thet a development program exists vhich eventually could lead to
cetection and reconnaissance satellites. The development program
which led to the photographic system used in Innik III is expected
to continue, with an eventual application in photographic reconnais-
sance and weather satellites.

The Soviet space launch capability is shown in the following
table of Sputrik and Lunik booster thrust levels:

Sputnik I 300,000 pounds
Sputnik II 300,000 pounds
Soutnik III 432,000 pounds

Lunik I, II, and IIT 456,000 pounds
Lunik IV, V, and VI 466,600 pounds

There is also evidence of a cluster of five 140,000 pound
units. The Soviets are developing engines of 1 to 23 million
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pound thrust. The estimated time for a booster to misten this
engine is as follows:

Single engine booster - 1963
Clustered engine booster ~ 1965

In general, it takes spproximately half the time for develorment
required in the U.S.

The maximm Soviet orbit capability, with present ICBM
boosters using five (140,000 pound thrust) engines and four
(6,600 pound thrust) engines is 10,000 pounds in low altitude
orbit. All Lunik and Sputnik vehicles utilized a third stage
having 12,500 pound thrust engine burning for approximately
420 seconds.

By vsing higher energy chemical propellants in modified
upper stages, the payload can be increased up to 15,000 or 20,0C0
pounds during 196). However, approximately 50,000 pounés of
payload may be attained by 1962 if ICBM launch vehicle thrust is
increased.

In the 1965-1970 periocd, a new clustered cheaical boscter
should aellow the Soviets to place 50 to 10D tons in urbit on
individual launches. This will vermit landing ~ men cn the moon.
10.3 SUMMARY AND CONCLUSIONS

Very early the Soviets realized the rroragenin value obtuin-
able from space adventures and, accordingly, hrve striven con-
tinuously for "firsts". This has apparently influenced the
detailed pattern for their space planning. Even though the
Soviets ghave achieved "firsts" in:

1) Establishment of an artificial earth sntellite

2) Rocketing vast the moon end vlacing a vehicle into
a solar orbit

3) Hard impact on the moon

4) Photographing the side of the moon not visible from
the earth

5) Safely returning mammals and men from orbit
it seems obvious that the Soviet attempts to score "firsts" will

continue.
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Although large orbiting snoceeraft appear to be the orime
Soviet technicel objective during the period of this cstimate, it
is believed they will continue to use and improve their current
lunar probe capability since there are many "firsts" yet to be
accomplished in the exploration of the moon. These include lunar
satellites, lunar soft landings, lunar soft landings and return
with actual samples of the lunar surface, and, finally, a tankette
for a true lunar exploration.

It is expected thet the Soviets will continue to launch
unmanned lunar rocket probes for the purpose of reconnoitering
the moon and near moon environment for the application of this
knowledge to the development of manned lunar exploration systems.

Since soft landings are essential for obteining data on the
lunar surface, it is believed that the Soviets definitely will have
to develop techniques for achieving lunar soft lendings, especially
soft landings and return to earth, to establish the procedures to
be employed in accomplishing the main objective of establishing a
manned lunar station. The first of these test vehicles could be
very similer to their Arctic automatie weather stations that
presently are Jettisoned from aircraft. This vehicle would be
able to record temperature, micro-meteorite impact, verious types
of radiation, particle concentration, seismic disturbances, solid
resistivity, and depth of probe penetration. As lending techniques
are improved, larger payloads with increased instrumentetion for
terminal control and lunar re-start and leunch czrebilities will
undoubtedly be developed. -

Circumlunar flights by manned space vehicles, and eventually ‘

lunar landings, will be required in order to know more rrecisely
the environmentsl situation preliminery to the eventual establish-
ment of a lunar base and the complete conguest of this body. This
is considered to be a more distant objective of the Soviet oprogram
and its attainment will appear, if at all during this decede,
toward the end of the period.

Although the landing of a "tankette" 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 consideration.

The Soviets have published extensively on such a& vehicle, and
Yu D. Khelbtsvich, Chaimmen of the Science Technical Committee for

hudio Remote Control of Cosmic Rockets, has opublished his preliminary

design of a tankette laborstory for lunar exploration. Graduate
students of Moscow High Technical School now are exrverimenting with
models of a tankette in layers of powdered cement to simulate
powdered soll conditions which might be exvected on the moon.
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Actual accomplishme:nt of the project will have to await the
availability and flight testing of the new booster with thrust in
the millions of pounds category in the 1965 time period.

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

satellites which cannot be accounted for on the basis of data given

out. 1t should be presumed that this could be military payloads.
#With this in mind, it can be stated that during the early 1970's
it is possible that space weapon systems will be developed as &
supplement to earth-based 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 eir conditioned enviromment for moon-based delivery systems.
For increased survival security end decreased requirements for
"imported" construction material, it seems reasonable to assume
that these would be constructed under rather than above the mcon's

surface.
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GLOSSARY OF TERMS

The Lunar Expedition Program, like any major program or
technical discipline;, has developed specisl terminology to better
describe the problem areas, techniques, equipments, environmental
conditions, and cbjectives assoclated with the program.

This glossary presents the definitions for the special terms
used in the IUNEX program, as well as the standard terms and
- established program titles used in this document.

Figure A-l, Lunar Transport Vehicle, is used to illustrate
the definitions vhere referenced. 3

LUNAR FROGRANM TERMINOLOGY
Boosters

Boosters represent the capability of lifting a wehidlé .om
& desired trajectory. The Space Launching System useg the
following "boosters™:

"A" = Desighation of a booster with a single J-2 engine
using mx/ma and having a thrust of 200,000 pounds
vacuum.

"B" - Designation of a LOX/1H, booster having an initial
veight of 480,000 pounds and & vacuum thrust of
m'm mﬂ.’t

"C" =- Designation of a LOX/LH, booster having an initisl
weight of approximately 1,800,000 pounds and a thrust
of 3,000,000 pounds vacuum.

Solids - Solids ere desigpated by numbers as follows:
"310" where it represents a solid booster weighing
410,000 pounds. .
For larger payload requirements the Space Launching
System designates booster systems in the following
manner:

"AB410" - Where the first firing stage is a
410,000 pound solid booster, the
second firing stage is a B booster
and the third firing stage is an
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Cargo Puckage

The Lunar Cargo Packag: (Sen Flgure A-1, item ) is thet purt
of the Cargo Payluad which rmpresents a vackages con=isting of
supplies, equipment, ~te,, n=cded on the lunar curface.
Preliminary design data inlicates that sn amount in exeess

of 40,000 pounds must und can be deliver=d to the luner
surface.

Cargo Psyload

The Cargo Payload iz th-t part of the lunar Trnnsport Vehicle
vhich is placed on a rnl=zcted lunar t ijectory and is bonsted
to earth escape velocity. It consists of two major parte.
These are:

Lunar Landing Stage
Cargo Pachage

This division is schematically represented in Figure A-1l by
the parts labelled b =nd e. The cargo payload does not in-
clude a Lunar Jaunch Stage since the cargo packnge reamains
on the lunar surface. The w=ight of the Cargo Packzge is
equivalent to the ccombined weight of the Luner Re-entry
Vehicle (3 men) and the Luner Launch Stage=. The Corgo
Payload weighs 174,C00 psunds ot earth escape.

Circumlunar

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

Circumlunar sion Sta

A stage attached to the Lunex Re-entry Vehicle to provide a
suitable propulsion and control cepsbility for maintaining
the Re-entry Vehicle on & civcumluner irasjectory.

Delayed Procurement Concept

Concept of deferring the final ordering end production of
high=cost insurcnce type spares until maximm flight
experience is avellable,

High-Speed Re-en Test

A test program using a spccial Re-entry Test Vehicle desigped
to obtain fundamental re-sntry data snd specific configuration

data at re-entry velocities of 25 to 45 thousond feet per second.
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Lunar Expedition Facility

A facility designed to be constructed under the lunar surface and
to support the lLunar Expedition. This facility will be designed
so that it can be readily expanded to support future military
requirements

Junar Landing Sta

The Lunar Landing Stage is that part of the Manned lunsr Peyload
thet will land the Manned Lunar Poyload et a selected site on the
surface of the moon. The expendesd portion of thic stage is left
on the luner surface when the Lunex Re-entry Vehicle is launched
for the return trip to earth (See Figure A-1, item b.).

Lupar Landing Stage = Cargo

The Lunar Landing Stage of the Cargo Payloed (See Figure A-l,
item b' ) is identical to the landing stage of the manned Lunar
Payload. It provide the capability of soft landing the Cargo
Package at a preselected site. The Cargo Peylozd is unmenned and
the landing operation is automatic. The Tunar Landing Stege re-
mains on the lunar surface with the Cargo rayloed.

Lupar Launch Comolex

The Lunar Launch Complex consists of the base facilities, inte-
gration buildings, check-out buildings, launch pads, propellant
manufacturing plants, the complex control center and all of the
equipment reguired to earth launch and support the Luncr Expedition.

Lunar Launching Stage

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

Lunar Team

The Lunar Team consists of Air Force technical personnel from
various Air Force System Comnnnd orgenizations and the various
Air Force Command orgenizations. This team wes formed to assist
the in establishing & sound Lunar Fxredition program. The
membership during the past two years has varied fram 30 to 50
personnel:

Iunar Trans Vehicle

The ILunar Transport Vehicle is reguired ts transrort m=n and
materials for the Lunar Expedition. The Tunar Trunscort Vehizle
- Al.3
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consists of = Hpnee ILaunching Vehicle mnd one of two payloads.
One prylund is the Manned lunar Payload and the other is the
Cargo "aylosd (“ee Figure A-1)

LUNEX

S —

LUNEY is & short title for the Lunar Expedition Program

Tunex Frogrea TNirector

The lunex rrogram Director is the individual responsible for
directing and controlling all ferets of the Lunar Expedition

Progrem.

Luncx Re-entry Vehicle

The lLunex Re-entry vVehicle (See Figure A-l, item d) is the only
pert of the Manned Luner Feyload that returns to the earth. It
carries three men end all the necessrry life support, guidance,
and communication eauipment that is rrouired. It re-enters the
earth's atmosphere and uses aerodynamic braking to slow down
ond land like a conventional airplane. The preliminary design
of the lunex Re-entry Vehicle calls for a vehicle 52 ft. long
with a return weight of 20,000 pounds.

Man-rated

A vehicle, or system ic considered to be "man-rated" when
sufficient ground and flight test detza has been accumulated
to determine thet the reliebility objectives for the item
have been achieved and that the abort system satisfactorily
compensates for the inherent unreliability of the system.

¥anned Lunar Payload

The Manned Lunar Payload is that part of the Lunar Transport
v2hicle which is placed on a selected lunar trajectory and is
boosted to an earth escape velocity of approximately 37,000 feet
per second. It consists of three major parts. These are:

Lunar Landing Stage
lunsr Launch Stage
Lunex Re-entry Vehicle (3 men)
This division is schematically represented in Figure A-l1 by the

rarts labelled b, ¢, and d. The complete Manned Lunar Payload
weighs 134,000 pounds at earth escape.
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Responsive Production Concept
A concept vhereby long lead portions of high-cost operational A

spares are purchased unassembled to reduce costs until final
decision is made on spares procurement.

Space Launching System

The complete system, including ground facilities, propellant 1 )
manufacturing facilities, etc., as required to launch the i
boosters required for space operations.

STANDARD OLOGY i

AGE . :

. A term used to describe the Aerospace Ground Enviromment 2
reduired for a 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 safety in the event of a malfunction of the Lunar
Transport Vehicle. .

P.E.P. are the initiels for "Program Evaluation Procedure”.

It is a management tool which uses an electronic digital computer.
It has the capacity to handle larg= masses of data quickly.

The PEP system provides information that will enable the Lunex
Frogram Director to quickly identify, locate, and consequently,
correct program trouble spots.

QQFRI
A term used to describe Qualitative and Quantitative Personnel
Requirements Information that is required to properly plan for
personnel training.

RFIR

A term meaning Real Property Installed Equipment that is
synonymous with Technicsl Pacilities. Technical Facilities are
those structural and related items vhich are built and/or in-
stalled by the Corps of Engineers and then turned over to the
Alr Force or an Air Force contractor.
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U"AF Lunar Chart

& chﬁrt prepared to a ccale of 1:1,000,000 and covering the
lunar surface. iresent nlens cnll for the rreruretion of 1Lk
indivicdual charts to cover the complete lunur surfoce.

B2SS is the derignation for "Biamedical Urbiting fatellite
System™. The BUY» progrem uscs wrimates tn provide life
scicnce dota for designing mnnned snace systems.

SAINT
The TATINT program wvill develon znd demonctrzte orbitel rendezvous

and catellite insvection techninues. [t will further demonstrate
the canability of elnsing, Jucking, and refueling.
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