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1 • 0 SUJ-9-tARY 

1.1 PURPOSE 

The Lunar Expedition bas as its objective manned exploration 
of the moon vi th the first manned landing and return in late 1967. 
This one achievement it accomplished before the USSR, vill serve 
to demonstrate conclusively that tbis nation possesses the 
capability to vin future competition in technology. No space 
achievement short of this goal vill 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 196o examined all facets ot the problem and techniques 
of sending men to the moon and resulted in a feasible concept 
vhich is attainable at an early date and is economical and reliable. 
Laboratories vithin the Air Force participated in this e:tfort, thus 
establishing a broad technological base vhich can. react quickly to 
an expanded high priority program. 

1.3 DESCRIPTION 

The lWlar mission v6u.l,d be initiated by the launching o:t the 
lunar payload by a large, three-stage liquid or solid propellant 
booster to escape velocity on a lunar intercept trajectory. Tbe 
payload, consisting of a Lunar Landing Stage, Lunar Launching Stage 
and a manned vehicle, vould use a lunar horizon scanner and a 
doppler altimeter for orientation prior to a soft landing using 
the Lunar Landing Stage. Terminal ¢dance using prepositioned 
beacons vould be required for landing at a preselected site. The 
LWlar Launch Stage .vould provide the necessary boost :tor the return 
to earth of the manned- Lunex Re-entry Vehicle. Using mid-course 
guidance and aeroo.Ynamlc braking, the vehicle vould e:t:teet re-entry 
and a normal unpovered aircraft landing at a ZI base. 

In addition to the manned vehicle a . cargo 'Payload is included 
in this plan. The cargo payload voul.d utilize the same three-stage 
earth launch booster and the same lunar landing techniques. Bow-
ever it vou1d not be returned to earth and vould 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 11 method since studies have indicated it could be available 
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at an earlier date and it vould be more reliable. Another cQncept 
is also suggested vhich consists o~ the rendezvous and assembly of 
components in an earth orbit bet"ore injection into a lunar trajectory. 
The techniques and development required t"or this latter concept are 
documented under a separate SSP titled, SAINT. Therefore, no 
detail.& of this concept are presented in this plan. AJ.l schedules 
relating the tvo 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 o:f them has clear 
advantages over tbe other. 

The folloving 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 
o~ 37,000 rt/sec. It must also be capable or making a conventional 
aircraft landing. Control and ~proved guidance for entering the 
earth's atmosphere at the proper place and angle is needed as vell 
as improved materials to vithstand the high surface temperatures. 
Adequate lite support equipment is also required. The development 
ot 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 ft/sec to 20 ft/sec 
at touchdovn. A doppler altimeter is required to provide information 
~or ignition and control of the engine. Horizon scanners must be 
used to orient the payload to the local vertical. 

c. A Lunar Launch Stage capable of launching the manned 
Lunex Re-entry Vehicle from the lunar surface. Lunar as~ent 
guidance is required to place the vehicle on the proper trajectory. 

d. A three-stage earth laULch booster, referenced as a 
space launching system. The first stage vill use either IJJX/IJJe 
vith six million pounds of thrust or a solid fuel W'ith an equivalent 
launch capability. The second and third stages W'ill use J.£JX/LH2 • 
The development of this space launching system is considered the 
pacing development item for the LUNEX program. Because of the 
magnitude of the booster pr~ and the~pplicability of the 

~ 
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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, 
additional information is required about the lunar surface such 
as its physical 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. l\UlU landing) program 
could also incorporate radio-light beacons which would be used 
later in conjunction with a terminal landing system. A core sample 
of lunar material 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 ft/sec is one of the major problems. Guidance 
equipment must 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 1 vhile too sballov an entry angle may 
permit the Lunex Re-entry Vehicle to skip out of the atmosphere 
into a highly eccentric earth orbit. If this happens, the vehicle 
may spend several days in the trapped radiation belts and may exceed 
the time limits of the ecological system. 

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

The Lunar Launching Stage Vill be another difficu+t development. 
The prelaunch countdown must be performed automatically and, it the 
launching booster is not vertical upon laWlch, corrections must be 
made in order to attain the required moon-earth trajectory. 

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

L 5 MILESTONES 

Major milestones in the program are: 

'? · 
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in 1965. 
a. Recovery or a manned re-entry vehicle tram 501 000 miles 

b. Manned circumlunar flight in 1966. 

c. Manned lunar landing and return in 1967. 

These and other sign11'icant events are shovn on Cbart I-A. 

1. 6 CAPABILITIES DEVELOPED 

The development or large boosters, rendezvous techniques and 
maneuverable space vehicles, all required 1'or the Lunar Expedition, 
vill also provide a capab111 ty for many nev and advanced space 
achievements. For example, the Space Launching System. vhich vill. 
boost 13~,000 pounds to escape velocity vill boost approximately 
350,000 pounds into a 300 nm orbit, or vill launch a manned vehicle 
on a pass around either Mars or Venus. 

1. 7 MANAGEMENT ACTIONS REClUIRED 

'lbe major Management Milestones for n62 and F.t63 are shavn 
on Chert I-B. llllnediate attention by Management to obtain Program 
Approval and FUnding b.y July 1961 is necessary i1' the United 
States .is to put a "man on the moon" by August 1967. 

'lbroughout the WNEX program time allocated for management 
and Air Force technical eva1uations has been kept to a min1nnn. 
'Ibis is essential to meet the schedules, and delays in providing 
:f'nncUng as 1Ddicated, or in receiving notirication of required 
decision, vUl have the direct errect o1' delaying the program end 
objec+,ive. 
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CHART I• A 

LUNAR EXPEDITION PROGRAM MILESTONE SCHEDULE 

CALENDAR YEARS 

1961 1962 1963 1964 1965 1966 1967 1968 

PRELIMINARY DESIGN COMPLETE C LUNEX PAYLOAD) 0 
PROGRAM APPROVAL AND FUNDING 

ENGINEERING DESIGN AND MOCK·UP ~ 1\. 

INITIATE HARDWARE PROCUREMENT <> 
RE-ENTRY VEHICLE ( 90o/o ENG REL I <} 
LUNAR LANDING STAGE ( 90% ENG REL) 
FIRST MANNED ORBITAL FLIGHT <> 
CARGO PAYLOAD ( 90o/o ENG REL) 0 
LUNAR LAUNCH STAGE ( 90% ENG REL I 
FIRST LUNAR LANDING (CARGO TEST FLIGHT I < I) 
MANNED CIRCUMLUNAR FLIGHT 
SPACE LAUNCHING SYSTEM FLIGHT QUALIFIED 0 
MANNED LUNAR LANDING AND RETURN ( I) 
PERMANENTLY MANNED LUNAR EXPEDITION 

LUNAR EXPEDITION FUNDING REQUIREMENTS( MILLIONS) 27 112 3:50 710 1320 140:5 1760 
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2. PROGRAM DESCRIPriON 

2.0 BACKGROUND 

Shortl.y after the first Sputnik vas launched in Octob':r 19571 

· Headquarters, ARDC initiated a series of studies to eX3min~ the 
mill tary potentiaJ. or space operations. These studies vere 
accomplished by Industry-Air Force teams each vorking independently. 
'1\lo of these studies vhtch vere the forerunners of this Lunex pl.an 
vere 't.unar Observatory" and ustrategic Lunar System." The objective 
of the first study vas to examine an economical., sound and .l.ogical. 
approach for establ.ishing a manned intel.l.igence observatory on the 
moon, and the second study examined the mil.itary potential. of l.uoar 
operations. These studies shoved that it is technically and 
economical.l.y feasibl.e to buil.d a manned l.unar facil.ity. 

A third study ti tl.ed, ''Permanent Satell.i te Base and Logistic 
Study" is presently under vay and vill be completed in August 1.961. 
This study vill provide a conceptual design of a three-man re-entry 
vehicle vhich vill. carry men to find from the moon. The three-man 
vehicle is the key item in the l.unar transportation system as its 
veigbt vill dictate the booster sizes . For this reason it is given 
special attention in this plan. 

2 .1. WNEX PROGRAM OBJECTIVE 

The objective of the Lunar Expedition pro~ is the manned 
exploration of the moon vith the first manned l.unar landing to 
occur as soon as possibl.e. The execution of this plan v1l.l. land 
three men on the moon and return them during the 3rd quarter of 
calendar year 1967, and vill establ.isb the Lunar Expedition 
in 1.~. Completion of this plan vil.l. require the devel.opment of 
equipment1 materials, and techniques to transport men to and from 
the l.unar surface and to provide a l.unar facil.i ty vhich Vill al.l.ov 
men to l.ive andvork in the extremely harsh lunar environment. 

2.2 LUNEX PROGRAM - DESCRIP.riON 

The Lunar Expedition Program is primarily concerned vith the 
development of the equipment necessary to transport men and supplies 
to the l.unar surface. 

The key development in this program is the Lunar Transport 
Vehicle vhich is CCClposed of the Space Launching System and either 
the Manned Lunar Payl.oad or the Cargo Payl.oad. 
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 t}le Cargo 
Payload. The relative effort required for the devel.opment of these 
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tvo payloads in comparison vith other portions of the complete Lunar 
Expedition Program is shovn in Figure 2-1. A breakdown of the L\Ul&i" 
Transport Ve~cle is shown in Figure 2-2. 

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

In operation, the Manned L\Ul&r Payload, veighing 134,000 pounds, 
vill be boosted to escape velocity or approximately 37,000 ft/sec 
on a trajectory vbich intercepts the moon. Velocity vill be sufficient 
to reach the moon in approximately 2~ days. As the Manned Lunar Pay
load approaches the moon 1 t is oriented vi th the local vertical. by 
the use or horizon scanners. The Lunar Landing Stage decel.erates the 
Manned Lunar Payload for a soft landing at a presel.ected site using 
an al.titude sensing device to determine time of ignition. Landing 
at the preselected site vill be accomplished using terminal. guidance 
equipment and a prepositioned beacon to effect an orr-set l.anding. 

The Lunar Launching Stage, using the Landing Stage as a base, 
vill launch the Lunex Re-entry Vehicle on the return trajectory. 
In early test shots before men are incl.uded, the COWltdown and 
l.aunch vill be effected automatical.ly by command from the earth. 
Small mid-course corrections may be necessary to insure re-entry 
into the earth's atmosphere vithin allowable corridor limits. 

The Lunex Re-entry Vehicle vil.l re-enter the earth's atmosphere 
vitbin the al.lovabl.e corridor so that it vill not skip back into 
space again nor burn from excess heat. It vil.l use aerodynamic 
b~ing to decel.erate and vil.l ~ve suf~icient lift capability to 
effect a normal. unpovered aircraft landing at a base such as 
Edwards Air Force Base. 

Several successful. unmanned,compl.etely automatic flights of 
the type just described must be compl.eted in order to establ.ish 
confidence in the system reliability before manned missions vill be 
attempted. 

Cargo will be transported to the l.unar surface using the same 
procedures and equipment except that the Lunar Launch Stage is not 
needed. The Cargo Package vil.l bave a weight equal to the combined 
veight or the Lunex Re-entry Vehicle and the Lunar La~.mch Stage. 

As a separate approach to the probl.em of placing l.arge payloads 
on the moon, techniques or rendezvous and assembly in earth orbit 
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are being examined. Use or these techniques would require the launch, 
rendezvous and orbital assembly or sections of the Manned Lunar Payload 
and the Cargo Payload along vith the required orbital launch booster 
and its fuel. The assembled vehicle vould then be boosted fran orbital 
velocity tc, escape velocity and vould proceed as described above. De
tails ot the maJor developments required such as rendezvous, docking 
and orbital assembly are outlined in a System Package Plan titled, SAINT 
being prepare~~ concurrently. .A:Ll progr811111ing information and schedules 
have been coordinated vi th this plan to insure compatib1li ty and 
mutual support. 

2. 3 DESIGN PHILOSOPHY 

The Lunar Expedition Plan has been oriented,· tovard the develot:ment 
ot a useful capability rather tban the aecomplisbment ot a ditticult 
task on a one-time basis. The use of a large booster is favored tor 
the direct sbot approach since studies bave shovn this to be more re
liable, sater and more econcmical as well as baving earlier availabllity. 
Bovever1 another approach using a smaller b~ster 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 veight determined the size of the Lunar Launch 
Sta~ vhich in turn determined the size of the Lunar Lancling Stage. 
The total veight 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 vas determined. 

A 2i day trajectory each vay vas selected as a conservative 
design objective. Longer flights would bave more life support and 
guidance problems while shorter rllghts require higher boost velocity. 

An a!Jort 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 a high priority basis. 
Thus 1 the schedules sbavn in this plan are dictated by technological 
Umitations and not by funds. 

The entire program as described herein is an integrated program 
in tbat later development tests build on the 1-esults of earl.y tests. 
Thus 1 equipment and techniques are proved out early 1 and contidence 
1n tbe rellabil.ity is obtained by the time a man is included. 

2. 4 ABORr PBILOSOPIIJ 

The insertion ot a man into a space system creates a safety and 
reliability problem appreciably greater tban "tbe problem faced by 
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any unmanned system. It is vell recognized that maximum reliability 
is desir.able, but also knovn that reliabilities in excess ot 85 to 
9(11, are extremely ditticult to achieve \11th systems as complex as 
the LWl&r Transportation System. Tberetore, the need tor an abort 
system to protect tlle man during · the "unreliable" portions ot the 
lunar mission is accepted. 

A reviev ot the proposed tec~quea and equipment& to provide a 
"tu.ll abort., capability bas shown tbat due to payload lim1tations 
this is not practical during the early lunar missions. Thus a 
reasona~le element of risk \li.ll be involved. In order to decrease 
this element ot risk and to understa.nd vhere it occurs tbe lunar 
mission has been diVided into six time· periods. These time periods 
are as follovs: · • 

a. Earth ascent. 

b. Earth-moon transit. 

c. Lunar terminal. 

d. Lunar ascent. 

' e. Moon-earth tr.ansit. 

r. Re-entry. 

The development and test philosophy tor this program is to 
launch the manned systems as early as possible in the program, but 
in an unmanned status. This vill provide experience and allow the 
system tO be checked out and "man-rated" before the tirst IIIB.Dlled 
flight. It al.so means that the LWlex Re-entry Vehicle vill be used 
tor orbital. and circumly.nar flights prior to the lunar landing and 
return tligbt. The propulsion systems used tor these early" nights 
\li.ll be used throughout the program and the experience gaf.Jled 1':rclll 
each flight vill increase the probability of success 1n reaching 
the final lunar landing and return objective. Also these pro
pulsion systems vill be used concurrently 1n other programs and 
at the time of man-r.ating vill possess greater launch experience 
than can be expected for the largest booster of tbe Space Launching 
System. This vou1d indicate that a larger number of unmanned nights 
should be schedu1ed tor the larger tu1l boost system than tor the 
early flights. It also points out the need tor a sophisticated 
Earth Ascent Abort capability during the first manned lunar laading 
and return fiight. 
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In providing an abort philosophy tor the Lunar Program it should 
be noted thatf the Lunex Re-entry Vehicle, the LWlllr tanding Stage 
and the Lunar Launching Stage ~possess inherent abort capability 
if utilized properly dilring an emergency. With sutricient velocity 
the re-entry vehicle is capable or appreciable maneuvering and 
landing control to provide its own recovery s;ystem. The Lunar 
Launching and Lunar Landing Stages possess an appreciable h,v 
capabill ty tbat can be used to alter the payload trajectory to 
better accomplish recovery or the man. However, 1n either case the 
maneuvers vi11 have to rely on computing :techniques to sf'\ect the 
best possible abort solution for any speciric situation. • 

With this background, and vi th the understanding that 1n a 
future rinal. design effort "tul.l abort" JIBY be required, the 
following abort design objectives for the Manned Lunar Payload are 
presented: 

a. Earth Ascent Phase 

(1) On Pad. 

Full abort system \1111 be provided. 

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

Full abort system 11111 be provided. 

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

The basic Manned Lunar Payload vUl provide 
the abort capability. 

b . Earth-Moon Transit 

(1) Injection 

Abort capability to compens~te for inJection 
error is desired as part of the basic Manned Lunar Payload. 
Computing, propulsion, etc., capabilities should be designed into 
the basic system to provide for the selc.:tion ot the opti.mum abort 
trajectory. 
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(2) Mid-course 

Abort capability during Earth-Moon transit is 
desired -ror the Re-Entry Vehicle by means ot a direct earth return, 
earth orbit, or circumlunar flight and earth return. Circumlunar 
night seneral.ly requireS the least~ V 1 bUt the actual selection 
ot the optimum trajectory should be accomplished vhen required by 
a computing capabill ty, and executed by the Lunar Payload. 

c. Lunar Terminal 

This type of abort generally ~sults from loss of 
propulsion or control of the Lunar Landing Stage. Where possible 
the Lunar Launching Stage vill be used to attain a direct or circum
l\Ular traJectory tbat terminated in an earth return. When this is 
not possible the Lunar Launching Stage vill be used to accomplish 
the safest possible lunar landing. Recovery of the crev vill not 
be provided in this system and selection or the above.alternatives 
vill be accomplished automatically on-board. ere~ recovery vill 
be provided by another stand-by L~r 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 veigbt 
penalty.imposed by a separate abort system. 

The early missions vill be faced vith the highest 
risk, but as a facility on the lunar surface is developed, a 
rescue capability and the addition or an abort capability can be 
developed. No specific abort system vill. 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 vould generally be associated vith a grot>s 
trajectory error, or loss or control on re-entry. The only 
solution is to utilize the on-board capability that remains to 
achieve an earth orbit. After achieving orb! t an earth launched 
rescue mission vould be initiated. 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 vhr::re abort vould be desirable. Should 
sufficient ~ v remain from the over-design of the lunar launch stage, 
and not be used during Moon-Earth transit this vould be used to attain 
an earth orbit vhere rescue could be achieved. No separate abort 
capabilitf is required for this phase, but availability of pro-
pellant should be considered. · · 

2.5 EXPEDrTION PLANNING 

A detailed plan must be prepared tor the complete Lunar Ex
pedition operation. This plan must start from the first time man 
lands on the lunar surface and account for every sjngle effort, or 
objective be is to accomplish during his stay on the surface. A 
crev of three men vill be sent into a nev and hostile environment 
vhere rescue or assistance from other human beings vill be extremely 
difficult, if not impossible, for the first mission. Time vill 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 facility must all be derived, demonstrated 
and proven by earth operations prior to attempting the desired opera
tion ori the moon. An environmental facility that simulates the lunar 
surface vitb sufficient vork area to test out equipment and procedures 
vill be required. 

The actual landing operation and the first effort by men on the 
surface requires detailed data about the moon's surface. The follov
ing chart represents the best available data. The chart is a portion 
of a Lunar Sectional having a scale of 1:1,000 (l inch equals 16 
miles) produced by the USAF Aeronautical Chart and Information Center, 
St Louis, Missouri. Present plans call for the eventual production 
of 144 charts to cover the complete lunar surface. 

The best photographic resolution to date is around one-half 
mile on the lunar surface, vhich 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. Hovever, larger 
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scale, accurate lunar charts vill be required to complete detailed 
plans. Data can be obtained for such charts from a 1\Ular orbiting 
photographic satellite vhich vill provide sufficient resolution and 
overlap 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 vill be necessary before plans 
can be completed. 
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CONTROL 
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].0 ~ODUCTION 

'lhe establishment of the lAmar Expedition Program as a ·National 
objective Will provide a wortby goal for the. United States ·industrial 
and governmental organizations . 'lbe Wne.r Expedition program has been 
based on extensive study, design and research 'WOrk during the past 
three years. · 

A Lunar Expedition program will require the use and centralized 
control of a major portion ot the present mili tar,y space capability. 
1bis vill have the effect of giving the m111tary program a scheduled 
long-range objective, and still provide useable m111tar;y capabilities· 
throughout ther period. As an example, manned re-entry vehicles for 
orbital operations v.l.ll be available in early 1965. ~s 'Will be 
followed by' a manned lunar re-entry vehicle in 1966. 

. . 
Propulsion and Space Launching systems 'Will be required to 

support the LUNEX program • . 'lhis program v.l.ll set orbital and escape 
velocity pBiYload requirements ranging :f'rc:a 20 to 350 thousand pounds 
in a 300 mile orbit and f'rc:a 24,000 to 134,000 pounds at escape 
velocity. 'lhis capability w1ll be obtained at an accelerated pace for 
the UJNEX program and as a result the same capab111ties vUl be availa
ble tar m:Llltary use much earlier than could be achieved if the start 
ot the developnent programs had to be Justified at this time entirely 
on the basis ot military usefulness. 

' 
~ accc:aplishment or the WNEX program v.lll require maximum 

use of several presently programmed ef'f'orts and reorientation or others. 
'lhe major programs of' direct interest to the Iunex are the SAINT and 
BOOS programs. 'lheretore, these e:rtorts have been coordinated and 
integrated With the UJNEX program. 'lbe BOOS shots vlll provide the 
necessary orbital primate test data to al.lov the JDBDDed life support 
package f'or the lmlex Re-entry Vehicle to be designed. !lhe SAINT 
unmanned and JDBDDed program will provide adc11 tion.al. orbital infor
mation on rendezvous, docking, and personnel and tuel transfer. In 
the event that the direct shot approach for the lmlar expedition 
requires reorientation in tuture years to use orbital assembly 
techniques this capability will be available :f'ral:l the SAINT program. . . 

3 .l. MAS'.Ii"B FROORAM FHASING CHART 

'lbis schedule presents the integrated m:l.litar,y program required 
to acccmpl1sh the lm1ar Expedition mission and to develop techniques 
for operating in tbe earth orbital and lunar areas. It was prepared 
to indicate the interrace betlieen this Lunar Bxpedi tion S;ystem 
Package Plan and the Space LBunclling System. 'lhe major national 
objective of' this integrated program is to land men on the moon and 
return them in August or 1967. 
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3.2 . I1JNAR EXPEDITION HlOGRAM SCID;LiULE 

'lbis schedule presents the major items to be nccomplished as 
a result of the UJNEX program. '!he costing as show on the schedule 
does not include the cost or developing the Space Launching System 
since this i~ pr~.-ilied under a separate System Packa~ Plan. 
However 1 the cost or purchasing the flight vehicles is included. 

ibe major "prestige.. milestones or the program can be 
sUIIIll&li.Zed as follovs : 

First Manned Orbital Fligbt 
(3 l1M Space Vehicle) 

First I.uPar Landing (Cargo) 

!<tanned Circumlunar Flight 

Manned Imlar Landing & Return 

~:rmanently !.tanned Lunar Expedition 

April. 1965 

July 1966 

Sept. 1966 

Aug. 1~7 

Jan. 1968 

3.3 I1JNAR EXPEDITION W\NAGEMENT MIIESTO!."a:S FY62 - FY63 

·ibis schedule indicates the major Ll1NEX progrOOD efforts 
requ:li-ed during fiscal years 1962 and 1963· 'lbe time all.ocation 
for manasement and Air Force technical evaluations have been kept 
to a minimum. in order to meet the end objective or "man on the moon" 
1n August 1967. 

Several critical major decisions are required and are summarized 
belov: 

Program Approval. & Funding 

Develop~~ent-P.roduction Funding 

Design Concept Decision 

Approval for Hard'W81"e Go-Ahead 

July 1961 

Dec. 1962 

Jan. l.963 

Feb. 1963 

Del~s in providing the funding indicated, or in receiving 
notification o1' decisions required, Vi.ll have the direct effect of 
delqi.Dg the end objectives. 'Dlis problem could be effectively 
solved by a st.Teamlined management structure having a minimum number 
or rerlev.ing authorities. 'lhe present AFSC procedures are a step in 
the right direction but more direct channels are desirable at the 
higher COIIIDand l.evels. 
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3. 4 UlNAR EXPEDITION TEST SCHEDULE 

This schedule presents the major test items required for the 
LUNEX program. Upon ccmpletion of' the program manned transport and 
unmanned cargo vehicles will be available to support the Lunar 
expedition. 'lhe cargo vehicle will be capable or transporting 
approximately 45,000 pound "cargo packages" to the lunar surface 
tor supporting the expedition. 'lhis same vehicle \IOUld be capable 
or transporting future military pa;yloa.ds to the lunar surface to 
support space mil.i tary operations. 

A detailed high-speed re-entry test program and an abort 
sys~· test program is scheduled to provide basic re-entry data 
and td insure the safety of' the men in the Lunex Re-entry Vehicle. 

Prior to the f'irst "manned lunar landing and return" flight, 
a series or test and check-out !lights Will be required. 'lbese 
v.l.ll 1n1 tial.ly consist of' orbital flights, and then very high 
altitude (50,000 mil.es or more) elliptical flights f'or testing the 
vehicles under re-entry conditions. When these have been completed, 
the f'irst flights Will be made around the moon (circumlunar) and 
return to an earth base. With a completely man-rated vehicle, and 
Wlm8Dlled lunar landing flights cc::mpleted, man will then make the 
tirst landing on the moon tor the purpose or selecting a s1 te for 
the Lunar Expedition Facility. 

3. 5 WNEX SPACE lAUNCHING RmUIREMENTS 

' IJhe purpose or this schedule is to sWIID8rize the spa.ce launching 
vehi.cle requirements and indicate when the launches v.l.ll be needed. 

'lbe THCE-ABIB-STAR boosters vill be used for the re-entry test 
program. The Space lAunching System boosters designated as A, AB 
and BC, and solids as required, vill be needed as indicated and their 
~load capabilities are estimated as follows: 

Booster Pa.yload 

A 410 20,000 pounds ( 300 mile orbit) 

AB 825 87,000 pounds ( 300 mile orbit) 

AB 825 24,000 pounds (escape velocity) 

BC 2720 134 ,ooo pounds (escape velocity) 
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3. b £11-:NSONNEL MlD '1RAINING 

The Lunar E>.."J'Cdition program \1111 require military personnel 
and a military training program. Details or this program &Te presented 
in S~ction IX and summ.a.ri?.ed on the Lunex '!raining Schec1ule included 
in this section. 

The number of personnel required ld.ll increase :!rom a l.1m1ted 
ste.ff in the early Progrom otf'ice to a total or 6,000 personnel in 
the active expedition year. 'Ihis total does not include "in plant" 
contractor personnel which is estimated to be on the order of 6o 
thousand. 

T.raining of mil:lr tary personnel to meet the requirements or the 
WNEX program \1111 be 'uone by contractor and mllitaly training 
personnel. Maximum use 'W'ill be made or program equipnent 'When it 
can be scheduled for training purposes and 1D addition, all.ocation 
of production eq_uipnent is necessa:cy to meet training requirements. 

3 ·1 LUNEX CIVIL ENGINEmiNG FACJ:LITIES SCHEDULB 

The facilities developnent and construction program is shovn 
on this schedule. The :first item to be accomplished is a site 
survey to determine the extent that the Ll.JNBX program can be 
supported by AJ.1R and FMR. When this has been accomplished it v1ll 
be possible to determine if the early LUNEX test launches can be 
accaDplished by using present :facilities. Full consideration v1ll 
be given to the possibility o:r building the Lunex Launch Complex 
as Wl expcnsion o:r the AJ.1R or pt.:R. A more deta.iled presentation 
o:r the ~acili tiec program is contained in Section VIII Civil 
Ens:l:neeri.ng. 
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III-A lUNAR EXPEDITION 
MASTER PROGRAM SCHEDULE 

PROGRAM SCHEDUlE t 
DATE . 
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CHART 111·8 

LUNAR EXPEDITION PROGRAM MILESTONE SCHEDULE 

CALENDAR YEARS 

( 1961 1962 1963 1964 1965 1966 1967 1968 

PRELIMJNARY DESIGN COMPLETE ( LUNEX PAYLDAOJ ~I) 
PROGRAM APPROVAL AND FUNDING 

ENGINEERING DESIGN AtfD MOCK·UP [\. 

INITIATE HARDWARE PROCUREMENT ~~~ 
RE-ENTRY VEHICLE ( 90°/a ENG REL) ~I) 
lUNAR LANDING STAGE ( 90% ENG REL) 
FIRST MANNED ORBITAL FLIGHT -~ ~-
CARGO PAYLOAD ( 90o/o ENG REL J ~ ) 
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 0_ -- · PERMANENTLY MANNED LUNAR EXPEDITION 

LUNAR EXPEDITION FUNDING REOUIREMENTS(MILLIONS) 27 112 350 710 1320 1405 1760 
~ --· -· -·--

WOLAR·S·4~ 
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m C f LUNAR EXPEDITION. CY 60 CY 61 CY 6Z 

MANAGEMENT ~ILESTONES FY6Z- FY63 J f I• Ia •I• J ll s • I• It IJ I I A ~· J I• I IS I• ,I I J [f I• a IIIJ J !a 
I 
1 START 'PD~T.n.AT'NA.D,y (LRV) 
)_ 

• r:nu P LETE pllli': 1 .TLt'TN .& D y J 1 (LRV ) 

I 

' 'PDnr.DAU APPROVAL ANI) 1: Ul'U.II.I'fu 

l 
1 ENGI!·~F.io~RTNr. r.nu 'J:;T n'ION 
t AND :-UP -
II 
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4. DEVELOPMENT - TEST - PRODUCTION 

4 . 0 INTRODUCTICif 

Implementation of the lAmar ltxpedition will require a 
completely integrated program involving the developzaent, test, 
and production or items based on almost every know techniea1 
discipline. These technical disciplines are presently being 
investigated under a multitude or programs and ors-nizations. 
The Lunar Expedition program vill require these technical ett:orts 
to be immediately organized and re-oriented llhere necessuy. 
This can best be accomplished by preparing a detailed development, 
test, and production program. When this program is ccmpleted 
each technical area can be evaluated by comparing its present 
program obJect! ves and its required output to meet the Lunar 
Expedition program requirements. In the rollo'Ving paragraphs 
the Lunar Expedition development obJectives and technical per
rormance requirements are presented. The scope or the maJor 
existing technical programs and th~ necessary re-orientation is 
discussed. 

4 .1 DEVELOPMENT OBJECTIVES 

4.1.1 HIGH-SPEED RE-EN~Y 

At the present time hipJt-speed re-entry data in the velocity 
spectrum from 25,000 fi/sec. to 45,000 rt/sec. is non-existant. In 
order to meet the Lunex Re-entr;y Vehicle develop11ent schedule it 
vill be necessary to have high-speed re-entry data during the 
engineering design program for the manned re-entry vehicle. 'lhu.s 
a compressed and coordinated test program :for both ground test 
racilities and rlight testing is necessary. 

Inmediate action is necessary to schedule and design the 
higb-speed 'wind-tunnel test program. 'Ibis will s~ov the 'Qrpe of 
information that can only be achieved by means or night testing. 

'lbe High-Speed Re-entry :flight test program scheduled ror 
the Lunex program is necessar,y to provide basic data on re-entry 
as well as to rl.y specific shapes in the later period of' the test 
program. This selected shape program will be coordinated vith the 
Lunex Re-entry Vehicle design effort. 

In order to accomplish the HipJt-Speed Re-entry ~igb.t test 
program it vili be necessary to design and develop a test vehicle. 
This vehicle must use existing boost systems due to tiDe l:lm!.tations, 
but the pqload will bave to be designed especially t:or this program 
since none exi.sts at this time. It is believed that the Atlas booster 
vill prove adequate :for these tests, but a decision must avai t the 
test payload design. 
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4.1.2 MANNED WNAR PAYLOAD 

The largest single development obJective fo~ the LUNEX 
program is to provide a pay-l.oad capabl.e of transpo~ting· men and 
equipnent to the lUDar surface and returning them to a selected 
earth base. ibis payload vould consist of a Wna.r landing Stage, a 
Ilmar launch Stage aDd a 3-JDBD Iwlex Re-entry Vehicle~ 

A typical Mumed. I1mar ~load is shavu in a cut-awy view in 
Figure 4-1. !!he characteristics aDd General Arrangement o1' the 
Manned IAmar ~l.oad are shavn in Figures 4-~ and 4-3· '!his payload 
is 52 teet ll inches loJJg, baa the e.g. l.ocated 33 feet 8 inches f'ran 
the nose ot the re-entr;y vehicl.e and the interface cUameter with the 
Space Ie.wlch1ag S;vstem 1a 25 :feet. '!he canplete paylce.d veigbs 
134,000 pounds at escape vel.ocity 1 and a 20,205 pound M!nned Re-entry 
Vehicl.e is returmd to the earth. f 

The Iwleoc Re-entry Vehicle must be capable of entering the 
earth' a atmosphere vith a velocity of' approximate~ 37,000 tt/ sec. 
At the present time, basic re-entry iDtormation tor velocities or 
this magnitude does not exist. !lheref'ore, engineering design e:rrort 
tar this re-entr,y vehicl.e must be accanplished concurrently vith 
other major sub-systems devel.opments and integrated vith the High
Speed Re-enttT test program and the Abort System test and development 
program. !!his requires cl.ose management control ot these p~ograms 
by the Wl'iElC Prcsram Of:fice. 

Another major proble. f'acing the re-entry vehicle development 
program is the l.:U'e support package. 'lb.e planned schedule v1ll 
require the III8.DJ1ed l.i:fe support package to be designed on the basis 
ot earl.ier primate shots 1 Mercury shots and the Discoverer series. 
'lb.ese programs lead toward a JllllDDed capability, but tbia re-entry 
vehicle re~ires the first truly space life support package. 

. !lhe ~ landing Stage- 1111st be capable or landing the lunar 
launching Stage and ·the tuoex Re-entry Vehicle on the lunar surl'ace. 
At the present tille this is considered a dif':ficul t design problem 
because l.ittle ia· known about the lunar sur:race. Actual.ly the best 
photographic resolution to date. is approximately' l mile. ~ 
theories exist on the formation of the moon ancl theretore, the 
characteristics o:r ita present surf'ace. When these tvo factors a:e 
considered the only' practical design approach is to provide an 
al.ighting system capabl.e of' landing on an extreme~ rough sur:race. 
An automatic Ievel.iJJS, orientation and launching system is required 
f'or s;rStem check-out prior to DIBDI1ed f'llght. 1berefore, RDY' 
asBUDlption that the Mmned tAmar ~lOBd can be moved about on the 
lunar surf'ace ar that the payloads might initially transt"er 1\tel. on 
the lunar surface, might be entirely' erroneous and Jeopo.rdize the 
canplete hmar Expedition e:rtort. The l..aJ1d1l2g stage v:Ul also have 
to be developed so that it is capable of' landing the Cargo Payl.oads 
on the lunar surface. 
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'lbe lmlar lAunching stage must be developed vi th a different 
philosophy than the previous sub-systems. First, it only operates in 
a vacuum of space and on the lunar surface • Secondly 1 it v.l.ll bt:: 
required to function after it has been located on the lunar surface 
for an extended period varying tr0111. several days to JDB.DY months. 
'lherefore, the stage must be developed to launch the re-entry vehicle 
after being subJected to a better vacuum then available in our best 
earth laboratory faeili ties 1 following possible temperature variations 
of 400 to 500 degrees, follolli.ng possible meteorite bCIIlbardment and 
1'roDl a less than optimum launch angle. Specifically the stage 
development must consider propellant boil-off, automatic check-out, 
self-erection and remote (earth-moon) launching procedures. 

'lhe lunar lAunching Stage represents the maJor reliabili t,y 
problem of the system. because an abort capability is planned tor 
every phase of the LUNEX mission except during launch fran the lunar 
surface. During the early lunar flights an abort capability for 
this phase is Just too expensive ~load-wise for the Space lAunching 
System. An abort capability duringlmlar Launch essentially requires 
a duplicate lunar launching capabill ty because the man must still be 
returned to the earth by either this system, or a special rescue 
fllght. Therefore 1 untU lWlar support faci}.i ties are available e. 
separate system for abort dUring lunar law1ch dpes not seem practical. 
'l'his creates the requirement to develop an extremely reliable lunar 
launching Stage. 

4 .1. 3 CARGO PAYLOAD 

The successful support of the lunar Expedition Vi.ll require a 
capabUity to deliver relatively large Cargo Packages to the lunar 
surface. 'lhese Cargo Packages vill be soft landed at the desired 
lunar sites by the Lunar Landi.ng Stage. Each Cargo Package \o"i.ll 
weigh approximately 45,000 pounds and Vi.ll be specifically designed 
to carry the items desired to support the expedition. Development 
of the Cargo Pa;yload and the specific packages vill depend upon the 
Lunar Landing Stage design and the receipt of lunar environmental. 
data. 'lhe actual design of the lmlar Expedition FaciU ty Vi.ll only 
be possible wen deta:lled information on the lunar surface is available . 
'lhen v.l.tb. the tacillty design inf'ormation the required materials, 
equipnent, and procedures can be detel'mined and a payload delivery 
sequence clerived. 'lhe required p83"load delivery sequence is essential 
before the individual payloads can be designed and developed, but 
timely develop~~ent of major items of equiJment JDUSt proceed as their 
individual requirements beccme know. 

4 .1.4 ABCBT SYSTEM 

'lhe philosophy of abort has been presented in the Program 
Description section of this document. 'lhe developnent of the abort 
equipz~ent 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-entr,y 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 l.unar mission. !lhe cauputiDg and control. equipaent on 
the Manned Lunar Payload must be capabl.e of sel.ectiDg the desired 
abort mode of operation and initiating the desired actions at a.n;y 
required time throughout the lunar mission. · 

4 .1. 5 SPACE LAUNCHING SYSTEM 

'lbe lunar Expedition requires an extensive space launching 
capability. The devel.opment of this1capabil.it.y is a necessary part 
of the WNEX Program. At present this development is being included 
under the Space launching System program. It is designed to support 
the law altitude test, orbital, circumlunar, and f'u.l.l lllDB.r flights. 

The major problems facing the design and development of the 
I11NEX Payloads with reference to the Space Iaunchi~ System, concerns 
the interface characteristics, trajector,y considerations, and earth 
l.aunch facilities . 

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

Interface Diameter 300 inches 
Escape Payload Weight 134,000 pounds 
Payload Length 635 inches 
Center of Gravity 4o4 inches 

(Measured from top of payload) 

'lbe Space launching System is required to provide timely 
launching capabil.ities for the Lunar Expedition as follows: 

Payload 
Weight Unmanned Manned 
Pounds TraJecto!:l Flight Flight 

20,000 300 mile orbit Aug 64 April. 65 
87,000 300 mile orbit Dec 65 
24,000 Escape Velocity Dec 65 . Aug 66 

134,ooo Escape Velocity Ju.l,y 66 Aus 67 
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4. 2 HUBSYSTEM DEVELOPMENT 

'lbe developnent of a 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 perfonnance in these technical areas can 
be accomplished to meet the overall program schedules and that 
no scientific breakthroughs are required. 'lbe important point 
is that items requiring development be identified, that necessar,y 
funds be allocated, and that etrort be initiated without del~. 
'lhe following sections discuss maJor subsystem requirements 1 

present capabilities, and development required. Completed 
studies conducted by the Air Force and industry have established 
subsystem requirements 1n sufficient detail to outline develop
ment programs 'Which should be initiated immedi~tel.)". Present 
studies will refine these specifications fUrther. 

4.2.1 RE-ENTRY VEHICLE 
f 

4.2.1.1 

'lhe manned re-entry vehicle is a critical item in the 
develop!lent of the manned Pfi~Yload packages. 'lhis vehicle must be 
capable of returning fraiL 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-dq 
round trip earth -moon mission. 'lhis mission wuld 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 dqs, launch tram 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
entr,y, ground handling, and v.l.nd loading on the launch pad, have 
been considered in an~ing desired vehicle characteristic&. 
'Ihese studies have also included the heating and its ettect ·on 
vehicle design as wll as the ef'fects 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. '!he weight breakdown 
is as follows: 

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

b. Wing Group 2000 
(1) Structure Boo 
{2) Heat Shield 1200 
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c. Control System 775 
(1) Aerod,ynami.c 600 
(2) Attitude 175 

d. Environmental Control 1530 
(1) Equipment Cooling 138 
(2) Structure Cooling 940 
(3) cryogenic Storage 452 

e. Landing Gear 700 

~. Instruments & Displ~s 200 

g. Electric Powr System 6oo 

h. Guidance & Navigation 400 

1. Communications 250 

j. Furnishing & Equipment 850 
(1) Seats & Restraints 225 
(2) Decompression Chamber 175 
(3) Equipment Caapartment 300 
(4) Miscellaneous 150 

k. Lif"e Support 400 

·1. Crev ( 3 men) Boo 

m. Radiation 1200 

n. Abort System 3000 

4.2.1 .2 

Present re-entry and recover;y techniques are outgrowths 
ot the ballistic missile program utilizing ballistic re-entry 
and parachute recover,y. 'Jhey are not compatible v1 tb the 
velocities associated with re-entr;y traa. the moon, Vith con-
trolled landing, or vi th manned operation. Present engineering 
data associated vith high speed re-entr;y is not adequate tor 
vehicle clesign. 

4.2.1.3 

A develop~~ent-test program is required to obtain 
generalized data on re-entr,y phenCDen& and to teat 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 vi thin the o.pplied research 
program Will be directed so as to carry out the folloVing 
investigations to provide necessary data for the Lunex Re-entry 
Vehicle Design. 

4.2 .1.3.1 AERODYNAMICS 

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

(2) Initiate an extensive ground based facility 
program directed at obtaining aerodynamic and heat trans:fer 
data up to Mach No. 25 (the maximum useable available capability) • 
'Dlese tests would include ; the G.E. byJ:ersonie shock tunnel in 
the M = 18 - 25 range; Cornell Aeronautical Laboratory hypersonic 
shock twmel M = 12 - 18; Cornell :Aeronautical Laboratory heated 
hydrogen hypersonic shock tunnel at M - 20; AEDC tunnel "B"., 
"C"1 at M = 8 - 10; AEDC E-1 and E-21 M = 1.5 - 6; AEDC super
sonic and subsonic facillties. ihis effort will be coordinated 
vith the Lunex Eng:I.Deering Design program and the Higb-Speed 
Re-entry test prograa. 

(3) Correlation or llind tunnel tests in texms o:f 
prediction or tree-flight vehicle performance characteristics 
in order to provide correlation between ground tests facilities 
and tree-flight vehicles. 

(4) C01:1plete vehicle static end d3nsmic stability 
analysis. 

(5) Investigate local critical heat trensfer problems 
including those associated vi th flaps and fins. The use of re
action controls, in order to alleviate critical heating ereas, 
for vehicle stability and control, will be investigated. 

4.2.1.3-2 MATERIALS 

ment. 

(1) Materials Develotment 

(a) Lov conductivity plastic ~terial develop

(!) Uniformly distributed lov conduct! vi ty. 
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(g) Tailoring conductivity distribution 
in on terial in order to obtain high ablation peri"ormanc:e at 
surfnce and lov the:rmal conductivity in structure bond line. 

(.J.) Develop materials Vith lov ablative 
t£:m::-eratures. 

(~) Investigate bonding or materials to:. 
hot structure. 

(b) Develop minimum shape change materials 
for aerodynamic c:ontrol surfac:e and leading edge appllcations. 
'Ihese materiols vill include pyrolytic graphite, alloys of 
pyrolytic graphite, and ceramics. 

(2) Materials Analysis 

(a) For selected materials above, develop 
nnalytical model to predict ablation performance and illSulation 
thiclmess. 

(b) Expenmentally study material perfo:rmance 
Wlder simulated flight environments Vith the use of high 
entholpy arc facilities (h~T0 = 700 to 8oo). 

(c) 5tudy the ini"luence of spac!! environment 
on selected materials. '!his vill include the ini"luence or 
vacuum, ultrav:Lolet radiation, and high energy particles. 

4.2.1.3.3 STRUCTURES 

(~) Primary effort Will be in the develotment of 
load-bearing radiating structures. For this structure, the 
folloWing areas Vill be investigated. 

tures. 

(a) 'lbermal. stress analysis and prediction. 

(b) Dynamic buckling 

(c) Strain gage applications to high tempera-

(d) Experimental simulation on large scale 
structures of load temperature distribution, and history. '!be 
~D Structures facility vould be the one most appropriate to 
these tests . 
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4.2 1.3.4 DYNAMICS 

( l ) Analytical studies in the follo'Wi.ng areas should 
be undertaken. 

(a) Unsteady aerodyllemic forces at hypersonic 
speeds. 

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

4 .2.1.4 

(c) Flutter 

(d) Servoelastic coupling w1 th guiclance system. 

( e ) Fatigue due to random loading. 

(r) Transient c31Demic loading. 

Present pro~ts vithin the Air Force applied research 
program vill be reViewed and reoriented or effort increased, as 
appropriate, to provide the necessary data. ProJects which can 
be used tor this purpose are listed belov: 

6173'(0) Study of Controlled Final Deceleration Stages 
for Recoverable Vehicles. 

1315 (U) Bearings and Mechanical Control Systems for 
Flight Vehicles. 

1368 (U) Construction Techniques and Applications of 
Nev Materials. 

1370 (U) Dynamic Problems in Flight Vehicles. 

1395 (U) Flight Vehicle Design. 

6146 (U) Fli~t Vehicle Environmental ControL 

1309 (U) Flight Vehicle Environmental Investigation. 

6o65 (U) Performance and Designed Deployable Aero-
dynamic Decelerations 
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4.2.1.5 

In addition to the applied research errorts referred to 
in Para~ph 4.2.1.4 an intensive study or re-entry vehicle 
characteristics required for the T~nex mission is being ac
complished under project 7990 tc.sk 17532. 'Ibis stuey vill 
define an opttmum vehicle configuration and present the most 
feasible technical approaches to solving the various re-entry 
problems. For example 1 the desirability or ablative and/or 
radiation techniques ror cooling vill be determined. 
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4.2.2 PROPULSION 

4.2.2.1 

The Manned Lunar P~load requires a boo~ter capable or 
placing a 134,000 pound packase at escape velocity on a select
ed lunar traJectory. 'Ibis booster developnent has been included 
in the Space Launching System Peckage Plan and its develo:;ment 
Vi.ll be done for the Lunex program. 

Propulsion systems for the Manned Lunar ~load which vill 
be developed under this plan are those required for the folloWing 
operations: 

Lunar Landing 

Lunar Launch 

Trajector,y correction 

Attitude control 

Abort 

'!he L.mar L'lllding Stage must be capable of soft landing at 
approximately 20 ft/sec. a 50,000 pound payload on the moon. 
~s p~load consists of the Lunar Launching Stage and tunex 
Re-entry Vehicle. Preliminary design data from studies completed 
to date shov that the manned re-entry vehicle will weigb 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 vill weigh 85,000 pounds. During lunar landing, it an 
1n1 tial thrust to weight ratio of , 45 is assumed as consistent · 
vith the deceleration desired and time of deboost, an initial 
retro thrust of 6o,ooo p<;>unds is required. At final touchdow 
on the moon, vith all ~ v cancelled and assuming essentially all 
deboost propellant consumed, approximately 10,000 pounds of thrust 
is required. Some throttling or g:lmballing of the engine may be 
required at the 10,000 pound level to reduce the axial component 
of thrust. 'lhe requirements on the landing engl.ne are for a 
6o,ooo 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 a thrust to weight ratio 
of 1 . 5 (Moon weight) for the J.unar Launch Stage, a 12,000 pound 
thrust engine is required for lunar launch. An engine of the 

4.15 

, .. h lllecw•efll l , .,.,.;,., i"for-.u .,. •"•c••-• ta.. AOt•• • •• tl•fettN ef lhe u.;ted s. ... , withf" tN -.eethf'• ef tk E.t•ie41MtW• , • .,, .. TitS. 
II. U S.C • S.ttie -. 793 a...t 794. the tro"'"'' "l.,. ., •••eratle" •' whtch H. .,., •elfiiHr te o tt w~towU•et"ite4 .,.,. ... ~~ SHeh'ib ieect "• ta•~ 



rn-115 type 11111 meet these requirements 111th some develop!lent. 
Minor development vill be necessar.y ir the range or throttle
ability is 20 to 30~. Ir the range or thrust control is 50~ 
or greater, a more extensive program ldll be required. 

4.2.2.4 

In addition to the deboost and launch, it is necessar.y to 
provide a traJector.y and attitude control propulsion capability. 
A velocity capability or 300 to 1200 ft/sec .. vlll be required 
ror traJector.y corrections during midcourse, lunar landing and 
return. Attitude control Vill be required during 1~ landing 
and launch, and midcourse, with speciric methods to be determined 
by opt1lllization studies during vehicle desig11. 'lbere do not 
appear to be 8.IQ" major developnent problems to be overcome to 
provide traJector.y correction or attitude control capability 

4.2.2-5 

An abort system to provide sere removal or the crew in 
the event o!' ra11ure berore, or during launch must be developed. 
A propulsion system Vith an extremely short reaction time is neces
sary to insure safe crev removal. 

4.2.2.6 

Speciric engine sizing, throttleability requirements, 
propellant and oxidizer selection, nozzle type, etc., v111 be 
deter.mined upon completion or a preliminary design in which such 
tradeo!'r comparisons as range or throttling versus use or verniers 
11111 be made and opt1lllized selections made. Developnent work ldll 
be initiated Vi thin present proJects in the Air Force applied 
research program. to raise the level ot technology in areas such 
es throttleability. ProJects v.hich can be utilised ~or this 
purpose are: 

3085 (U) JJ.quid Rocket Engine Technology 

3148 (U) Devclopuent ot 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 

'!be life support package for the Manned lmlar ~load 
llill be required to function for a m:1.n1.mum of 10 ~s. !lhis 
is based on tbe premise that a one-~ trip to the 110011 Yill 
req,uire 2t ~s, and the stq on the lunar surface 'Will be on 
the order of 5 -s. '!be lite support system JDUst be capable 
or supporting three men during high acceleration boost, approx1-
1113tely 2f ~s of weightlessness, one to five dqs of 1/6 earth 
... -eisht, 2-} ~s or 1o1eightlessness, re-ent%7 deceleration and 
return to full earth gravity. -At the same t1Jile it must provide 
a shirtsleeve cabin environment under the space and lunar 
enviroD!Dents, including extreme temperature gradients, absence 
of o~gen, radiation, etc. 

Ctudies or the lite support system weight requirements 
indicate that the lire support pBCkage can be provided v:l. thin 
the ~ight allocation for the 20,000 pound Lunex Re-entr,y 
Vehicle. '!he life .support system weight analysis was based on 
physiological experiments under simulated space flight conditions 
such o.s coni'inement, special diets, reduced pressure, etc. At 
the ~esent time approximately 65 to 70 percent of the knowledge 
reG,uircd t.o design the three man package is available. However, 
to obtein the additional data experimental laboratory and flight 
testing is re(!uired. Most information is presently obtained by 
piggyback testing aboard eXPCrimental vehicles but to support 
the Lunex program and to meet the desired schedules the BOSS 
primate program must be initiated and adequate~ supported. 

4.2.3-3 

Most of the data available todq consists of W"siological 
support (nutrition, breathing oxygen, pressure suits, and restraints 
f'or llid ted periods), but there is a lack of knowledge on prolonged 
1o1eightlessness and the biological effects of exposure to prolonged 
space radiations. '!be BOSS program 1nitial.ly v.£11 support a ehimpan
zee far periods up to 15 ~s and bas been progr&JIIDI!d to provide a 
life support package or sufficient size and sophistication to 
support a man. !~bus, with the BOSS program the data v:l.ll become 
available so that the Lunex :program can design and construct the 
life support package as required ror April 1965. 
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'lhroughou.t this developDent all li:fe support knov1edge o.nd 
teclm.iques vill be fully exploited. Techniques, learned in the 
wrk vi th the Discoverer package were utUiz:ed in building the 
Mercury package o In turn1 experience and Jmovledge gained :from 
Mercury is being :fully exploited in the developnent of thl! present 
BOOS package o 

4o2.3-5 

The 111'e support program (B($8) is vital to meet the ob
Jections or the Lunex program. However I other AFSC prpgrams 
must be consic3e:red :for possible application to Lunex and the 
folloving are nov being evaluated: 

6373 (U) Aerospace Lif'e Support 

7930 (U) Bio-Astronautics 
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4.2.4 FLIGHT VEHIClE ilOWER 

4.2.4.1 

Electrical. power v1ll be required to operate the Lunex 
Re-entry Vehicle subsystem such as lite support, navigation 
and guidance, instnuaentation, and cammn1 cations. 'lhe power 
requirement ror these subsystems has been analyzed and de
termined to .M! approXimately 3 kV average during a ten4 dq 
JIIB!Uied trip to the JDOOil and return. Peak power requirements 
Vill be e.p:proxiaultel.y 6 kv. 

4.2.4.2 

Solar 1 nuclear 1 and chemical. :powered systems were eval
uated against these requirements. While all of these systems 
~ be capable or meeting these requirements the chemically 
powered systeJD,s have been selected for early adaptstiCil into 
the ·program. Speci:ticall.y 1 :fuel cells and ·tUrbines, or posi
tive displacement engines appear to offer the most advantageous 
solution. ~e final selection v.Ul be made during tbe :final 
re~ntr.r vehicle design wen a dete.iled analy:Jis or the trade
ott& betveen various available systeDIB considering relative 
weight, eUicieney, reUabUit71 and grovth potential is 
available. 'lbe opti.alum system 11JB:Y be a combination or fuel 
cells and chemical c:\)'Damic systems Vith ODe system specifically 
deaigaed to supply peak demand. \lith this approach the system 
to provide peak load capac:i ty, v.l.ll also provide backup power 
in tbe case or equipuent malfunction during a large part of the 
missioo. A battery supply ma,y be used to furnish e:nergenc:y 
power required :tor crev safety during critical periods in tbe 
flight. 

4.2.4.] 

Present level or technology is such tbat a satisfactory 
flight vehicle power systelll v.l.ll be. available wen required for 
the WNKX mission. Aclclitional ~velopaent effort should be 
initiated in certain specific: &.reas, such as a reliability 
evaluation program for fuel cells and an investigation ot the 
problems of operating chemical d;ynomic &ystems in a zero ''G'' 
environment. 

Close coordination JDUSt also be maintained v.l. th the manager 
ot proJect 3145 (U) Energy Conversion, to insure the availability 
of the required secondar,y powe:!" sources. 
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4.2.5 GUIDANCE AND CONtROL SYSTEM 

4.2.5-l 

A study of the guidance and control requirements rar 
the lunar vehicle indicates that the mission can be accompli
shed by reasonable extensions of present st.ate-of-tbe-art 
equipnent. The complete lunar vehicle guidance package should 
be cnpable of 1'urnishing 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 equi~nt is capable of handling 
portions o1' the guidance and control problem associated w1 th 
the above phases of flight. However 1 in order t.o obtain a com
plete guidance and control cystem, it is felt tbat developaent 
of the :follov.l.ng items should be undertaken. 

4.2.5.2 INERTIAL PLATFORM 

Guidance requirements :for both the manned and UDIDBNled 
vehicles can be met w1 th the use of guidance concepts based on 
the use or inertial and corrected inertial dat.a in a callbi.Dation 
of explicit and perturbation canputations of present and pre
dicted traJectories. Consequently 1 an inertial platform con
figuration suited t.o the space enviroament is needed. 'Ibis 
-platform shoUld be light in weight, highly reliable, and capable 
o:f B'lint.o.:lning a space-fixed re:ference over a long int.erval at 
time. Present gyroscopic deVices and accelerometers are neither 
accurate nor reliable enough to acc:anplish the space ~asian. 
An inertial platform ~ch holds great prcaise :for use 1D lunar 
missions is one utilizing electrically suspended groa 1D con
Junction Vi th advanced acceleraneters capable o1' operating ill 
a space environment. Present elec:t.ric:al.ly suspended Q%08 are 
co.p&ble of operating With a drirt rate of .0005 des/br/a, and 
it is anticipated that by 1966, a dr1fi rate o1' .OOC)l dl!s/br/g 

4.20 

lhh d.cau••~• , • .-tehu i .. reu•••••fll effecli'"l , ... fiOiiett•f lief• .. •• •• U•• Utth•41 Stat•• wtt"i" the ,.. .... ,ftl •• ,_ ~: .... ,. ... tewt. Tille 
•• . u s.c . S.Cti ... 7tl •"-' 7t•. , ... ,, .... ,.. ....... ef , ••••• ,; .. ., ........... ft, ,...,. .......... ,. ........... tt ,. ..... ;, ..... ., ........ 1••· 



. ~ I 

vill be attainable. Also, no dit't'icul.ties are foreseen in 
maintaining suspension o:r the rotating member in an acceler
ation field of 15 g's vitb 30 g's being possible. Developaent 
o:r a small inertial plattom utilizing electrically suspended 
gyros vill be required for the lWlBl" missioo. 

In order to increase the reliability and the accuracy 
o:r the inertial plat:ro:rm, a compact star tracker tor use vith 
the plat:ro:rm during the outbound and inbound mid-course phases 
o:r the lunar flight is desired. Also, the star tracker should 
be capable o:r operating in a lUDar environment so that it can 
be used tor stellar allgbment during the lunar launch portion 
ot the mission. 'lhe accuracy o:r present solid state star tracers 
is approximately 10 seconds of arc and their veigbt is approxi
mately 15 pounds. Hawver, thene trackers are' untested in a 
space environment and must be developed :ror the lunar mission 
and tar use vith the small inertial plat:rona. In particular, 
the star tracker 11111Bt be capable of t'Urnishing accurate stellar 
aligbment inf'ormation to the inertial platform during the lunar 
ascent portion ot the mission. It' it is possible to develop a 
controllable thrust engine in time to meet tbe launch scheaule, 
the boost and injection guidance problem tor the lunar ascent 
vill be s1mpl.i1'ied as it vill be possible to time-control a 
predeteJ:mined velocity path. 'lbis developDent could possibly 

' reduce the accuracy requirement of the star tr&<:ker. 

4.2.5.4 LONG BASBLINE RADIO NAVIGATION 

Since manned as well as Wllll8llned flights are planned :rox 
the lunar mission, it is necessary to have a navigation systea 
to back-up the inertial system and to increase the over-all 
accuracy of the guidance and control ~chniques. wng baseline 
r&Jtto/raiJar tracking and guidance techniques· ot:rer great possi
bil1tles :ror tracJd.Dg and guiding vehicles in cislunar space. 
Present studies ahov that there are a number ot problems yet 
to be solved to give the long baseline radio navigation teclmiquE 
the desired accuracy. Among thene problems are 1) the accuracy 
vi th which coordinates can be detemined for each track:lng 
station, 2) the accuracy vith llhich corrections can be made tor 
tropospheric and ionospheric propagation e:rtects on the systea 
measurements, and 3) the accuracy vith which "clocks" can be 
synchronized at the several stations. Reasonable extensions 
of the state-of-the-art should be able to overcame these 
problems however, and it is felt thl:.t the developDent of a 
long baseline r..!dio navigation syst~ vill be necessary tor 
the lunar mission. 
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4.2.5·5 DOPPLER RADAR 

Anticipation that radio beacons v.l.ll be in place on the 
~unar surrace has saDewhat simplified the lunar lanc11ng phase or 
the mission. 'lbe use or m.id-course guidance Vill enable the 
vehicle to approach the moon Vithin line-of-sight of at least 
one or the radio beacons, and the beacon can be utilized ror 
the approach phase ot the lWla:r landing. However, for final 
vertical ve~ocity measurement, a sensing tec:hnique particularly 
sensitive to Sllllll.l ve~ocity changes is required. A small CW 
doppler radar is ideall,y suited for this requirement. 'Iberefore 
deve~opz~ent at a small, reliable dopple:r radar llhich can operate 
in the lunar envi.x'oament is needed. In order to decrease the 
pover requirement tor the radar it should not be required to 
operate at a range at over 300 Jlliles. 

MaJor emphasis .IIU1St be placed on the guidance require
ments for the re-entzy phase or the lunar mission. Position, 
ve~ocity, and attitude can be measured by tbe inertial system, 
hovever, other measurements 1nitia.l.l.7 required vill be tempera
ture 1 temperature rate, structural ~oading and air density. 
Extensive 1'urther stud;y is needed to define these measurements 
vi th any accuracy o Early earth return equipuent should furnish 
the c!&ta neceasar,y to develop the required re-entry guidance 
package for the ~unar mission. 

The control or the re-entr,y vehicle Vill require an 
adaptive autopilot due to the Vide variation in surface effective
ness o Adaptive autopilots such as used in the X-~5 are available, 
but extensive developDent is needed to reaey them for use in the 
~unar mission. 

The :t'olloVing projects or specific tasks vi thin these 
projects can be utilized to provide the develoJ;:ment required 
:ror the I1lKKX program. 

4144 (U) Guidance and Sensing Techniques far Advanced 
Vehicles 

40165 (U) Data Conversion Techniques 

50~5 (U) Guidance Utillzing Stable T1ming Oscille.tors 
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50899 (U) Mol.ecula:r: Ampl.ification Techniques 

4427 (U) Sel.f-Contained Electranasnetic Techniques 
for Space Navigation 

44 31. ( U) Inertial. System Caaponents 

44169 .. II (U) Space Adapted Cel.estial Tracking System 

441.69-III (U) Milti·Readed Sol.id State Cel.estial. 
Tracker 

44169-IV (U) Solid State Cel.estial. Body Sensors 

5201 (U) Inertial. Systems Technique 

5215 (U) Military Lunar Vehicl.e Guidance 

50820 (U) Millta.r)" lunar Vehicle Guidance Systems 

58821 (U) Military I&mar Vehicle Te1'1111nal Guidance 
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4.2.6 COMPUTER 

4.2.6.1 

'lhe Uni. ted States has the ability to provide a sui table 
CCIIlputer :racili ty at the present time to support the LUl'IEX 
mission. As tbe milestones in the program are realized and 
requirements beccae more complex, the coazputer capability 
vill improve to meet these more stringent requirements. 
Detailed studies on the spec11'ic needs at the misaiona 1 
time-phased, vill be conducted to determine trade-ot":ta 
among possible techniques to inaure tb.at maclWle sopb.1st1-
cation does not become an end unto itsel:t. ~ :tollov.lng 
guidelines providing adequate :tlex1bill1qr~ have been :toll.owd 
in arriving at the required developaent recazaendations: 

a. MaDDed vehicles v1ll require extensive data re
duction to give an operator real-time displBiY o:t the coaditioas 
around him and solutions to problems such as, velOCity and 
attitude correctiOilB, etc. 

b. Sensor control (aiming and sampling rate) and data 
processing vill be accomplished on the vehicle either on 
ground COIIIII8Dd1 or by operator direction. 

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

d. Radiation hazards and effects vhich are unknown at 
present could in:fluence the technology that v1ll be utilized 
:far lunar missions. 

- -------

e. Emergency procedures must be available in the event that 
the operators becaDe incapacitated and incapable o:t ret\U"Ding 
to earth at arJ:f time c1ur1ng the mission. 

!Die Ca~~puter capability can be expanded 1D tvo basic W8if& 
by improved bardvare, or nev concepts. Examples ot nev approaches 
Wich vUl be reviewed prior to selection ot the f'inal vehicle 
desisn are the :tolloving: 

a. Standardized cCIIlp\lter :tunctioDB incorporated into 
modules so that the)" can be used to ''build" the cap&b111ty 
each msaion requires. SUch a concept 'Wall.d al.lov a vehicle 
desigper to :fabricate a cC~~pUtational :facility without resorting 
to extensive redesign and/ar re-packaging. 'lbe IDOChllar.t.zed con
cept noted above is particularly adapted to unmanned missions. 
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b. For a manned mission tvo fixed programs could be 
~I11Wlently placed in storage; these wuld be an overal.1 
command, or executive routine to direct the sequences or 
operation, and the other voul.d be an emergency return-to-base 
routine that could be actuated by the master control.. Thus 
a 5-pound tape unit wuld replace a larger core memory and 
provide a hisher degree or f'lex:l.billty. 'lhe principal advantage 
in this system is that the caaputer is general-purpose in desigQ 
and therefore useable on a large variety ot missions and unneces
sary capabilities vill not be carried on a particular mission. 

c. An optimumized hybrid of' ana+og and digital devices 
combined to use the better features ot each, i.e., speed ot 
problem solution trcm the analog and precision, flexibility, 
and data reduction trom tbe digital. 

4.2.6.3 

Substantial improvements in caaputer capability 1 develop
ments, reliability, volume, weipt, and power consumption vJ.ll 
be available tor the WNEX program by effort expencled in the 
following areas: 

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

b. Funct~onal molecular blocks. By 1963, the date ot 
earth orbit, it is expected that more than ao~ ot all computer 
tunctions can be performed by this method. Advantages are 
numerous; hish memory densities, extremely smsJ.l size, amal.l 
veignt and proper consumption. 

c. Sel.i"-healing, or adaptive programming techniques as 
a means for bac:k-up on caDpODent reliabllit;y. 

d. Electroluminescent~otoconductive memor,y devices 
should be consiclered tar their radiation and magnetic invul.ner
abili ty. In this regard, pneumatic bi-stable elements should 
be considered tar the same reason. 

e. Fhotocbraaic storage devices have advantages in 
high storage densities, 1 billion bits/cubic inch. Certain 
applications, such as semi-pexmanent storage could benefit 
trom th:l.s feature. 

4.2.6.4 
'!he toll.oving proJects in the Applied Research Area vill 

be ut111zed to obtain improvements in cc:mputer technology: 

3176 (u) Space Borne Cc.azputation a. Control Techniques 

4421 (u) Digital Computation Methods a. Techniques 
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4.2.7 COMMUNICATIONS 

4.2.7-1 

The manned lunar mission v.lll require comm\Ulications 
channels betwen the vehicles and earth e.nd on the lun-a 
surtace tor telemetry, T.v., voice, and vehicle control. 
Specific system par8Dlltters v.i.ll depend on the characteristics 
or the ground ~eking netvork and coiiElWlications stations 
\lhic:h vJ.ll be US'!~ U) ,;upport the lunar missions. 

There are no significant technical problems associated 
Vi th the clevelopaent or equipDent to pertor.n the l'e'luired 
coamunications operations. One exception to this general 
statement 1& tha.t during re-entry radio transmission~ not 
be possible at the lower frequencies utilized elsewhere in 
the Ddssion because or the plasma shield set up b,y eerodynamic 
heating. One possible solution m~J.Y be to provide a separate 
system operating at 10,000 mcs for re-entry. Overall savings 
in equipaent veisJlt, and powr re:;.uirements vill result t'ra11 
careful anal7sis and identification or re~uirements tor infor
mation transfer and m~ utiliz~tion of s,ystem components 
in a chtal role. This Vill be done during the vehicle design 
phase. While not a re'luiren!nt tor '!arly missions the cat>nbili
V 1D T>rOVlde a secure ecmnunications link is desirabl!" and vill 
be considered during final design or the communic~tions syst~ms. 
A secure caDmunications link vill be a re~uirement in laU,r 
missionS. ThrOUghOUt all :rhaSe!l, CCIID:IIUR!C'ltions links critical 
to mission success should incorporate a high degree or ~rotection 
against natural or man-made interference, or deliber'J.te Jom!lling. 

The tolloving Air Force rroJccts vJ.ll be revi'!!ved. enc1 used 
to provide the necrss~ result~ r~~uired tor the Lunex mission: 

4335 (U) !.pplied COIIIIDWlic:!.tions Research tar Air Force 
Vehicles 

4519 (U) Surface & Long Range Coumunications Techni'lucs 

5570 (U) Canunic:ations Sccuri ty Applied Reseo.rch 
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J·!NVIROW.1ENTA L DI\TA 

4.2.8.1 

i?resent lcnovledge or the lunar environment is extremely 
limited and it is necessary to obtain detailed information con
cerning the lunar composition, subsur£hce ~tructurc, surface 
characteristics 1 meteorite flux, level or solar end cos:llic 
radiation, and magnetic field. 'lh1s knovled.ge is required to 
design the e~ui~nts for the Ulnex program so that personnel 
may be protected and the mission accoar:pl.ished. 

The importance or lunor composition in manned exploration 
or the moon lies largely in the ability or the moon to prov1c3e 
fuel tor vehicles and secondary power, as -well o.s to supplement 
life support systems vi th add1 tional va.ter, radiation shielding 
materie.l, nnd semi-permanent shelters. ot these l.unar resources, 
water appears to be or maJor importance both as a tuel and in 
life support. Water v.lll probably be present both as ice in 
pennanentl.y shadoved zones and as water or hydrat~on in ce:-tain 
minerals such ns cerpentine. 

Present knovledge of lWtar composition is almost entirely 
theoretical. 'lhe relatively lov lunar density (3. 34) indicates 
lov metal. content. By analogy Vith the compos.Ltiono or meteor
ites it is generel.ly assumed that the moon is composed or chon
dritic {stony meteorite) materia.l. ~at this a.tsumption is only 
partially' valld is demonstrated by the fact that chondri tic 
meteorites wuld have to lose about 10~ or their iron content · 
1n order to attain this lunar density. 

'lhe Air Farce and HAf.A are presently trying to determine th 
lunar composition indirectly through study or tektiteo, Wich may 
be fragments or the moon, and through study ot raicraneteori tic 
cluat captured above the atmosphere. (Air Force efforts are 
:t'unded under Project 7698) • 

4.2.8.5 

'lbe Air Force is trying to dete11111ne the lunar composition 
directly by means or spectrometric anal.y:~io or the natural X·r~ 
fluorescence ot the zaoon due to the banbardment or the lunar 
surface by solar radiation. '!be first Jmovledge or lunar compos
ition is anticipated in ,.,.arch or 1962. ('Ibis work is also funded 
under ProJect 7698). 
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4.?..8.6 

NASA intends to measure the lunar canposi tion directly 
by means or its Surveyor lunar probe nov scheduled for llid 1.963. 

4.2.8.7 

Neither Air Force measurements or overall. l.unar composition, 
nor NASA measurements or spot compositions vill satisfY the 
requirement ~or l.ocation or lunar resources. !be RASA Prospector 
vehicle schedul.ed tor 1.966 vill obtain more videspread data, 
but what is urgentl.y needed is detailed knovledge ot the vari .. 
ation or lWlBr cauposition over the \!hole surt"ace. ~s can 
only be acc<Dplished by a lunar orbiting vehicle vith appropriate 
instrumentation. NASA presently has this planned tor 1965 and 
the appropriateness or their instl"UUIlf:ntation remains in doubt. 
Also this is too late to meet the requirements or the LtJHEX 
program. 

4.2.8.8 

'!he importance or lunar subsurface structure in exploration 
or the moon l.ies largely in a possible col.l.apse hazard under 
vehicl.es and personnel, and in the possibil.ity ot util.izing· 
subsurface structures as shel.ters and storase facilities. 

Present knovledge or l.unar subsurface structure is based 
on a theoretical extrapolation :t:r:om the presumed origin or the 
surface features. The majority or lunar geologists bel.ieve that 
lunar craters \:ere formed by means or the illlpact ot l.arge meteor .. 
ites, and that only .limited volcanism has occurred in the l.unar 
highlands. 1be m:LT!a, on the other hand, are thought to be giant 
l.avn. pool.s; al. though the melting is assumed to have been triggered 
by asteroidal impact. 

Bo.aed on these theories ot origin for the l.unar surface 
features, it is thought that the subsurface structure or the lunar 
ld,gblands vil.l. consist l.argel)' ot overl.apping l~rs ot debris 
eJected 1"rcm the :lmpo.ct craters. '!be collapse hazard or such 
material is negl.igible • ihe maria should be covered by no more 
than 4o teet or vesicular (bubble tilled) l.ava, vith maximum 
vesicle (bubbl.e) size about six feet in diameter. Sudl terrain 
could present a collapse hazard, the severity or llhic:h vill 
depend upon actual (rather than maxfmrun) vesicl.e size. 

It should be noted, however, that a rival. theor;y tor the 
origin or lunar craters holds that they wre produced by vol.canism 
as calderas. Should this theory be correct, the cpllapse hazard 
in the highl.ands 110uld 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. ~us, the Air 
Force, although contributing theoretical evaluations as described 
above (under Project 7698), has no program Ear directly determill
ing lunar subsurface structure. NASA plaus to plo.ce seiSIIlOIIIeters 
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 tor de
termining subsurface structure traa the lunar orbiting vehicle 
{1965) should be developed. 

4.2.8.9 

'lhe importance ot lunar surface characteristics lies in 
their critical importance in design or both rocket and surtace 
vehicles and in lunar navigation. Critical 'Burtace characteri
stics include gross topogra~ 1 microtopogra~ and tbe nature 
or the lJ,inar dust. or these charac~ristics' lmowledse ot 
gross topogra:pby will be important in overall rocket clesign 
and in design and operation ot rocket landing and navigational 
equipment. 'lhe Jllicrotopograpby (relief less than 20 f'eet) v.l.ll 
be important in the design of' rocket landing equip~aent and the 
vehicle tor surface exploration. 'lhe nature ot the surtace 
dust vlll be most :llllportant in design or the vehicle tor surtace 
exploration. 

' 
Present knowledge or gross topogra~ show that slopes 

are generally gentle, and topographic profile have been deter
mined over a l.1mi ted amount or terrain. Present knovleclge ot 
microtopography is very l:l.mited. Radar returns, once thougtlt 
reliable indicators of' low Jllicrorelief, are now considered by 
most space scientists to be so poorly understood that conclusions 
msq not be draw from them. Fhotaaetric data appears to indicate 
a rather rough surtace, but this data is also subject to mare 
tban one interpretation. Present lmowlecl&e ot the nature ot 
the lunar dust is entirely theoretical. The leading school ot 
thought holds that the dust is compacted and sintered. Au 
opposing school holds that the dust bears an elect.rostatic 
charge. Should the d~t bear an elect.rostatic charge, it vould 
be very loose and probably subject to ·migration. 'lhe hazard 
to surtace vehicles and even personnel is apparent. 

Gross lunar topograpby on the visible f'ace is presently 
being mapped by the Aeronau.tical Cbart and ID:rormation Center 
based on teclm1ques developed under Project 86o2. MaxhDIID 
.resolution is about 1/3 Jllile1 and average resolution ia about 
one mile. Higher :resolution photogra~ and photography of the 
bsck side of the moon vill be ootained by the 1unar orbi ti.Dg 
vehicle planned by NASA tar 1965· A cooperative effort by ACIC 
and NASA is presently enrlsioned to produce the necessary topo
grapbic lunar charts •
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Microtopogrtt.phy i~> being stu,lied by the A.rar:f Corps of 
Engineers through radar experimP.nts. (1he Air Force work is 
being done on the Mi1lstone radar eq_uipnent) The nature or 
the 1una.r dust is being studied primarily by the Air Force 
under ProJects 7698 and 8602 by means or radianetric studies 
from high al.titude unmanned bal.1oons and resul.ts are antici
pated early 1962. NASA anticipates obtni.ning at least partial 
data on the nature of the dust trcm 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 or solar and cosmic radiation 
near the lunar sur1'ace are important tor the survival of personnel 
either on the 1unar surface or in vehicles and shelters. 

Present knovledse or these parameters is fairly precic~ 
as a resul. t of satell.i te and C.eep spac:e probe experiments by 
NASA and the Air Force. Only the radiation environment w1 thin 
the first rev meters of the lunar surface is still. specul.ativc 
as a result ot uncertainties in our knovledge ot the interaction 
of solar and cosmic radiation Vi.th the lWl&r surface materials. 
It seems likely that a c1oud or ions vill. be produced by rad1s.1tion 
bCIIlbardment as wll. as secondary X-rs;ys. '!be density or the 
electron cloud is unlalovn, e.nd ~ be critical. for 1unar cCC!IIIuni
cations. 

The Air Force is stueying the 1Wla.r and cislunar radiation 
environment under ProJects 6667, 6688, 76ol, 7649, and 7663 bh 
means or satel.l.i tes 1 deep space probes, and vertical. sowuiing 
rocl!ets. The NASA Surveyor vehicle (mid-1963) should gl.ve de
tai.l.ed lmovledge of the radiation environment at the lunar surface. 

4.2.8.1.1. 

'1be lunar Jaagnetic field 1IJJq be impOrtant to space and 
1unar surtace navigation, and in its etfects on ionized lunar 
materials. 

The Rw:sian Lunik II "indicated that the lunar ma~tic 
field must be very small.. The RussiBilS wre not clear on hov 
sma.l.l, but it is generally thought that the moon doeG not possess 
a magnetic field. 'lhus, all. magnetic effects shoul.d be derived 
f'rCIIl the very 1ov intensity interplanetary field and magnetic 
fie1ds, "frozen11 into solar plasmas. 
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SECRET 

'!he Air Force is studying the interplanetary magnetic 
field under Project 76ol. NASA should be able to deteimine 
the field near the lunar surface by means o~ the Ranger vehi
cle during 1962, and tbe :field at the surface by means of 
Surveyor (mid-1963). 

4.2.8.12 

Tvo facts are apparent 1"rom a study or the dP.ta outlined 
above. Fj.rct, one Air Force project (7698), which was :funded 
for ~ 250K in 1962 end 300K in 1963 is responsible ~or most 
o:r the research on the lWlhr enviroament. More :funds are re
quired :for a speed-up in this progra:D. Second, many critical 
experiments are tied to the H.~ lunar orbiting vehicle, which 
has not been considered a very important vehicle by NASA. 
!lhis program is essential to the LUNEX and should be speeded 
up and planned more care:ful.J.y. 

4.2.8.13 

Effort on A1r Force Project 7698 will be increased sub
stantially to insure that data necessary :for the LUNEX mission 
is available. A close working relationship will be established 
witb NASA to provide, i:f possible, the inclusion of Air Farce 
reqUirements in their planning ~or lunar programs both as 
reg:srds to objectives end scheduling. 
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4.2.9 MATERIALS .. 
~.~.9.1 The Lunar expedit1on imposes rigid requirements 

on materials to maintain their characteristics while subject to 
radiation, vacuum, temperature. extremes, and meteorites. 'lbis 
problem must be considered by .the individual subsystem design. 
It is intl!nded to point out here the ·overall mate1·ial problem 
and programs vhich vill contribute·ta its solution. 

4.2.9.2 '!be absence or an atmosphere on the moon increases 
the radiative flux (particle and electraDBgnetic) fran the sun 
and as such potent~ increases the possibilit,y ot damage to 
man and light-veight plastic structures throush the tonaation 
or free radicals and subsequent depolymerizatlon. 'lbe need tor 
l.ight-veight shieldicg is apparent. 'lbe vacuum. conditions ar 
the moon vould aggrevate the problems associated vith moderately 
volatile constituents of plastics, lubricants, etc. Fbr 
instcnce, the relative~ volatil.e plastieizers in a plastic 
material coul.d evaporate and interfere vith the pl.astic 
!'unction. Final.ly. the resul.ta or 1mpact ot micrcmeteorites 
on structural. materials must be detel"Jilined. All. desirable 
properties must be acquired vithout penal.t;y ot veight. In 
addition to the problems encountered on the Moon, sim1la~ 

problems ~re encountered vhile in transit. In particular the 
henting encountered on re-entry into the earth's atmosphere 
at 37,000 feet per second presents a severe material problem. 

4.2·9·3 Some or the specific material requirements 
that can be identified are: 

a . lubricants that vill. tunction tor long periods ot 
time in a vacuwn and temperature conditions such as exist in 
the moon. 

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

3300F. 

c. Ltght-ve~t shielding material against meteorites . 

· d • . L1ght-ve~t- radiation shielding. 

e. Shock-absorbing material that vUl tunction at 
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r. Coatings that vill resist radiation, especially 
during periods or solar flares . 

g. Glues and adhesives that vill function with lunar 
ma terial.s. 

4.2.9.4 Present projects to raise the level of technology 
in materials are listed belov. '!hey vill be supported as 
required to insure success of the Lunar mission. 

7312 (U) Finishes and Materials Preservation. 

7320 (U) Air Force TextUe Materials. 

7340 (U) Non-Metallic & Cemposite Materials. 

7351 (U) Metallic Materials. 

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

7391 (U) Energy Transmission Fluids. 

4.2.9·5 While vork in the basic research program cannot 
be counted on to provide technical break throush vithin the 
time schedule or the LUNEX program, materials study ot this 
type vUl be monitored so that all technical advances can be 
integrated into the IJJNEX program. Specific examples of 
projects of this type are: 

88o6 (U) Research on Materials at Hi8b Temperature. 

7022 (U) Surface and Interface Fbenauena of Matter. 

976o (U) Research in Properties of r.ktter. 
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4. 3 TEST PJ.J\N 

The develo~nt and production of the c~uipments for the Lunar 
Expedition will require a concurrent lllld detailed test progrnm. 

'!be test program vill be carried out on the brssis or rcse:u-ch 
tests to est:~blish design criteria., materials, tP.stG, c01:1ponent· 
tests and finally, a progressivP. series or tests as components ar~ 
assembled into subsystem~ and major systems and structures. Inte
gration tests for flight suitability vill be conducted 'for all 
:functioning systems a.nd the complete vehicle. }Wload effects on 
the booster structure vill be dete:rmined with a simul'lted p~load. 
Subsequently 11 a fiight-type p~load will be used to demonstr'lte · 
booster-~ load system compatibill ty 11 reliability 11 crev safety 1 

and mission per'fo11D8!lce. 

Dnphasis vill be placed early in the program on research tests 
to derive basic: design criteria, def'ine the conf'igurntion and de
termine aerodynamic parameters. 

Tests are to be run at progressively higher levels as thco design 
evolves. 'Ihus, P.ntire :;ubsystems, ca::~.bined subsy~tems nnd t;o:Jtplex 
major structures are to be subjP.cted to eva1uation te~ts ~s nccess~ 
to investigate component end subsystem intcractions11 or to prove out 
complex structural designs. 

A captive-test-vehicle 'firing ~rogr~ vill be the culmination 
or ground developnent testing. 'Ihc :>ver-all obJective or the eaptiv~
'firing program is to demonstrate :::..:.tisfactory integr6tion or the 
propulsion system vith other vehicl~ systems that have an int~rfn~c, 
direct or indirect, vith the :proJ:ulsion system. 'lbe early tr:!>t!: 
vill be conducted in a simulated vehicle ilith the e.irbnme vch.lt.:l,.. 
systems installed on a heav,y-\lll.ll propellant U!.nk SP.cti~. 'Ill':' 
tanks will be supported by a test stald structurP. \lhich vlll "l J ~!l 
restrain the tanks against propulsion system thru::t f'or~~~:. For 
'final testing a fiight-type configuration v.l.ll be u~·!d f.!ur.lnB 
captive tests. 

Flight testing o'f the High-SJ:ced Re-entry Teet V~hicl•.:, th ·· 
Abort System and orbital, Ci-rcumlunar and UIUIIElUl<::d T.unu .r:-..n ?ln~ 
and Return Vehicles v1ll complete the develo!ment pro~. 

4. 3.1 TEST CATEG<RIES 

4.3.1.1 RESEARCH TESTS 

Tests vill be run in a::p'!"Opriata :-esesreh 1 "lb:>r~tort<.·; 
to de'fine basic design criteria in at le•~~t the 'fol1o,•ing t•:chnl~·. l 
areas: 
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a. Propulsion 

b. Heat trans:rer 

c. Aeroeynamic :forces and pressures 

d. Materials 

e. Statics (structures) 

4.3.1.1.1 Propulsion Tests--Wind and vacuum tunnel testa will be 
conducted to investigate the problem:. o:r mu.1 tip1e re-start 1n a 
vacuum environment, to develop throttleable techniques, to de
texmine lunar landiDg problems 1 and to detel"Dl1ne the desirability 
of using the same eng:l.nes :for lunar landing and lunar launching. 

Tests \IUl. be made to evnl.uate the propulsion stage for 
the circumlunar :flights and to determine the capabi11 t.y o:r the abort 
propulsion systea to accomplish its objective. 

4.J.l.l.2 Heat Transfer Tests--Testing Will be required on the 
insulation for the liq,uid hydrogen tanks to detel'Dline: 

a. Optimum material thicknesses :md wight 

b. The amount o:r liquid hydrogen boilo:r:r 

c. The air leakage through seals 

d. The airload effect on structural integrity 

e. The thermal bowing of insulation panels 

:r. '!he separation distance betveen panel and tank skin 

Scale~odel or modified fUll-scale air-conditioning tests 
vill be conducted on engine CCIIlparlments, adapter sections and flight 
equipnent storage areas. 

Heat transfer characteristics for selected materials, 
structures 1 and surfaces will be required to support the engl.neering 
design. 

4.J.l.l.J Aerodynamic Force and P.ressure Wind-TUnnel Tests·-~ind
tunnel model tests of the launch vehicle and ~load configuration 
vill be required to accurately detendne the ael"'dynamic :forces 
and manents imposed on the vehicle during the !)oost traj'ectory. 
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'Ihesc tests 'Will provide data for dete:rmination ot structural design 
criteria, aeroeyuam!c stability and control parameters, and the per
:f'ormance penalty incurred by aerodynamic drag. 'lbe test program Will 
include both :force and pressure measurements through the :f'ligbt Mach 
number range :for llhich these e:f':f'ects are sigoll'icant. 

Vind twmel test:lng or selected shapes at velocities never 
be:f'ore studied ld.ll be necessary to determine re-entry vehicle cheracter
istics. Particular emphasis v.l.ll be placed on control surf'ace capabill ty 
and heating problems. Maneuverability limits, g loadings, re-entry 
corridor characteristics and subsonic landing characteristics lDUSt be 
determined in support o:f' the engineering desisn program. 

Integration and correlation o:f' the ground v.l.nd-twmel 
testing 'With the high-speed re-entry :f'ligbt test program is essential. 

4.J.l.l.4 Material Tests--A materials developnt test program vlll 
be undertaken to detenzdne the allow.ble desisn strength values and 
prov:l.de design in:f'ormation on the selected structural materials over 
the appropriate temperature ranges :for the base metals, ablative 
sur:f'aces, and welded Joints. P3rticular emphasis 'Will be placed on 
tendency tovard brittle :f'ra.cture under serv:l.ce condi tiona and in 
selecting Dlllterials :for re-entry at 37,000 :rt/sec. The testing program 
v.l.ll consist o:f' at l~ast the :f'ollov.l.ng: 

a. :1mooth and notched static tensile tests ot the selected 
ma:tcrill-1 s . 

b. f.tatic tensile tests of -welded Joints, both :f'usion
~a reef st~.nce -veldcd, :for the selected Joint con:f'iguration :for each 
type or she"t material. 

-=· Sl:looth ond notched static tensile tests o:f' the selected 
ex-'.-rus1 ;,;-n r:rul :forging 1111.1terials • . :.-

d. Notched impact teGts or the extrusion and :forging 
mateTie.l a. 

~. Low-cycle, high stress :fatigue tests of wlded Joints 
lll3Ce by the fusion &nd resistance methods for the selected Joint con
figurations in sheet materials. 

1his data will be accumulated :for the appropriate temperature 
runges, :I.e., :from. elevated re-entry temperatures to the Cl')"ogenic 
teapc:rn.tures in the tanks, as dictated by the proJected environmental 
l"e'quirements. In addition, supporting tests such as metallograpb.ic 
e~nations and chemical composition determinations vill be made as 
:re.::.uired. 
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4.3.1.1.5 Static Tests--The static-test program w111 include 
deGign and structural substantiation testing to demonstrate 
stroctural integrity or the ~SanDed lunar and Cargo ~loads. 

~tructural substantiation testing to desi~ loads and 
temperntures will be acccmplished on a full-size stub tank, identi
cal (except for length) to the IJ.mar Landing Stqe tank. 'lhis 
vill ensure that load introduction and takeout vUl be representative 
of the tlignt article. 

One complete interatage adapter 'Will be tested to ultilllate 
deGign loads under appropria~ environmental condi tiona. i'he adapter 
'Will be attached to a :;tub tank identical to the lAmar Launching 
stage tank section in every respect except length, to ensure real.i.stic 
load introduction and takeout. 

A ~tub tonk 'Will also be used to demoastrate the integrity 
ot the Lunar Le.unch Stage tank construction under desi~ loads and 
environments. ll.ethods ot introducing the payload vebic1e 1oads into 
the E.dapter section end thus the Lunar Launch Staae tanks vill be 
~termined. 

Tests vill also be run on fUll-size tank bulkheads. 
'lhese vill be attached to a se-nt or typical tank structure, 
adeq,uate to allov ~ bulkhead behaVior to be representative or 
that of the tlight ar;ticle under design conditions. IJbese bulkheads 
vill be tested to ultimate design loads to ensure their structural 
reliability at all points 'Within the t"lisllt regime. 

Ground handling equipDent testa will cover cr1 tical 
fittings and joints tor structural substantiation or these items 
under design conditions. 

4.).2 ~IGN EYAWA'l'Icrf TESTS 

Ccmponent desi~ evaluation testing is detiDed here as in
i'ormal testing conducted by the vehicle contractor, ar :vender test 
labs, tor the purpose of' basic desi~ evaluation prior to production 
release, and to pinpoint critical areas in prototype packages. 

Qual.ification testing is defined as those tomal testa per
farmed on tligbt-VPe hardvare to demonstrate ccmpl1ance Vith c1esigu 
spec1f1cations. A qualification test plan 'Will be prepared approx1-
JIIlltely 90 deys after engineering go-ahead out.l1n1ng the qual.if'ication 
test conditions. 'nle qual1t1cation tests are to be performed in 
strict accordance v.L th vr1 tten and approved detailed test procedures, 
and w1tnessed by tbe .Air Force, or an approved representative. 
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The vehicle contractors test l#\b•~rat~lrles vlll conduct these tests, 
or subcontract and supervise them at an independent testing agency. 
Caaponents to be tested vill be determined during the engineering 
design effort. 

Co~trolled environmental conditions will simulate conditions 
that a:l.rborne and ground support equipaent are expected to experience 
c3ur1ng manufacturing, shipping, storage 1 pretlight and f'light. 

EnviromDental testing conditions 'Will be established based 
on data alreaq obtained in research and developzaent programs on 
large rocket-powered vehicles and associated support equipDent. 
Conditions tar shipping, storage and handling environmental tests 
are established in current mlitary and cammercial specif'ications. 
SUbs;yatem, ccmbined subsystems, and structural evaluation tests 
v11l be run in appropriate laboratory 1"ac111t1es to investigate 
ccmponent and subqstea interactions, and to prove out structural 
designs. Acceptance test procedures v.l.ll also be developed f'or use 
in the f'actory OD. aeu verable hardware. 

A· test plan describing the basic conditions and test obJectives · 
ot eac:h f'actory system test, along v.l.th the checkout parameters and 
recorded eYaluaUon data, v.l.ll be prepared. 

A tinal acceptance test v1ll be required .t the . time the con
tractor delivers the vebi.cle to the Air Force. 'l'est conditions v.l.ll 
be as close to the 1"11sht coadi tions as is f'easible and saf'e. · All 
systems will be energized and operated simultaneously. · · 

A 1"1nal acceptance test evaluation document v.l.ll be prepared 
for use by the Air Force and the contractor in dete:rmining compliance 
vi th test requirements. · 

8,ystems acceptance test procedures will be based on all critical 
parameters required to determine proper functioning of' each system in 
accordance Vith deSifPl spec11'ications and dravings. ~s vill assure 
a coordinated eUort of' vehicle design, test equipment design and 
f'actory acceptance testing. · 

4. 3. 3 FLIGHT TESTIRG 

1be WNEX f'ligb.t test program represents a long and expensive 
ef'f'art leading to the first maDDed landing on the moon. It requires 
basic research f'ligbts, equipment checkout flights 1 capability 
demonstration f'ligbts and f'1nal]y the manned and cargo Wm1r Expedi
tion 1"11gbts. 'lbis type or ertort can only be achieved efficiently 
and at a minimum cost if the end obJective is alweys clear and the 
program is designed to meet this objective. 
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'lbe Lunar Expcdi tion ·flight test program vill provide 
many side, but important space capabilities. For example: in 
April 1965 the first orbital :flight capability in a tTUe space 
vehicle vill be possible; · in :ieptember 1966, man will make his 
first flight around the moon in a tully maneuverable and recovera.ble 
re--entry vehicle; end in August 1967 the first man v1ll land on the 
moon. Essential.ly these can all be called test Oigbts, but in 
each case the system is only a.t the beg:tnn1ng of its eo.pabiUty 
instead of being a dead -end item. Each of these ea.pabUi ties may 
readily be expanded to provide a mili ta:ry ca::;abili ty it necessary. 

'lhe flight test program is s\IIIIIID.ri.zed on the Lunar Expedition 
Test Schedule. The following maJor objectives vill be accc:apUshed 
in the indicated pert of the test progrem. 

4.3.3.1 HIGH-SPEED RE-EN~! FT~GHT ~~ 

Since nrescnt vind-tunnel eanBbiUties ere limited to 
approxiJDatel.y 18,ooo :rt/sce., it ts necessar.r to ~rrorm re-entry 
flight testing at velocities that ranse :from 25,000 to 45,000 ft/sec. 
'lbe DUljor object! ves or this test program are to: 

a. Verity or disprove present theories on basic re-entry 
techniques e.s extra.polated to the stated velocity ranp. 

b. Determine problem ceas and develop ncv :f'un~ntal 
theor,y, numerical procedures and testing techni-!ues .,.'here required 
tor this re-entry range. 

c. ldenti.fY the following: 

(l) Items that can be investilr.lted t'urther on a 
laboratory scale. 

(2) Specific laboratory facility re=!_ui:retlents. 

(3) Additional Oisht tests tb£t must be ~rronned. 

d. Support the engineering design frogru1 tor the LUNF!Y. 
by providing the above data and special sh&~ testing i!' r~~ui:'~d. 

4. 3. 3. 2 LUNEX RE-EN'l'RY VEHICLE FLIGHT nm' 

The !.unex Re-entry Vehicle vJ.ll be flight tested by 
various techniques and in verying envirooments. ~~=h test vill 
be designed to allow the vehicle to proceed to the next !!!O:re 
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difticul.t step. The maJor testing steps are presented belov vith 
the maJor test obJectives tor each step. 

a. Prototype Drop Test 

Prototype vehicles v1ll be arop tested f'rala a B-52, 
or equivalent, 1n both an unmanned and a manned series o~ tests. 
Each series vJ.ll be designed to: 

(1) Establish lanc'lin8 characteristics. 

(2) Measure i:aherent subsonic, transonic, and 
b,ypersonic stability and control characteristics ot the vehicle. 

(3) Explore the tlisht characteristics 0~ the re-ea;tty 
vehicle in every- possible partioa. ot the Mach IWIIIber spectrum. 

(4) 'lra1D WHEX Crews. 

b . Orbital Test: 

Maxfnnm use v1ll be maae o~ SAiliT orbital test ~or:.. 
mation end unmanned and manned 1'lights v1ll be accCIIlpl.ished. 'lbese 
tests vill demonstrate: 

(1) !Die c:apabiliV o~ tbe Lwlex Re-entr,y Vehicle to 
operate in the orbital area. 

(2) Re-entr,r capability at velocities at 25,000 ft/sec. 

(3) 1be maneuverabilit;y ot the re-entr,r vehicle and 
its capability to land at a preselected earth base. 

c. C1rcumlunar Test 

'lhis f'llght vUl use the Circumlunar Propulsion Step 
and the Imlex Re-entr;y Vehicle. !~he major test objectives are: 

(1) To send an umanned and then a manned vehicle 
around the moon and return ~or an earth l anc11ng at a selected base • 

. 
(2) To check out gliiclance, ~liabt control, ccwmms

cations and ~e support sub-systems in a true space enviroDiDent 
prior to landing on the lunar s~ace. 

( 3) To perform. manned reconnaissance or the lunar 
s~ace. 
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d. :wnar landing and Return 

'lbe unmanned vehicle nights vill check out the Manned 
Re~entr,y Vehicle and related S)'Btems to provi&! a CCIIplete~ auto
matic system be:fore IDBil t1rst tries the most dUf:lcul t step 1n the 
LUNEX program. 'lhe maJor teat objectives tar these tllghta vJ.ll be 
to: 

(1) Check out the ~landing and lmlar Iawlching 
Stages. 

(2) Check out the Cargo ~load's abllit)r to deUver 
cargo packages to a preselected a:1 te on the lunar surface. 

. (3) Place three men on the lUD&r surface so that the 
1ni tial surface recoana1a8811ce can be acccmpliabed pr:lor to the 
arrival ot the bmar Bxpeclitlon. · · 

• 
4. 3· 3· 3 LUNAR IAtllfCil S~ FLIGII'r TEST 

'lbe bmar Launch Stage w1ll be initial.ly checked unaer 
orbital condi tiona to: 

a. Demonstrate space enviromaent operation. 

b. ~trate engf.ne restart after "soald.ng" in space 
tor sn extended period. 

c. Demonstrate au:tcmatic checkout, ccmnnn1cat1ona, and 
remote control capability. 

'lbe luDar Launch Stage w1ll then be flight tested with the 
cauplete MaDDed lw1ar ~load tor the nnmaan.ed and aam1ed LuDar 
Landing and Return Ml.ss:lons. 

4.3.3.4 WHAR IAHDIBG S'l'AGE FLIGHT TEST 

The I&mar Iandtng Stage v1ll be initially checked out by 
drop testing. · 1bese 'tests v.Ul: 

a. Demonstrate lJmcliDg teclmiques and the capabUity ot 
the selected landi.Dg system. 

b. Evaluate the ettects of unexpected :terra:l.n variation. 

c. Detend.ne the efrects ot ma.U'unct1on1Dg equipllell't 
during the landing maneuver. 
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d. Evaluate the effects ,,f' engine blo.:;t on landing 
surfaces similar to the predicted lunar surf'nce. 

!!he Lunar Landing Stage \d.ll receive its :first space 
evaluation in orbit. 'lbe maJor object1.ves are: 

a. Correlate ch'op-test data with orbital or space 
operat1.ons. 

b. TO detel111ine the e:f:fects or space environment on the 
stage. 

~ t"irst Lunar Landing v1. th the Imlar Landing Stage will 
be acccmplished vlth a cargo package aa the pttiyload. wben this has 
been ccmpleted a Iunex Re-entry Vehicle vill be landed wmanned. 
~e test obJectives are to: 

a. Demonstrate the feasibility ar landing large c&rgo 
packages on the lunar surf'ace. 

b. Demonstrate tbe f'easibUity or automatically landing 
a "manned vehicle" \lbile unmanned. 

c. Prov1.de a man-rated system. :for the Lunar Expedition. 

4. 3. 3. 5 CARGO PACIClGB CORFIGURATION FLIGHT TEST 

Various co~1.gurations :for the Cargo Package o:f the l.unex 
CargO ~load 'will be tested. 'lhe obJectives aTe to: 

a. Detel1111ne the Cargo Payload aerod,ynemic characteristics. 

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

4.J.J.6 ABmT SlSTEM FLIGHT TEST 

'lbe t"act that a system o~ this magnitude must possess some 
measure o~ "unrellabili 1'.7" is recognized and a "1"&11 safe" abort 
system. is. required to insure the survivability' ot the crev. !!he 
test ob.ject1.ves ~or. tbe Abort System Fll@Jlt Test Program are to: 

a. Demonstrate that crev members in the manned Lunex 
Be-entry Vehicle cau be recovered sai"ely in the event of' a Jll!!l:function. 

b. Demonstrate that the Space Launch System is capable or 
shut-dovn1 or thrust vector change, so that c:rev abort is possible. 
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4. 3. 4 CHECKOUT Arm TEG'l ~UIPMENT 

!l'he teat equipuent vill be tully autaal!ltic With quantitative 
readout capabili v -rar all cr1 tical functiom:. 'lhe tunex checkout 
equixm:nt v1ll be tbe same, or compatible 'With the Space Launddng 
System. checkout equipaent. '1he equi~t v.lll be carable ot check:i.n8 
out the ccaplete . booster and ~load system as wll u tJDY individual, 
or isolated cailaponent, ar subsystem. It shall be fUlly capable ot 
checkout ot aD¥ one stage, or the re-entr,y vehicle, e.a an isolated 
unit, and vill mate vith tbe atap interface functions and f'urniah 
appropriate operaticmal. or simulated error inputs to the stage 
systems. 

Far the time period. ot interest, it is entirely practical to 
incorporate mal.1'unctioa. prediction capability tor preventative minte
naa.c:e. ~· v1ll entail a CCIIIpUter .t"Unction whi~ vill acc:ura~~ • 
control and record tbe· input and outp.~t. signal values to each system 
or CCXIlpoa.ent. Variations in operation v1ll be recorded and c:a~pared 
to precletemined tailure. values, or characteristics and will forecast 
the rema:fning service lite ot the s;yGtem under teat. 

ihe checkou.t equixm=nt sh&ll be inatal.l.ed in each blockhowle 
and it mq be used in conJunction vJ.th the launch a.rea. This same 
equipumt shall be utilized 1n. the vehicle m.snuto.cturing checkout 
and teat fUnctions, as ~as in the launch cc:aplcx, receiVing, 
ia.spection, and maia.tenance tacUities. 

'lhe blockhouse equipaea.t villiiODitor the launch eontrol system 
cCIIIII&Dda and inputs &a wll as those ot the -~load. Because the 
launch control equipa.ent vill displa;y ~ sa/no-go signals, the 
checkout and test syatell vill turnish quantitQ.tivo· displqa or ffll'¥ 
tunction under question tor h\1111111 appraisal and decision. 

llben- the systems are tlovn unmanned. and on the ear.l.;y ~~~aDDed 
lUDar f'lisbta it 'Will be neeeaa&%'7 to provide autaDatic c:beckout 
"Wbere a~ate via a telemetr,r link. As an example, prior and 
during lunar launch the checkout procedures v1ll be moDi tored at 
the earth control station via the telemetry Unk. 
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4. 4 PROilJC'riON PLAN 

At the present t~ a detailed Production Plan is not 
available. However, the present prel1m1 nacy desigD stud7 v1ll 
be caapleted on 30 Ju.ne ~961 aDd the tiDal report to be 
provided by six indepemiilent cODtractora v1ll include their 
proposed Production Plum. 'When the atut17 results have been 
evaluated a Production. tt'.laD tar the ImJar Expedition v1ll be 
prepared. 

Several points are -apparent at this time and they are 
presented tor cazrpletez.tss in this plan. 

L1m1ted quantities ot ear~ equip~~enta v1ll be required 
until the teat progrut. !improves 8lX1 increases the capabUity 
~ each item 8lld produmt1on quantities beccae possible. 'lhus, 
as development aDd test:::iJJg proceeds the equip~~ents v1ll becaDe 
more s1:aDda..rd.Ued and ]prOduction techniques v1ll becaDe more 
applicable. When the mmar IsncJ1ng aDd Return :nights are 
1D1t1ated it vill be nea::es8a17 to launch vehicles at rates 
that var:1 traa one to ttaro tl18hts per month. When the I.uDar 
Expedition is aC'tual.lr tUDderv&T the launch rate v1ll remain 
at a rate ~ tvo per mamth tar an extended period. Considering 
the size, veigbt, ccm,pll!!:xity aDd importance ot these vehicles 
this represents produ.c:t:l.on rates even vhen caDpared to past 
a1rcratt or miasUe prailuction programs. 

'lhe inherent rel..!aib111 ty ot the systems required tor the 
lAmar Expedition progrsm v1ll be maximized by good design 
practice. Re11abU1.'Q:-~stiDg represents a major eUort ot 
the test prograa, but~ ac:bieved reliability ot these 878tem& 
can o~ be mai.Dtaine\f:. cilurillg procluction by an excellent 
qua.l1.ty control prCJSidllm· 'lbia meana that good organizatiOn, 
adequate MDning and eear~ reccsnition of the quallty control 
problem 1a essential. <I:l.oae coordination is required between 
the quallt7 control pec!Bonnel and the rel1ab1.11ty persoDDel 
in the desisn, ~cpaent, and teat program 1:t the rel1ab111.ty 
program and the test rasults are to provide the proper 
guidcnee so that qual~ can be maintained tbrougbaut the 
production ettort. 
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4.4.3 LOCATION 

It is anticipated that most ot 'the major systems and 
sub-systems can be monu1'actured at facilities, or locations 
presentlY in existence and available to the aerospace industr,y. 
HCNever, the possibility does exist 'that certain items, such 
es the first atase solid propellant stage, may be mauu:tactured 
e.t the Iwlar Iaunch Cc:aplex ~e to ita size and transportation 
11J:Iita.tions. 'lbese particula.J:' items have not been apecttied 
at this time • but this vUl ,be done aa soon as possible. 

''-'• 4ecv_..,., ,_.,.a ... , Ntl••ell• _,feclht• .,. _.,..., .,.,... ef tt.e llfkt.tl Sf••• witW• , .. ....,.'-• ef rt.e (t~F--.. l•••· lltte 
II. U.'S C . • S.c1ie1111 7tl .... 7t.C. lhe l•••••int .. ., ••'~tletl- ef •• :,. I• ••r ..... , te •- • ....,th.,lae~ .-.- It ., .. , .. W tt, le•. 



• 

·., 
' 

I 
1:1 
~ D· 

) . i 
I 

~--- ----------~~---



-. 
~:·:c;•j t; 'l 'i 

IT ..... ,..) 
\ •.Iii.~. 

5-l · •. 'l:Uu~ -s-4 53 

ta.lt 4M•••"' • .,.,_.,.. t.r .. ••tiM •lfeul"t ,... ,. .. ,...,., ....._ ef tM Uw;w Stet•• •h•l.- '"- ~••• I"• ef ,..,_ Et•r.....- l•••· Jtt1• 
II, U.S C., S.Cii.., nl - 194, .... tr....,.;uc.. ., ••••letC.. Ill wl>lcll lo ..,~ .,..,_ to •~ .. ~ ............ ~""- II ~eloa.ltM loy lew. 



I 

CHANGE 
NO. 

RECORD OF CHAHGES 

·! DA'm OF CBAJm •
1
. 

! 
i 

IESCRIP:ION OF CIWfGE 

I 
I 

REFERENCE 
TO BASIC 

PART 

~--------~----------·----------~---------------1------------·-
t 

,I 
I • I 

I 
i 
I 
I 
j 

I 
I 

i 
l 
1 

I 
I 
! 

. 
; 
t 
! 

I 
I 

f 
c • 
f 

j 

J 
.J 

~--~--------~------~--~' 
WDLAR-s-458 

rw. -- ·-· w .. -, .. elfM"-9 ,.. .,..._. .,_ t1 .... ~ Sl-• '"""""..,. _..,,,..., - l•,.._.. l-•· 1111e 
" · u.s c:.. s.;ctr ... 79l ..... 7 ... ..... ~.~eoo .. ,_......, tl ·•~<• "' .. , --- •• - -.,;, ... -- .... .-.;~ ..., .... 



DIDJO:X 

TITLll! 'Pf~G!'.: • • 5·1 

RECORD OF CHANGES • 5.2 

INDSX • • 5·3 

5-J INTRODUCTION • 5·5 

5-l BUDGET ESTIMATS AND FINANCIAl. PT/.~J. • 5·5 

5.2 COST E3TIW\TES. • 5.6 

5·3 FY 62., 63 FINANCIAL PLAN 5·7 

5·3 

th~t cl•c_, ... ,.. IMt•l~tt Mr., ... etfM effedt~tt lhe ._ .. ,_ ....... el t*-- U.i ... S.•••• .,,,,_~~~~~ tllie -.••i•t •f the ft~i ..... le•t, Title 
II, U S.C., S.cllew 7tJ •'"' 79 .. , the,,.,. ... , .. ;.,.., , ...... r ... el •••c• i11 ... ,. • .......,, te •" .... .,, • .,,~ HttM ;, •rellll~1t•41 It, •••~ 



• 

Thi::. pr;:.ee intenti-:.nt:.lly l•.:!'t blank 

WDIIlR-S-458 

nm •--"' ,_., .. ~~or ...... ..., .tlecli"' ....... ,_ ...,_ a1 .... u .... ., St•••• "''~"' .... --••• •' ,.,. hel•• .. • t•••· r.tla 
... u.s.c .• S..tleoo 79J ..... "'· .................. - ........... ., -~ .. ~ .............. , •• - ............... -·- ;, .............. , ... . 



' 
5. BUDGET AND FINANCIAL 

5. 0 INTRODUCTION 

The :f'unding estimates for the Imlar Expedition Program are 
based on results obtained :rrcm previous concept, feasibility, and 
pre11m1 nar;y design studies. These results wre published in the 
lAmar Observatory FiDal. Report, Volume I • Stuczy Summary and 
Program Plau, DUIIIbered .AFBMD TR 60-44 and dated April 1960. 'lbe 
costing o:r this prograD vas accomplished by the Rand Corporation 
and vas based on a ccmpletely integrated program. 

The funding estimates tor the l1lnar Expedition represent 
all the costs or establishing a habitable facility on the moon 
except the cost or developing the Space Launching System. 

Tbis funding would include a Lunar Transport Vehicle de
velopnent program that would give the u.s. the capability of 
using the moon and space. Then if the need sho\Ud develop in the 
future, the Lunar Expedition Facility could be expended to support 
JDilitar,y operations. Studies have shown that the moon possesses 
real military potential and it could sup~rt a recallable deterrent 
capability. 'lbe develo}lllent or the tuner Transport Vehicle repre
sents a minimum program tor the Air Force to obtain control of the 
cislunar volume and the lunar surrace. 

5.1 BUDCiET ESTDII\TE P.ND FI!WiCIAL PU..N 

A prelimincry design ror the Lunar Transport Vehicle is 
present~ being accomplished by six contr~ctors on an active 
stuczy program. This program vas :fUnded for *300,00:> in FI 61 
and three or the contre.ctors are each perfor:ning the design 
under a ¢100,000 contract. The other three contr~ctors ere 
participating on a voluntary basis. 'lbe fine.! reports for this . 
preliminar,y design will be submitted to the ~SD on 30 ~une 1961. 
Evaluation or these reports vill follov illl:lediate~ nnd 'the results 
vill be used to revise this document were necessary The LUNEX 
program has an Engineering Design caapeti tion scheduled far ini ti
ntion in Janunr,y 1962. 'Ibis canpetitive effort vould be evaluated 
and a decision on the manufacturing approach would be possible by 
January 1963. To accomplish this program the following :runds vill 
be required: 

Year· 
$ 

FI-62 
26.9 

FI-63 
112.2 

Should the above funds not be IIUlde available, the schedule for 
establishing the .lAmar Expedition \1111 be delayed proportionally to 
the delay in funding. 
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5. 2 COST ESTIMATES 

'!he :f'Wlding requirements for the canplete wmx Program are as 
follovs: · 

R&D 

Launch Facilities 

Expedition Costs 

tumual Total 

Program Total 

F. Y. COSTS ( In millipns) 

1 

I 

'--~---8--~~~+-------T---+---+-------~ 
I 

'---.------~--~~~~--~~+-~+-~~~ i 

126.9. l~2~~~_.~~~~~~~~~~~~~~ 

'l'o acccnpllsh the WNElC Program, additional information about the 
lunar sur:race is required at an early date. 'lhis means lUDar surface 
photographs f'rcm a lunar orbiting vehicle and the delivery or a radio
light beacon to tbe lunar surface by a sof't landing vehicle. Present 
lfASA programs vill provide sane information and capability. Hovever, 
to meet the WHEX program schedule, the f'ollaviag additional :f'unding 
vUl be required by either the NASJ\ or the Air Force: 

Unmanned Vehicles F. Y. COSTS {In millions) 

1965 1966 1967 
lunar Photosraphs 8lJd . I 

:Radio-Light Beacon 75 I 
• 

Recovery of' IAmar I I 
Core Sample 12 35 85 285 ;265 85 24 

• noi AmruAL TOTAlS 27 175 300 265 85 24 
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5.3 FY 62, 63 FINAHCIAL PLAB 

MANNED LUNAR PAYLOAD 
Lunex Re-entr,y Design & MOekup 

(2 cont•r, 8 Mea) 
Lunar Landin& Stage 

(2 cont•r, 1M ea) 
Lunar LaWlcbiDg Stage 

(2 cont•r, 1 Mea) 

SECOimARr POWER 
Mazmed Veh1c1e Paver System 
SUrl'ace Vehicle Paver System (15 kv) 
Nuclear Lunar FacUlty Power (300 kv) 

(Spur Program Support) 

GUilWICE 
Mid-course System 
Lunar Tel'lllina1 System 
LUnar Ascent System 
Earth Return System 

LIFE SUPPORT 
Crew Caapartment Design 
Ecologlcal. System· 
Moon Suit or Capsu1e 

coz.HJNICATIOBS & DATA HAHDLING. 
Maimed Vehicle Video System Design 
Vide Band Moon-Earth Link Design 
Secure BarrolrBand Link study 
Man-MiLD Lunar ·Burtace 

Mater1ala and· Resources 
Re-entr'Y! Mater1a1s Research 

Lunar Natura1 Resource Dev. 

5·7 

$ In Thousands 
FI-62 FY-63 

16,000 

2,000 

2,000 

60o 
100 

1,000 

200 
300 
100 
200 

II()() 
1,000 

500 

II()() 
200 
100 
300 

1,000 
500 

26,900 

ao,ooo 
10,000 

10,000 

1,000 
300 

1,500 

450 
450 
300 
500 

1,000 
1~200 

Boo 

1,000 
Jaoo 
300 
650 

1,300 
1,000 

ll2,150 
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SECTION VI 

PROGRAM MAHAGEMElfr 

LUNAR EXPEDITION (U) 

(LUNEX) 

: ' 

6.1 
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6. · mOGRAM MANAGEMENT 

6.0 MANAGEMENT FOCAL FOINT 

!!he focal point for management or the Lunar Expedition Program 
will be a Lunex Proerem OUice within the Space Systems Division, 
J\FSC. '!he Director or the Program ar:tice will coordinate, integrate, 
monitor and d:l.rect all activities at the JJ.mar Expedition Program. 
Subordinate to the Director v.Ul be managers for major parts at the 
prog:nuza. A tentative organizational chart for the Program Office 
is shown in Figure 6-1. 

6.1 RESPONSmiLITIES 

a. 'Dle Earth Launch Caa:plex Of'fice vUl be responsible ror the 
civil englneering aspects at builc11ng up the earth launch base. 
'lhe :llmed:late problem or this office v.Ul. be a site selection 
survey. 

b. '1he Earth Launch Vehicle ort"ice v.Ul be responsible for 
all earth launch boosters required for this program. 

c. 'D1e Lunar Landing and Launch Vehicles ottice 1dll be 
responsible for all. developnent and testing ot the Lunar Landing 
Stage and Lunar Launch Stage • 

.. 
d. '!he Manned and Cargo ~loads Of'fice Will be responsible 

for the developDent of the 3"1D8D Lunex Be-entr,y Vehicle and tbe 
Cargo Package. 'lhis v.Lll be one or the key offices in the entire 
program since 1 t Will be concerned With such major teclmical areas 
as lite support equipent, re-entry problems, secondar,y' power and 
structures. 

e. '!he Communications and Data Banclling ON'ice vUl be 
responsible tor establishing tbe cammm1catiODB netwrk and 
centralized data handling org&Dization. It Vill also concern 
itself Vith canmnn1cations problems between the earth, the moon, 
and the lmlex Re-entr,y Vehicle and point-to-point on the lunar 
surtace. · 

t. Guidance and Flight Control QN'ice Vill be responsible 
ror developing: ascent, mid-course, teDd.Dal., lunar ascent, and 
re-entry guidance equipaent. 

g. 'lbe Lunar Exped:ltion Facility ottice block (shcnm. in 
dotted outline) ind:lcates that that o:tf'ice Vill be established at 
a later time since the problems associated with the expedition 
tacillties are not at :llaediate concern. 
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h. The Plans Office will be responsible tor exumining other 
potential. uses or equi}llll!nt developed f'or the IAmex i'rogn.m. For 
example, . the same equipDent cou1d be used :tor sending men eroWld. 
Mars and Venus, or perhaps e1'fect1Jlg a landing on rhobo9. Con
siderable planning al.so needs to be done regarding the exploratory 
phase ~ the lAmar Expedition. 

i. Programaa1ng 01'f1.ce vlll be responsible f'or scheduling 
and budgeting of' the entire program. 'lh:l.s office vill have under 
J.ts control a netwrk or computers designated as the rEP progra:n. 

J• 1be Teclmical Integration and SUpport otf'ice vlll be 
responsible tor insuring the technical caapatibility or all cau
ponents o:t the system, such as, that the vibration is Within toler
able l1ml ts during the boost phase \lhen all components of' the 
system have been put together. ~a otf'ice vUl also provide 
technical. assistance to each of' the main component o:tticeo. 'lbe 
cCIIlponent ortice such as the Manned and Cargo ~loads Off'ice vill 
not rely entirely on the Technical. In~gration and Su:pport Office 
far assistance, but vUl be tree to obtain the best technice~ 
advice available 1D the nation traa whatever source is necessary 1 

such as other government laboratories or un1 versi tie&. 'Ibis 
Techn1cal. Integration and Support Office Vill be z:mnncd by 
Air Force of'ticers wo vill be responsible tor the V!!rious 
cl:l.scipllnes and for technical. support :traa the !.eros1:ace 
Corporation. 

k. 'lhe Reliability ortice v1ll insure tbat a strong 
reliabUi ty and satety program is toll owed by all contrectors 
throughout the program. Since reliability and saf'ety is o:t suc:h 
ext.rt:me importance in this program every etf'ort must be made to 
insure the reliability or the final. equipment. ~s can only be 
c1one by giving proper recognition to the problem at a higb organ:i.
zational level where policies and recommendations can be recognized 
and 1JIIplemented. · 

6.2 mOGRAM OFFICE MAmmfQ 

A Prograa or:tice must be establisbed 1lllned1atel.y e.rter progr8J:1 
approval it planned schedules are to be met. It is estim&ted that 
an 1.nitial buildup to 72 otf'icers plus 35 secretaries \1111 be 
required. A requirement. tor 100 MTS Will be established 111 th the 
Aerospaee Corporation. In view or the magnituae o:t the program, 
1411ch V1ll build up to more than one billion dollars a year, a 
larger Program. Oi"tice Y1ll be required. .Planning for these in
creased manpower requirements ldll be acccaplished by the Progrem 
attice, atter it is established. Suggested initial. ciistribut.ion 

6.6 

,., .................. ,., .. , IAfw•etlet~ .n.cu ........... , ............... , ... u.; ... St ••• , wlle.t.- .......... ~ •••• th• E•pi•···· l•··· 1111• 
••• u s4c .• S.dJ..- 7t3 .,.tt 7''· ... ,, •• , ......... ., ....... 1 ....... ,, .. '" .,.y .-..... , ••• ,. ............. 4 .......... ,...ha~•'•" br tew. 



/ 

.~ ~·r·rr.;.>nnP.I vl t.hin th~ Prt'gram Office is as f"ollows: 

o. !JJ.nex ?r-lgram Director 

b. ?lana 

c. Program:ning 

d. 'Iechnical Integration and Support 

e. Rellabili ty 

1". Earth lAunch C01:1plex 

S· Earth Le.unch Vehicle 

h. Wn.e.r ll!nding and Launch Vehicle 

1. Manned and C=rgo ~loads 

J. Com::IIWlications aud Data Handling 

k. Guidance and Flight Control 

6. 3 CRGi,NI7.i\'l'IONAL RE~TIONSHIFS 

4 

4 

6 

20 

2 

5 

5 

5 

15 

3 

3 

There \11.11 be a continual and energetic exchange of" direction 
end information betwen personnel of" the I1mar Program Qf'f"ice and 
eevelo!l2nt contractors. Because of" the cauplex natureand magnitude 
of the program, the Program Director will be required to deal 1d. th 
many contractors f'l"ODl diverse technical areas. It ia envisioned 
thc.t &n nsooci~te contractor \11.11 be selected fetr each major portion 
of the !)r'Ogra:ll, who will, in turn, use many supporting contracting 
various technological capablli ties. Technical integration and 
sup~rt 1d.ll be acccaplished by the Aerospace Corporation under the 
overall guidance end control of" the Program 01'f"ice. 

6.4 AIR FORCE DEVELOFf-DT J,fW mJ':'llCET 

'lhe IJmex program ofi'ice vlll vork ldth the Technical Area 
Jl.cDagers within AFSC. !be Teclmical Area Managers have project 
reoponsibili ty f"or developaent at z;olutions to technical problems 
such as those associated w1 th guidance, materials, rocket engf..ne 
propulsion, li1'e sup:-...ort, etc. Each Technical Area Manager vill 
identii',y and emphasize those critical technical problems to wbi.ch 
specif"ic effort must be directed in order to attain a capability 
req_uired by the tunex _program. 
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6.5 . OTHER AGENCIES 

Specii"ic arrangements vill be made vi th other agencies as 
requirements arise ill the developuent or the Lunex prpgram. 

6.6 ·~TOOIS 

'lhe basic pb.iloso~ or developing all elements or this 
program on a concurrent basis introduces rigid schec1uling require
ments. Speci:tic tasks must be dei"ined and scbecluled. Hovever, 
\lhcn develop~tent problems dictate that J11BDY factors be varied to 
keep abreast or advancing state-or-the-art, concurrency and even 
the end objectives are a:N'ected and possibly clel~d. A III&D&gement 
tool llhich uses an electronic ccapu:ter v1ll be used to suppoz t the 
Program Director in pl.ann1 ng, operating, and controlliDs the luDar 
Expedition Program. It will be 1Dit1a~d in the eaz'l,y stages or 
the Program 8Dd v1ll continue to be wsea.· throu~out the exped:ltion 
phase. !lhis 1D811Baezztent tool called P.rograa .Bvaluation Procedure· 
(PEP) vUl. assist the Director b)r provic11ns: 

a. A method ot hauaung large masses or data quickly, 
efticientl,y and economic~. 

b. 'lhe capability to locate, identit;y and this correct 
trouble spots. 

' c. A capability or integrating the m.auy varied and caapli-
cated facets or .the Lunar Expedition Program. 

'lhe PEP management tool is made possible through the use or an 
electl"onic digital ccmputer. 'nle schedul1Dg and monitoring ot JIIAD1" 
thousands of 1:tems required 1D the Lamar Expedition Prognma aa.ke 
the use or this caaputer tecbDique illperative. 'nle PBP approach 
empl.ors linear prog:nn•mng tecbn1quea vith a statistical concept 
1D conjunction with the electronic CCIIlpUter. !Jhia procedure 
:rac.111 tates the IUJill,ysis .or 1Dterrelaticmsh1ps ot 7NJ1JY thousands 
or program elements. 'nle results are presented as pro~ sUIIIIIB1'ies 
upon *ich the Director can base c1ecisions. (See Fig. 6-3) 

~e first step 1n using the PEP ~~~~magement tool is to make a 
deta:Ued aoalysis ot the overall Luaex Program. Each maJor event, 
llilestone, or acccapllsbment that JIIWJt be achieved is listed in 
cbronological. order. ~ events -.at be vell defined and should 
occur at an instant o:r tl.me 11b1ch CBD be iclent.Uied. A network, 
or a program plBD chart, is laid out 1D 'Ubich the events are shovn 
as points or circles 'Whose positiooa rougb.ly represent their 

. chronological order. Interrelati011Sb1ps between tbe events (circles) 
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and sequence or events are shovn by connecting lines. 'lhe line 
between the events represents work that must be done to proceed 
1'rcm oae event to the next (See Figure 6-4) • 'lbe caaputer then 
totals all ot the expected activit;y times along every possible 
(in tbe thousands) route of the network f'%'CIIIl start to the end event. 
'lbe PEP C<XIIpUter then examines the total times or the large number 
of paths in order to :t1nd the longest which is called the critical 
path. ~ critical path defines the sequence ot events 'Which vill 
rea.uire tbe greatest expected t.ime to acccmpllsh the end event. 

~ etfecta 01 a del&ir tor ~ particular milestone or event 
GD. the entire program or on 81f¥ other ennt C811 •. be quickly and 
etricien~ determined so that corrective action can be taken U 
required. 
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7. MATERIEL SUPPOO'l' 

7 .o INTROIJJCTION 

It is intended that this program use two signUicant 
concepts that v1ll result 1n better ma.nasement of the materiel 
support program. These are the Delayed Procurement Concept and 
the Responsive Production Concept. UDder the Delayed Procurement 
Concept, the orderi.Dg and delivery of' high-cost insurance-type 
spares is def'erred untU the fiDal production run must be made, 
allori.ng for the accumulation ot maxi.mulll operational experience 
vith the nev item before a final spares order must be placed. 
Under the Responsive Production Concept, a portion of the 
requirement for h1gh-cost operational spares is procurecl in 
unrabricated, unassembled f'orm. When the Spllres demand can be 
more reliably predj.cted, based on actual usage experience, 
additional complete spare items can be produced vithin a very 
short lead-time period. When experience faUs to Justif;y a 
requirement for additional complete spares, the. materiels and 
parts involved can be utUized in end o.rticle production. 
1be policy shall be to buy Dlinilla.ul q~tities of high-value 
spares and maintain close control over their transportation, 
storage, isSU!lnce, and repair untU they f'inally vear out, 
or are no longer required. Simplification of procedures and 
relaxi.Dg of' restrictions on low-value items vill provide the 
means (man-power, machine time, etc.) for more precise ma.nagement 
of' high-value items. 

7.1 SUPPLY 

Maxillllm utUization vill be made of existing nssets. 
Where practical, e:quipz~ent and parts vill be reclaillled tram 
completed test ·pr~, r~paired, modified and overhauled to 
suitable condition f'or use in later tests and operational 
tasks. 'lhe procedures and pe.pervork involved vith procurement 
of spare parts must be streamlined to permit mximum flexibility 
in planD.ing aDd respoDdi.Dg to a continually changing conf'igura
tion. !mediate adjustment of inventories e.nd reorder points 
111st result f'rom test prog:rRIIl and engineering chenges. 
Selection of spare parts should be made at the time of' initial 
design to eaable procurement or spare and production parts 
concurrentlY to elimiDate reorder costs resulting from separate 

· procurements. 
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Determination or quantities, reparable-overhaul-mod1fica· 
tion planning, control etc., shall be accomplished and directed 
by a permanently organized and active group caapoaed ot personnel 
representing the eagi.neeriag, production, materiel, rellabUity', 
quality control, procurement aDd contract depa.rtments, aDd the 
various affected sections vithiD these departme.nts such as 
design, test, planners, etc., aiteDlillg as required. ~ AFFR 
v1ll have a member assigned to this group for surve1llance 
purposes and to prcwide losistic guidance on problema vbich ~ 
require advice traa the Air Force. 

Persona assigned to ~ group sbaJ.l. be vell qual.itied b;J' 
. l'ea&on or experience and techn1Cal ability'. 

~e procedures and paperwork involved sbal.J..,be streamliDed, 
tak111g due cognizance ot the powers and capabilities ot the 
above group to permit maxiDlm tlexibility' 1D planning and the 
quickest possible respons~ to changes 8M emergeJ1C7 situations. 

~e group v1ll pq partieul&r attention to control ot 
hi-value items and items critical. to the needS ot the expedition 
and test program. Such items, particularly those potent~ 
subject to imainent redecJ1gn, v1ll be rigorously screened to 
assure economical inventory aDd the best possible repair, 
overhaul and mocl11'ication plann1ng at all times. 

'lbe group shall be responsible for the follaviJJg: 

a. IDmediate adjuotment or inventories and reorder 
poiDts resulting 1'raa cbangea t4;» the deliveey acheclule, tbe 
test prosram, and tor eagilleering challges. 

b. Inventory revieW and adjUstment ot 1n1t1ally 
establlshed stock levels arJ!l/or reorder points 1n lfght ot 
latest experience piDed f'raa the teat program eve17 t:lme 
reorder or mtni"Dl!l stoelc levels are reached. 

c. Review ot stock levels, and adJustment and/or 
disposition ot non-JIIOV'iag items on a continuillg basis, but at 
1utervala not to exceed s1xt7 ( 6o) days tor UW' 1Ddiv1dual hi
value items aDd lBO ~ tor other items, or at other 1Dterval.s 
as asreed upon b7 the Contractor and the Contracting Officer. 
'lhis is to include the return to production ot ~ surplus 
quantities tor rework to later design requirements .. 
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d. Control of' repai.r-overhaul-modification planning. 

7.2 DISTRIBUTION 

!be Contractors shall develop internal working procedures 
which enccmrpiss the following requirements: 

a. Inveutory levels shall be programmed to va.r:1 
vith anticipated utilization. Shipnents 1n advance of' est1Jna.ted 
requirements v1ll. not be made except when it is clearly 1n 
the best interest of' the program to do so. 

b. Stock levels shA 1.1 be m1n1mized by max1Dlm 
econanical reliance on repair, overhaul, arJd modification of 
reparable items. Repair, overhaul, and mociitica tion tUrn
around time vill be a prime determinant 1n esto.bllshiJJg the 
m1n1DI.ml stock-level period tor each item. 

c. Where feasible (vith particular emphasis on 
hi-va1ue and critical items), inventory cost vill be minimized 
by stockase of' repair, overhaul and modification bits, pieces 
and cauponento (relatively low-cost items) in conjunction with 
a pre-planned and tlexible expedited repair, overhaul, and 
modification program, as ~sed to stocking sub-assemblies 
and end items themselves lthe relatively high-cost items). 

d. Stock levels vill be determined on bo.sis of 
overall !)rogram needs and v1ll be independent of the site 
location of the stock. Ms.ximum utilization vill be made of' 
available contracted air transportation to minimize "pipe-
line" timi. ·'· 

7·3 STORAGE 

Parts whether required for the teat or expedition programs 
should not be segregated fran production stock. ~is merely 
adds an unnecessary stocka8e' cost-burden. By ccmbining storage 
facilities vith a co-miJJgliJJg or stock, considerable cost 
savings can be ef'f'ected. Spares &lld production stock serve as 
butter stocks tor each other. It multiple activities such as 
JDaJJUf'acturil18, test, and the expedition are supplied fran a 
single storase f'acUity the chance of stockout would be 
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minimized. 

7.4 REAL PROPERTY IRSTALLED EQUJliMENT (RPIE) 

Each contractor is charged vith the responsibility o~ 
ident11',ying, as vell as determining the criteria ~or all 
·items required for successt\ll. mission accc:aplisbment. When 
the requirements have been determined the responsibility tor 
acccmplishi!Ji th~ required RPIE materiel support program vill 
be assigned. ibis materiel support vill include the necessary 
selection ot spare parts to be stored at the manufacturing 
facility or at the launch site. 

7 · 5 MADTEHANCE 
..... 

'lbe proposed operational mode of the WNEX program is 
unique 1D that it retains all the :features ot a research and 
developuent· program. In the time period desigDated as 
"expedition", it can be expected that in addition to a variety 
of missions the systems vU1 be modified and improved, the 
launch tacllities and support equipnent ~ require modifica
tion, aDd technical development may force program cbaDges. 
Since the expedition period is actually a continuation of the 
developaent and test program it is apparent that the systems 
and techniques developed during test!n« J11B7 also be continued 
:for the Expedition. 

AD evaluation will be made to determine the feasibility 
ot having contractors support the program throughout its 
entire li:te. However, in dete:rminiDg the total task, considera
tion 1111st be given to the available Air Force IIISJ:JpOVer, equipment 
and facilities that may be used to support the WREX program. 

7.6 MAMJFAC'IURING FACILr.L'r CRITERIA 

The equilJDI!nt production :facilities v1ll. pre:ferabq 
consist ot an existing large aerospace plant convertible to 
WNEX production vith a Dlini.mum IIIOdificntion program. It~ 
be necessary to find a facility that is adjacent to, or easlly 
accessable to DB.vipble watei"W8YS· 'lbe facility should obviously 
be located 1D an area containing en abundance of skilled manpcver. 
Manufacturing Test hcili ties o.djP-cent to the manu:facturing 
facilities vould be ver,y desirable to reduce transportation 
problem. 

,.,, ...... .:. c.-.t Mlf• ... , ...... eli,.. tt.e .... lefMt ....... el .... LMtfiM SHifl wttW. '" .... ";"• ...... Ia.;--.. lowt. Tttt. 
.... u.s.c .. S.ctt ... 791 .... "·· ••• h ........ , ........ .......... -s.:c• ..... , ........ , ..... __ ...... .,i.•4 _.., •• ,. ..... " ......... ,. ... ~ 



1 

•' 

Certain items, such as the lnrge liquid and solid boosters 
and propellant, vill probably be a&oembled at the W.nex launch 
Complex and special facilities tor mcnufacturing these items 
v1ll be required at the launch cmiplex. 'lhua cher.kout and 
acceptance test facilities vill also be re~ired at the 
launch canplex. 

Maey major manufacturing items, such as the lAmar U!.nding 
Stage and the Wns.r launch Stage, vill be produced at the 
manufacturers• facility. '!his vill require !Q"o:r.ellent storage. 
or a propellant manufacturing capability at the plant, plus 
various test and check out facilities to support mnnutacturing. 

As an example, the f'ollowing test facilities vill be 
required to support the manufacturing ot the wnar Il!.nding 
and I.uDar launching Stages: 

a. Configuration--For eRch ot the tvo stages o. 
Propulsion ~st Vehicle Test S~~nd and tva Flight Acceptance 
Firing Stands vill be required. In nddition. cold f'lCN· test . 
facilities con~isteing ot one ~d nnd three structurnl towers 
vill be required. 

TWo separate test complexes vill be needed - one for 
each of the tvo stages. 'lbere vill be only one central 1 y 
located blockhouse vith control and instrumen~~tion ~a~biJity 
for op~rating both complexes. Each hot 'firing stcnd l:ruld 
be located in accordance vith a ~ psi expln~ion overrressure 
criteria. An explosive force calculated on ec;uivalent IH~ 
caloric content to TNT, shows that i;he hot s'b!nds should be 
no closer than 2000' to a!JY' other hot or cold s~nd. 

b. ~st Pad conriguration and arrangenent - - ~ ch 
.hot test pad vill consist of a concrete pad eC\nta 1.ni1J8 the 
launcher structure. 'Jhe stage is erected by a mobile COI:':lterc ial 
type crane, and personnel access 'for maintenance is by work 
stand and ladders, or a cherr,y picker. Wo s~rvice t"«er v111 
be required. 

c. 'lhrust U!vef Measurement - - 'lhrust levels '\till 
be determined by measuring the chamber pressure lind an;-.J yint; 
the result to the engine manufa.cturer' s ca librntion curve. 
Tanking level is determined by the Propell~.nt Utilizution 
System. 
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d. A1titude 51mul.ation Unit - - A pleDWil chamber, 
c:ontainiag steam Jets up stream of its exhaust bell, shall be 
attached to each engine for altitude s1mulation. 

e. Fl..ame Deflector - - ''lhe ·design is a couventiOD&l 
configuration elbow shaped shield cooled with a firex vater 
inJection ~stem. 

t:. Propellant Storage and llaDdliJJg Equipnent ·- - A 
central ~ storage am tra.Dater facility shall be prc:wided for 
each of the tvo test facilities. 'lbe lAmar Iarvl:Jng Stage 
facility shall store 350,000 lbs. ot LOa· Spherical, vacuum 
insulated devars shall be used. 'lhe transfer unit shall be a 
motor operated centrU'Ugal. pump Vith 500 gpm BDd 100 pai 
discharge head capacity. 'lhe lAmar Iaunch Stage Teat Facility' 
La.::, storage shall contain 18,000 pl.lons in spherical dewars 
with a transfer pump capability' of 200 gpm and 100 psi discharge 
head. Distribution lines for both ccmplexea would be prefabri
cated, · static vacuum, insulated steel pipe. 

AD m2 storage and transfer tacillty w1ll be provided 
at each hot fir:J.ng test stand and the cold nov test pe.cl. 'lbe 
transrer · ~tem is an IB2 gas ge11erator system with air being 
the th~ source. P.ressuriJJg level in each taJJk vould be 100 
psi • . 'lbe m2 storage capacity' requirement for each Wnar I.aunch 

... Stage facility is.-15,000 lba. and at each J.sncling Stage Site is 
35,000 lbs. Again the storage facilities would be spherical 
devers with segmented, prefabricated, static vacuUIIl 1naulated 

· stainless steel pipe distribution l.iJJes. 
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8. CIVIL ENGINEERlliG 

8.0 IR!RODUCTION 

As part ot the Iunar Transport Vehicle study, consideration 
vas given to the racUi ties required for the launch and support 
of the Space launcb1ng System and the lAmar Payloads. It vas 
assumed that the manufacture of all boosters and the payload 
vould be acccmplished at existing factories. hcUi ties and 
equipnent required tor the manufacture ot large boosters may 
be readU;y installed at factories having clearance sutticient 
to handl.e the booster. large boosters such as required tar 
this program must necessarU;y be transported over long distances 
b;y special.l;y constructed barges. By selectiDg mnu:tacturiDg 
facilities and launch sites adjacent to navigable vaters, · 
a m:tnin11m ot overland tro..nspcrt vould be required. A sign1fi .. 
cant saviJ:Jgs ~ be effected b;y providing launch capabUi ties 
at selective areas where ex1st1Dg support facilities, personnel 
housiDg, and assured tracking capabilities are available. 

'Dle logistic su:pport tor the launch rates 1Ddicated in 
this plan dictates that new propellant ~ac:turing facilities 
be constructed at the launch site and that tra.nsport barges aDd 
other vehicles be available to transport vehicle components 
fran the manufacturing plar.ts • .. 

A modified Integrated Transfer launch System is envisioned 
for the Lunar Transport launch System. The st;e and. weight of 
the Space launching Vehicle 1 designated the l3C2720, precludes 
the transfer ot the entire IuDar Transport Vehicl.e a:tter 
assemblY', but the integrated transfer of upper stages and lower 
stages separa.tel;y with a m1n1num mating and. checkout on the 
launch pad ma.y provide increased reliability and appreciable 
cost saving. 

In order to achieve the highest launch pad utilization 
possible and to make maximwD use of specialized capital 
equipment and big~ sk1l.led m8upover, the appl.ication of 
operations reseorch technology v1ll be required. To handle the 
test loe.d and the camplex sequencing requirements presented 
by the tbree-stase Space launching Vehicle plus the Iwlar 
Pnyload, a COIIlpUter controlled, integrated launch sequencing 
and. checkout system v1l.l be needed. It is desirable to 
accomplish the maximum amount of systems testing in a protected 
enviromn.ent -prior to locating the vehicle on the launch pad, 
and to use the l.c.unch pad, in so far as is possible, tor its 
prime purpose, that of preflight servicing and launching the 
vehicle. 
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8.1 WNAR LAUNCH COMPLElt 

The Lunar Transport Vehicle System has a requirement for 
launch and support f"at-i.lities suitable for 111anned lunar flight 
ot 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 1'rom 4 to 6 launch pads vould be 
necessary depending on the launch site location and the means 
available tor bandliag the booster. There are no existing 
launch pads capable or bancJUag this vehicle, nor are there 1 at 
this time, facilities capable or coDductin6 static testing or 
the "C" booster aM. the launch of' the complete U1nar Transport 
Vehicle. It is possible that by canb1Din6 the capabilities 
tor both static tiring and launch in tvo or the pads required, 
a sipitic:ant cost saving 11181' be gained aDd an accelerated 
test prosram ~ be effected. !lhis vould provide a capability 
tor the launch of' the "c" booster with or vithout solid boost 
during R&D f'llght teat and ror early test missions or the 
hmex Re-entry Vehicle. The developnent and flight test or 
the "B" booster is pl.almed at .AMR during the developnent program. 

It vas assumed 1D the Wn&r Transport Vehicle study that 
the IIBDUf'acture of all boosters and the payload vould be 
accomplished at exist~ factories. Bev and added facilities 
and equipment. such as large forming brakes 1 special veldi.Dg 
jigs 1 fixtures and ma.c:hi.Des 1 aDd large processing facilities 
vculd be required. In plants or sufficient size these 
f'acUities and equipment could readily be installed. FUrther 
investigation ccapar~ the relative econaDics or DIB.JlUt'acture 
at the launch site versus manufacture at existiag tacUities is 
required to insure an economical choice. 

Assemblies baviiJc a diameter exceeding 12 teet or 
weighing over 200,000 pounds cannot be transported over 
United States ra11VQ11. A load or 78,000 pouDds is considered 
to be the lW.t over selected h~ routes. In as much as 
both the "B" aJJd "c" boosters of' the Space Iaunch Systems ~ve 
diameters 1D excess of 14 feet, transport from mauu1"acturing 
plant to the launch site must be 'b7 barge. !!he large quanti
ties of' boosters and the special environmental protection 
required suggest that specially designed barges be constructed 
to transport these assemblies. Harbors and docking facUities 
vould be required near the manufacturing f'acUity and at the 
launch site. 

B,y locating the launch tacllities at or near Cape cana
veral for an easterly launch signif'icant savings may be 
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effected. 'lhe use or existing administrative capabilities. 
personnel houaimg, assured trackf.Dg tacUities, and technir.al 
support areas vU1 provide a saviDg 1n costs and 1n leadtime 
required tar construction of' support tacUitiea. S1m1lar 
gains mq be -.de by' locating launch !acUities at Point 
Arguello £ar polar launch. 'lhis doea not mean that Cape 
Canaveral. aDd Point Arguello are the o~ reasonable locations 
tor the Jenncb site. In tact, by exteDding the Atlantic 
MissUe RaDge 1D a veaterq direction across the Cult of' 
Mexico it 1a conceivable that a l.auneh site 1n the vicinity 
ot the Corpus Cbriati Baval Air Cclllplex voul.d proVide the 
1\ll.l use of' AMR Ranse f'acUities vith minimum overtly or 
foreign laDd 111a11aea. Likewise, extension or the AMR Range 
in a ncrtherq cl1rection to the cOa.at of' South Carolina 
vould provide a a1mflar accommodation. 

8.2 LOOIS'l'ICS 

'Dle logiatic support tor the lauDch rates iDdicated in 
this stuclT dictates that DeV propellant JII&DU1"acturing plants 
be constructed at the launch site. Eld.stiJJg propellant 
lllalllltacturiDg pl.ante are inadequate and the launch rates 
mentioned voul.d use the run capacity of' a separate propel.l.attt 
1118DLlf'actur1ng f'ac111 ty. 

a. Propell.ant use rates for a 2 per month launch 
rate are estimated as f'ollowa: 

(1) Liq~ Jbrdrosen manufacture 50 tons per day. 

(2) Liquid Jbtdrogen storage 
6 8 launch pad 1. 5x10 pounds. 

(3) Li~ OxyseD/Hitrogen 
M!muracture 120 tons per day. 

(4) Liquid Ox)raen storage 
4 X lcP pounds . 8 launch pad 

Barges vUl be required tor traDBPOrt ot boosters 
t'rca the IIIIUIUt'acturing plant to the launch cCDPlex. 

8. 3 AEROSPACE GROOlm ENVIROOtErr.r 

A JIIIOC111'1ed Integrated-'.rralulfer-Iaunch System iB envisioned 
tor the Ilmar 'l'ranaport Iauncb S)ostea. 'l'h1a approach vould 
allow the caaplete integration aDd checkout of' the "B" booster 
together vith the I11nar Transport P&¥load 1n a protected 
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environDent simultaneously vith the assembly and checkout of the 
C2720 booster cCDbination at the launch pad. 'lhe size and 
ve~ht or the BC2720 Space Launching Vehicle precludes the 
transrer or the CCJIIPletely assembled IAmar Transport Vehicl.e 
fran an integration building to the launch pad. It is feasible, 
however, to mte and integrate the "B" booster vith the U1Dar 
Transport Payload inside the protected e!Irlrons ot an integration 
building and vhen completed transfer the "B" booster and payload 
assembly' to the launch pe.d for mating vith the C2720 assemb~. 
(See Figures 8·1 and 8·2) • ibis can best be acccarp1ished b7 
a clirfside location or extending a 'ramp 1'rcm the integration 
buildillg to an elevation at the launch pad approximate~ equal 
to the height of the C2720 stage. 'lhe assembly and checkout 
ot the "C2720" vehicle JII8Y' be accCDPlished in tvo ~ 
depending ·on the specific location or the launch pad and its 
accessibility to navigable vaters. For a launch pad havillg 
no direct access to navigable vaters, the assembly and mating 
ot the solid segmented motors to the "C" booster voul.d be 
accanplished at the launch pad. 'l'he extended time necessary 
to accanplish this assembly and checkout accounts for the 
dif!'erence in the numbers of pads "required. It is estimated 
that 6 launch pads vould be needed for this plan. For a 
launch pad having direct access to navigable vaters, the 
assembly and mating of' the solid segmented motors to the "c•• 
booster could be accomplished at an interiM integration 
building located sane distance away frca the launch pad. Mter 
assembly and checkout, the "C2720" canbina.tion vould be trans
ported by a barge to the launch pad and mated to the "B•• booster 
and pa;yload assembly. By using this approach it is estimated 
that 4 launch pads vould be adequate ror the 2 per month 
launch rate. Finn! confidence checks and integration o:f the 
booster and facility interrace vould be accomplished at the 
launch pnd. 

'Ibe TNT ~uiva lent of vebicl.e propellants vas estimated 
in the !'olloring =umer. 'lhe TNT equivalent or the liquid 
propel.lants vas taken at ~ ot tbe total UJX/IB2 load tor 
all stages. ibis is the :figure currently used at AMR tor TNT 
equivalence !'or Im./Uf.2• In this case, because ot· the great 
quantities of propellant involved, this degree ot mixing is 
unlikely and the~ figure voul.d be cODJServative. Solid 
propellants are taken at 1~ of the propellant veight. It 
is also considered that detonation of tbe solid propellants 
may cause the subsequent detonation or liquid propellants and 
vice versa: but, the simultaneous detonation or all propel.l.ants 
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is not likely to occur. 'l'bis phUosop~ resolves to consideration 
or 'l'N'l' equivalents of liquid propellants and solid propel.lants 
separately and the;r are not additive. The TNT equivalent o-r 
one of the four segmented solid assemblies is 6801 000 pOWlds. 
'l'be £Jot~, TNT equivalent ot the total liquid propel.lant 
load is approximately l,)OO,OOOr:da· Using the highest 
TNT equivalent (1,300,000 pounds the iDhabited bu1l.ding 
d1stance llll&t be approximately miles :trcm the launch pad and 
minfp1m pad separation lUSt be approximately~ mile. For an 
1Dhabited F&d adJacent to a launch operation, pad separation 
voul.d be 2t llil.es. It is obvious that the real estate problem 
v1ll. be extensive. For a coastal location ot "C" launch pads 
up to 18 miles o1' continuous coast line vould be requirecl -ror a 
d1stance of 3 miles inland. 'lhese distances Can be decrwed by' 
creating a buf1'er between the pads. Locating the launch pads 
1n ravines or indentations 1D clit'r side 1 aunc:h locations might 
substantially reduce the laDd areas required. The sehctive 
location and orientation ot the integration buUdiDs and other 
support -racUities to take best advantage o-r toposrapb¥ vould 
do much to decrease distances and reduce costs. 

'lhe repeated launching of similar payloads 1D the I1mar 
Transport launching Systea ~ the extended t1me between launches 
:f'roal each pad indicates that a central laUDCh contro1 -ror all 
pads might be desirabh. To avoid analog signal ~1ne driv1Dg 
problems and to allov greater d1stances than DOl'lllal betveen the 
pads and the camDOn blockhouse it is possibh to use digital 
control for launch pad checkout and launch. Analog to digital 
conversion vould essent1al.ly be accomplished at each launch 
pad and transmitted to the blockhouse v1a digital data link. 
With vertical mat1Dg, assembly and detalled checkout 1n the 
vertical assembly integration buUdillgs, o~ gross, survey type 
testillg or a simu.lated countdown and l.auDch voulcl be performed 
at the launch pad, since test and vehicle subsystem sequenciJlg 
s;rstems could be installed 1D both areas. Present day' checkout 
methods, because of the D1B.D;Y lD!tD'al controls and loag-t:lme spans 
iuvolved vould not proride BU-rticient assurance of the high 
rel1abUity o-r the CCIIIPlex integrated systems- expected 1n the 
Wna.r Transport Vehicle. 
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9. PERSONNEL AND 'mADfllC 

9 .o DflRODJCTIO!f 

1b1a section ot the I.u.Dar Expedition Program Plan (Iunex) 
inc.l.udes estiatecl persozmel. requirements to support the prosram 
al2d presellta the t.ra1Dh'S requirecl to RCccmpliah the end objective • 

. ~ personnel. requirements veri derived on the baaia ot the 
scope ot the caaplete prosram and the persODDel vouJ.d be canprised 
ot civil1an &Dd Jlilltaey persollDel• 

1be trai.niDs program vas prepared by the Air Tro.iniDg 
CcmnaDd llDd baaed on the Imar Elcpeclition Progl"'UUl Plan. 

9.1 PERSODEL 

~ accaapllahment ot the lAmar Expedition Program vUl have 
a mzrpower hlp&ct on the Air Force that 18 quite dUterent tban 
preriou prosruus. 1be DWiber ot personne1 acb•eJ17 on the 
~tion vUl be rele.tiveq aal1 compared to the Dlllber ot 
peracmael. required to support the operation. The actual. contractor 
"i.D,.pl&Dt" perSODnel required to accc:apl1ab this prosraa are DOt 
included in the tollavins figures. Rouever, a general. estimate ot 
the total coutractora• ettort, baaed on the averege estimated 
aumaal expeDditure tor the ccaplete 1&mex prosraa, vould be the 
equiftl.ellt ot one ot. our larger ~cturiDg ccmpanies with 6o to 
70 tbowunld, persoanel.. It shoul4 al.so be stated that this effort 
vwl.4 UDdou~ be spread througbcut the 1Mustey aDd. not 
conceat.rateclin one c:aDpaD7 aDd the previa~a statement is o~ for 
CCIIIPU'iaOD• 

1be m111tar,y aDd civlliaD peraOJmel. required to support the 
Imlez prograa 1S eat:lma:ted as tol.l.ova: 

Space PersODDe1 

lAmar Expedition 
(21 MD at expedition tacWt)", crew 
rates ot 5) . 

OrOUDd PeraoDDel. 

I&mar Squadron 
launch Squadron 
Instrumentation ~ 

.Aasembq • MainteMDce Squadron 
aa~ Squadron 
Base Support Units 
Ad•fniatration 

145 . 

100 
873 

~ 
562 
639 
350 

~ ----- ·--------.. 



Total Direct Personnel 
(Space plus Ground) 

Overhea.d 

Range Traclting 
Logistic Support Organization 

Grand Total Personnel 

9. 2 'i'RAIHmi PROGRAM 

'Dle reaailliDg portion o£ this section o£ the Lunar Expedi
tion Prcgram Plan (Imlex) presents the Training Program. It is 
based on the limited data and inf'anaa.tion avnilo.ble o.t the time 
or preparation. '.lhe knowledge pined rraa .the state-or-the tlrl 
developnent ot this program vUl o£ necessity bo.ve to be applied 
directly to the training areas to insure "concurrency" o£ the 
programs training developnent. F\lrther, the truini.Dg knowledge 
end experience acquired from current research and development 
prognuas must be studied tor application to this progn!Jil. 

'.lhe co~cep~ and plans projected in this pnrt or the PS'PP 
v1ll be subJect ~ constant revision end/or up&!.ting. Use or 
various s:lmulators and synthetic traiDing devices must be a part 
or the tratntng program. IdentUication ot the required 
tra1nillg equipzaent and real property f'n.c11i ties to house them 
must be accCDp1ished early' in the program development to insure 
tra1n1ng equipment and £acUities being c.vnihble to meet the 
training need dates. 

'Jhe unique miSSiOn of the WneX program requires t'. Ca:Jpre
hensive and tilaeq source or personnel equipment de.t:t (PEn) . 
~s inf'ormation is required for spnce crev ~Jld support positions 
required to operate aDd m.intain the sp'!.ce vehicles :>..nd su:opo!t 
equi:pment. Devel.opment of' such da.ta must be initio.ted c.s p:;.rt 
or the design ef'f'ort to reduce the time element tor follow-on 
persounel. sub-system requirements . 

No ef'f'ort is made in this section to speci.J'y requirements 
tor the Space launching System since they l'.re delir.e:-.ted in the 
Space launching System Packr-se ProgrT'~. 

ntis section o£ the Proposed System Pl:.cknge Prog~~ vas 
developed under the premise that Air ~ining C011111n..nd vould be 
assigDed the 1Dd1vidue.l aerospace crew and techni~l training 
responsibilities for this program. 1heretore, Nl'C must develop 
their cape.blli.ty concurrent vith hardware development through 
tbe engineeri.Dg design phases to support the expedition. 



9. 3 PlANNING FACTORS AND GROOND RUlES 

a . ~: 

This section is conceptual in nature at this time and 
embodies the bnsis ror the training to be accanplished in support 
or the tunar Expedition Progrnm. It includes guidance ror 
individual, rield, unit and crev trainiDg. 

b. Derinitions: 

(1) Aerospace Crew PersOnnel: 

Personnel pertol'Dlillg crew duty 1n the Ilmar 
Transport Vehicle. 

(2) Cadre Personnel: 

Those personnel necessar;y ror logistic planDiDg, 
t~ 8o-14 Testing Prosrams, and ATC instruction and preparation 
or tra.iniDg mteri4l.s. 'l'be requirements ror participation 1n the 
testing progrmns v1ll include test instruments ror category 
testing in accordance with pe.ragraph 5 a (l.) and (2), Am 8o-l.4, 
and Job Trainiag Standards ror the Integrated Systems 'l'estiDg 
Progrcm in accordance with paregraph 8 g (3) 1 APR 8o-14. 

( 3) ~fa.in Canplement Personnel.: 

Personnel employed in the receipt, check-out, 
insta.llation, repe.ir, m:lintemnce nnd operation or the system. 

( 4) Sup_t10rt Personnel.: 

Air Force Logistic Command personnel required ror 
support f'unctions as well as other agencies' supervisors and 
:plnnnersz 

(5) ~es of ~ining: 

. (a) 'l)pe I (Contract Special. Training). Special 
training courses conducted by contractors at an ATC installation, 
contra.ctor racUity or e.ny other designated site. 

(b.) 'l)pe II. (ATC Specinl. Training) Special. 
'lreining Courses coDducted by ATC training centers • instructors 
at an ATC installation, contractor racUity, or~ other 
designo.ted site. 

(c) Type III. Career training. 
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(d) ~ rv. Specia1 training provided by ATC 
trniDing detachment instructors at the site or the organization 
requiring the trni ning. 

( 6) Testing Programs: 

(a) Ccmponent - the testiDg ot the cauponents ot 
a sub-system, such as the guidance package, or ecological. 
package. 

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

(c) Integrated System - the Re-Entry Vehicle, 
b.mar IaunchiDg Stage and b.mar IandiJJS Stage assembled together 
and tested as a whole system. 

c. Assumptions: 

(1) !lhe IIIS.D-rated Iwlar Trausport Vehicle vill be 
a.vnilable tor use by the lAmar Expedition_ in 1968. 

(2) M.U perscmnel. v1ll observe, participate aDd stu~ 
the training programs devel.oped £or current research and 
developllent programs conducted under other goveroment agencies 
end/ or contractors. , 

(3) Am 8o-14 vill be used as a guide tor accaaplish
ing thf; program testing. 

( 4) The terminology tor normal levels ot maintenance 1 

i.e., organizatiom.l, 1'ield1 depot, and shop, vehicle assembly 
and maintenance as specitied in AFT£ (A!C) letter IDol, dated 
25 J~ 1960, subject: Standnrd Maintenance Terms and M!U.Dten
Q.Dce FacUity Haaencla:ture tor MissUe 'Weapon Systems v1ll 
apply: . 

. (5) 'lhe Air Force M!lintenance policy ot mayfm1m 

meintenance at the lowest tee.Sible level will preva.il. 

(6) nJ.e to the time phasing ot the subsystems, special. 
consideration must be given to the training facilities require
ments t\mding £or the Re-Entry Vehicle tec:hn1cal. trafnfng 
programs. 

( 7) TestiDg Jates: 

(a) Start o1' Caaponent Testing Ihtes are: 

1. Re-Entry Vehicle - JuDe 1963. 

2. I1mar le.unch Stage - Febru.ary 1965. 
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J· LunP-r .J.anding StP.ge - 1-t">y 19()5. 

(b) Stt>..rt of Subsystem. Testing lhtes Are: 

1. Re-Entry Vehicle - November 1.964. 

2. IA1M.r lAunch St&.ge - Mny 1.966. 

J· U!Mr IsndiDg S~e - Jul,y 1.966. 

d. Pecul.iar Requirements o.nd/or Limit.'!tions: 

(l.) ~e unique mission of this progr~m m.".kes it uwnd9-
tor;y that the f'ol.lwi.Dg e.ctions be accanplished concurrent vith 
the devel.opment of' the hP..rdve.re: 

(o.) The contractors vUl. develop the rersor..r.el
Equipment ~ta. 1nf'or11Vltion concurrent vi th the design of the 
bardvare. ~s inf'o:nnation JZUSt be avo.ilable to !.TC personnel. 
tor early plonning purposes. 

(b) ~ I tr~ining dates ref'.l.ected in the time 
phasiiJg cbo.rt vil.l require the use of R&D and test equipment P..S 

training equipment. 

(c) Production schedules f'or R&D e.nd Expedition 
equipment vil.l include the training equipment required to support 
'l)tpe II and Type In training. t.lloc'!tion J!Dd del.iver;y priorities 
vil.l be in accordance vith AtR 67-8. 

(2) An identif'ic."ltion of' personnel. necessP..r;y to support 
this system has been IDT'..de in order to l.lSSist in def'ining the 
training parameters. Changes to these estimlltes vil.l be made as 
more conclusive illf'ormation becanes e.vail.abl.e. See Charts IX 
A aDd B. 

(3) Max:lJmzm Cross-Training vil.l be provided ll.S required 
to all personnel. associated vith this prcgrom. 

(4) ihe requirement f'or f'oll.aw-on training l!lld the 
wl.ue of past experience is recogDized o.nd ma:dmzm retention of 
personnel. is mo.nda.tory. 

( 5) lfew and peculiar trnining problema are envisioned 
f'or the technical personnel.. 

( 6) · 'lhe training of the o.erospace crew personnel vil.l 
require the development of' a program vhich is uni.que to the Air 
Force. 



e. Qualitative and Quantitative Personnel Requirements 
Information 

(l) A QQmi prepared in accordance vitb Mil Spec 
26239A v1ll be required to develop the training courses, course 
material and substantiation ror the Personnel Classification 
changes . 

. (2) A'l'C and other applicable ca~~~~anda Vi1l :fUrnish 
personnel ror the QQFRI integration team and prortde technical. 
guidance to the contractor durillg preparation. 

a. 'tl-aining Responsibilities aDd Concepts: 

(1) Engineeri!Jg Design Effort 

(a) A'lC vUl participate in the engineering 
design efiort to inSure that tecbnit'.al aata is collated vith 
the personnel sub-system ror rollow-on tra1.Dil3g program require
ments. 

(b) A'l'C v1l.l be responsible ror train1 ng. required 
in support or :the R&D effort uDder AJiR 50-9· 

(c) Selection or the initial aerospace crew 
personnel and ATC aerospace crew training instructors ror the 
Iwlar ~rt Vehicle vill camnence 8 months prior to the 
start or Category I Testing. 

(d) All lAmar Transport Vehicle crevs and 
milltary space launching support personnel v1ll be phased into 
special treinillg (Type I), 6 months prior to Category I Testillg. 

(e) Enviromnents.1 space train.:1ng ror the selected 
crews and instructor personnel v1ll start 9 months prior to the · 
start or Categor;y n testillg and V1ll be coDducted by the Aerospace 
Medical. Center; -Brooks Ani, Texas. 

(r) NI.'C I1mor Transport Vehicle crews will be 
phased out or training 30 days prior to the requirement for 
~ n: or III aerospace crew traiD1ng to provide rollow-on 
training capabil.ity in this area. 

(2) F.l.ight Testil!g & Expedition Program: 

(a) .A.'ro vill be responsible ror all ir.dividual. 
training, i.e., technico.l., aerospace crew, AG"i. 8lld n.dditionnl job 
tasks as required. 
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(b) All requirements ror ~e I Spec1al ~in1Jlg, 
Am 50-9, in support or this e:rrort vill be contracted for by A1'C. 

(c) A!ro rill maintain l.iaison vi th the contractor 
concerD.i!lg engineeri!Jg cballges in the program during its develop
ment to keep training i.nrormation in CODSOll&DCe vith the prosram 
sub-program configurations and other concepts haviag a direct 
implication to trai.niJJg. 

(d) F.ligbt Testing & EXpedition Crev proficienc.y 
vill be the respoDSibUity or the Iunex Program Director UDJ.ess 
ATC is requested to 1\lrnish this training. 

9 • 5 'mADf:mG PERSOHMEL 

a. Field Training Detacbment (Pl'D) 

1he number of personnel. required to provide training 
for lunar vehicle personnel v1.ll be determined during the 
training progremn1ns con1"erence. QQPRI1 TPR's1 Personnel. Plan, 
Opertt.tional Pl.an and Maintenance Pl.an vill be available at this 
tilDe. 

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

Contractor technical service personnel. ma;y be init~ 
required to augment Field Training Detachment (Pl'D) persoiiJlel.. 
C'l'SP requirements in support of this program vill. be pbased out 
o.s bl.ue suit capabUity is achieved. 

c. Treined Personnel. Requirelllents (TPR) 

1'PR v1.ll be developed by comnends concerned upon 
epprovul or QQPRI, and vill be tabulated as gross require .. 
menta ~l' carnand1 by AFSC nnd by fiscal. quarter. ~ese require
ments vlll be pbased on anticipated need dates for personnel. to 
be in pl.ace at the testing si tea 1 l.aunch si tea 1 and maintenance 
areas 1 and vUl be t'Urnished Hq A'l'C in su.fi'icient time to al.l.ov 
proper pl.anning ror required tra1ning. 

9.6 mADfDG EWIPHEN'l' PACKAGE 

o.. Genera1: 

Training equipment requirements vill. be developed to 
suppcn-t: 

(1) Check-out and ground maintenance to be perrormed 
by the direct support personnel. f'or the Wnal" Transport Vehicl.e. 
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(2) Fl.ight test operations and maintenance to be 
per:rormed by the responsible crevs. In consideration o:r this 1 

present and near fUture systems experience gained in. the aero
apace area v1ll be applied to the .11mex program to assist in the 
identif'ication o:r training equipnent. ihe traini.Dg :for this 
program must be conducted in the most realistic enviro:maent 
practicable. 

(3) Pbst mission maintenance and test equipment. 

b. F..quiJ;aellt Selection: 

Sel.ection or traini.Dg equipment v11l be based on the 
following general rules: 

(1) Max1nnun utilization v1ll be made of trai.niDg 
equipment programmed :for other missile aDd space system. train
ing programs. 

(2) n.&ring the init:lal phases, equipuent programmed 
:ror test, development, and the expedition programs vW. be 
used to the maximum extent practicable when regular training 
periods can positive:cy be scheduled in the use of tbat equipnent. 
'lhe 1ack o:r availability o:r such equipnent v1ll. result in 
degradation of tra1Di.n«. 

(3) Equipment selection v1ll. be made in considera
tion o:r 1\lture and/or subsequent programs to provide maxtnnun 
training capabUity in similar systems with minip1m cost. 

(Ia.) Max1ann use aDd developnent o:r tra1n1ng fl.lms, 
training graphics, am1 syntl)etic training aids. and devices will. 
be made to reduce requirements for critical. operational. items 
during the initial. pbases of the pr~. 

(5) Training equipment will be ident1f'ied in sutti
cient time to enable procurement and delivery in advance of 
equipment for use in the ~1ght test and expedition program. 

c. Planning Factors: 

Planning factors :for determination ot Train1Dg Equip. 
ment Requirements: 

(1) In viev or the limited program inrormation 
present:cy' available 1 de:finitive plannf ng t'actors upon which 
over-all equipment requirements may be based cannot be provided. 
However, tor prel1m1Mry plenn1ng1 the followillg :factors may 
be applied to subsystems of the program to determine order of 
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m'lgllitude. Provided Control Centers used i'or other spnce vehicles 
vlll be e.pplicnble to the LuM.r Trll.n&port Vehicle, category *I, 
**II, :md ***III tnining equipment requirements qs speci:fied in 
US.t.F letter dated ~0 Jl!nu:ary 1961, subject: We~pon System 
Tr~ ining Equipment Support Policy vill be as f'ollovs: 

Mll .• lor Vehicle Section:; Per cent of Sub-System Cost 
Required for Traini.ng Items 

(a) Re-entry Vehicle 

~. Complete R/V - 1 ell 

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

J. Major cauponents of each 
sub-system f~r Bench Items - 1 ea 

(b) lA1nar U!unch Stage 

1. SUb-systems or In.unch 
Stl)8e - 1 e~. 

2. 50~ of l-i!t.jor CaDpOnents 
for Bench Items 

(c) I.un..ctr IP..nding Stage 

~hjor C~onents - ~ ea 

(d) C~go Pr•.ck§e 

CCIDplete Cf!r8o Package 

(e) Aeroc;:.'lce Ol"'und Equipment 

1. Complete set for be.ndl.ing 
and testing vehicle sections 
:uld included equipaent 

2. Complete set r.s bench items 
* Ce.t I Tra.iners f'or mcl.ntell!J.JlCe traini.JJg 

** Cat II Fa.rts/Componentsii::Dd Items 
*** Cr.t III Training Aids/accessories 

2m 
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(2) Training t'ilms nnd tri!.DSP'~.rcncies requirements 
vill be developed cs soon ~s possible. 

(3) Spp..re po.rts support will be required t'or r>ll 
Categor,y I and II trnining equipment. 

(4) A continuing requirement vill exist t'or the 
modification ot' training equipment. 'Ibese modit'ic·~.tions should 
be provided by review p.nd !)roces~ing o.r tr1o>ining e:uhment 
change :9roposals concurrent Yith o:-err.tion··l equirment ch<:nge 
prQPOsal.s. 

(5) FUnding ot' P-~00 money vill be omitted in 
consonance Vith A-'liR 375-4, P:"e.re. 12. 

9·1 FACILITIES 

a.. Genern..l: 

'Dle needs for tr~inill8 f~~cilities should be est· bl fshed 
n~prox~tel.y three yenrs ;~rior to the d ... tes '!t which Ty-e ri 
training equipment vill be required. F~~cilities mu~t incor
po~te sufficient t'lexibility to 'l.ccamnod""tte f'uture U-;'d~ ting of 
tr.aining equipment resulting from progr:m configur~tion ch~ngcs. 

b. .a.eros-rece Crew Tr.!.ining F,.cilities: 

(1) Initi~ tr: ining for ~ero~r cc crew personnel 
vill -require the use of existing s~ce t~ining fpcilities. 
Joint-use ~eements bet\l'een N.:".St~ and other USz".F t:'.gencies :: nd 
the JUr Training COIIIIIl:>.nd vill be required to insure ~ximum 
utiliz~tion ot these t'~ cilities. Aeros~~cc ~edic~l Center's 
t'c.cUities (Brooks AFB, Texo:o.s) vill be iatilized to the fUllest. 
Inter-service egreements with the I'Jn.vy t'or use of cnecific 
training device t'acilities should be considered ror crew 
tra1.ni.ng. 

(2) The est~blishment of a centralized s~ce tr~ining 
racil.ity voul.d have a direct be~ing on the over-n.ll specit'ic 
requirements t'or this type of' training. '!he results ot' the 
System Stuc)y Directive (SSD) Nr 7990-17610, titled: "Centr!.'~
ized Space Training ~cili ty," vill ha.ve direct bearing on the 
posture ot the tl"':'.ining rncilities of the future. For this 
reason, :facility requirements "!"or tollav-on trn.ining are not 
proJected. 

1•t• 11-.:•••M ceM•IM ;..r., .... IM .. f .. till't , .. 
II. U S.C .• S.ctle~ nl - n•. tt.. .,.,...,,.,,_ w 
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c. other Training Facilities: 

It is anticipated that Technical ~:lni.JJg Centers nov 
in existence can absorb the additional tedmical training load 
vitbou.t increasing the :facilities. However, mod.it'ication of 
existing :racili ties to provide training laboratories vith 
specialized power and eDVirODIIlental. systems v1ll be necessaey. 
'lhis requirement must be identUied in sufi'icient time to permit 
:fccil.i ty progi'8JIIIIling through I10I'DI&l proc:uremeDt cycl.es. 

9 . 8 ll100E'l' AND FINANCE 

a. TrainiJJg Eclui!lment Costs 

F\J.nding vill. be required :for tra1ni.Dg equipment identi
:fied in Section 9. 6, 'rraiDing Equipment Package. 

b. Training Facilities Costs 

" F\mding aJld costs of training :facilities vill be 
deter.mined once the decision is made whether to build a Central
ized Space Training FUcility or to conti.mJ.e vith decentralized 
procedures. F\mding can then be determined :for the requU:ed 
:facilities and modi:ficetions. 
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Major SegJDent Codre 
or System Requirement I.FSC 1'?.·1 35-1 Title System ~ssoci~tion 

Vehicle Support 2 (AFSC) ~373 tirborne Rcdio ond Operates and Repnirs redio 
(Continued) Electronic Counter- end rr:dio Elint equipment. 

meesure Operntor 
Tcchnicio.n 

1 (A're) 

2 (»"SC) 112250/ Instrument Repairm!:'.n/ Vehicle Instruments. 
70 Technici,..n 

?. (AFSC) '•2251/ Mechruticf\.1 /.ccessorics lbinten~nce or mechnnic~ 
11 and ~i~ent Re~ir- lliCcescories. 

fl!MJ/Technici~ 

1 (A1t:) 

2 (AFSC) 30151/ tircr~rt Electronic :-t:inblin electronic navigation 
71 N~vig~tion Equi~nt 

Rep'l.irmt;.n/l·hinte~ nee 
equi!.ment. 

Technidr.n 

1 (1'.1t:) 

1(J.FSC) 30150/ Aircr~rt R9dio Re~ir- SHF, UHF cl4t.-~ link equipment. 
70 rte.n/Mt; inteDI".nce Tech. 

1 (AFSC) 3015:.S/ tlrcrnft ~cctronic Repair Airborne ~ectronic 
13 Countcrmeesureo/ ~int equipment. 

~~~intcn~nce '!Cchnici~n 

1 (A•~) 1,625()/ We~pons Mechftnic/ C~pcule eJection system end 
70 ~inte~nce Supervisor lcxullng 
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•r Seg~~~ent 
• System 

cle Support 
tinued) 

Cadre 
Requirement AFSC 

1 (AFSC) 

1 (A're) 

2 (AFSC) 

1 (Are) 

2 (AFSC) 

1 (P.'re) 

2 (r.FSC) 

2 (t~.t'SC) 

1 (A're) 

2 (AFSC) 

1 (A're) 

2 (AFSC) 

53450/ 
70 

42J.52/ 
72 

"2353/ 
73 

:;uso/ 
70 

jl2;o ' 
70 

00370 

AF.-t 35-1 Title 

Liquid FUel Systems 
rol!:.inten":.nce !:i"'!ecidist/ 
'l'echnici-:on · 

f.ir1"r:m1e Rep~irma.ni 
'l'echnlc1!1.n 

/.lrcr!:!i't :-nd. l.U.ssile 
Pneudreulic Re~~ir
II!En/Tecbnicir-n 

t11ght Control/Auto 
Pilot !lyste~ Rt:;:-.lr
raarifTechnici .. .n 

Guicle.ncc Sy!ltems 
f·:C:ch-:.nic/Technic i<>.n 

Control Sy!:tcl':lS ;.•ecb .. nic:' 
Tcchnici• .n 

~bor~ System Vehicle 
Technic1 .. n 

~stem Association 

Liquid Air System 'lnd 1\lel 
systeu. 

1\irfreme including nose cone. 

Re~l";.irs Hydrl.!.ulic ruld Pneum'!tic 
Systems. 

Checks 011t nnd rep!U.rs auto 
pilot system. 

~tlint~ins end re~irs vehicles 
guid~ce sy~tems/infr~-red 
detections ~nd e~soci~ted 
equipment. 

!·'!'.int.,ir.:; # r.d re:;-rlrc vehicle!: 
control !l~te~s. 

T·hint~ .. ir.s "'nd re: · irs vehic:les 
~·bo:-t £ystem. 



f.fa.Jor Segment C'ldre 
of System Requirement AFSC A.Flol 35-1 Title System Associ~tion 

Vehicle Support 2 (AFSC) 43351/ l.fisslle Engine Propulsion system o:nd retro 
(Conti.mled) 71 Mech~nicjTechnici~ rockets. 

1 (A'l'C) 

2 (f..FSC) 42350/ Aircreft end lti.ssile Electrical System 
70 Electrical Repai~ 

TechnicillD 

1 (AFSC) 56650/ Refrigeration Specialist/ lole.intain retriger9.tion o.nd 
70 Supervisor ventilation equipment. 

1 (AFSC) 30152/ Aircraft F.P.rl.y W!U'I11Dg Radar Doppler Navigs!.tion 
72 Rader Ma1nten9.Dce Rep~ir- F.quipment. 

1 (A'l'C) 
men/Technicil!!l 

2 (AFSC) ~250/ ~.ir Tre.:ffic Control Operates acquisition end 
70 Operator/Teclmician precision approech rnd~. 

l. (AFSC) 30551/ Electronic Digit-...1 Data Insures proper operation and 
7J. Processi:Dg Repairman 

Qper9.tor/Teclmician 
repair Of approach Ccmpl1ter. 

1 (A're) 

Additional Specialist 622'(]. Diet SuperV'isor Supervises dietetics. 

90150/ Aeromedical Specialist/ Sub-professioDnl tasks for 
70 Technician physical exams and treatment. 

58250/ Fabric, Leather and 
70 Rubber Products Repair-

man/Repair Supervisor 

92250/ Personal Equipment 
70 Specielist/Supervisor 
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CHART IX- B 

WNEX/SPACE ~UNCHING SY5TEl.f 

1 . ihe estimates !'or the launch system ere not included in viev of the status or the Space 

!Bunching System (SLS) study. It can, however, be estime.ted th~tt the le.unch c~plex 

persoDnel utU1%ed iD both the liquid/ solid prope~t type boosters vUl be integrated into 

a teu for support or this system. 

2. At such time as the S.L.S. is designated e.s the priJIIar,y l.!.unch support syetem, a. PSPP 

vill be mede for the launch vehicle nnd cu:;:port PFSC's ns e. part or this progrr.m. 



CHART DC- B 

wttEX/SPACB LAUNCHING SlSm.f 

1. The eatilllatee tor the l.e.wlch systes ue not included 1n viev ot the status or the Space 

launChing S;ystell (SIB) ·~· It can, hovever, be estimnted tb11t the launch ccmplex 

peracmael utUized 1n both the liquid/solid propellant type boosters Y1lJ. be integrated into 

a teaa 'for support ot tbb system. 

2. At sucb time as the S.L.S. is deafgDatecl as the pri.JDa.ry l.&uncb support syatem, c PSPP 

Y1lJ. be 111ade "tor the launcb vehicle nJld cu;port J'.FSC' s ItS a part ot this prcgrt-..m. 
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10. INTELLIGENCE ESTIMATES 

10.0' ItmlODUCTION 

'lhe purpose of' this section of' the program plan is to 
estimate the f'oreign threat in terms of' technical capabilities 
and probable progr&IIIS \lhich may aff'ect the establishment of' a 
lunar expedition. The threat Will. be dei'ined in terms of major 
peri'ormro~Dce capability and dates of' operational availability. 

10 .1. FCJU:WCRD 

The follov.lng data "WaS obtained 1'rom DeS/Intelligence, 
Hq ARDC and publ.ished Intell.igence estimates. 

1he Soviets have f'l.own geophysical. and camponent ~ equipaent 
pqloads on their vertical rcc!:ets i'or the develop~~ent, modi:ti
cation, and acceptance testing of instnmentation ror use on 
their satellite and lunar aircraft. 'lhey developed and used 
complex scientii'ic instrumentation on Sputnik III, and stabili
zation, orientation and control equipment on Lunik III and Sputnik 
IV. Presently, by using their vertical rockets, the Soviets are 
testing in:f'rsred equip~~ent, in addition to collecting data on the 
background noise level of the earth's surf'ace. It is believed 
that a developnent program exists 1olbich eventually could lead to 
c!etection and reconnaissance satellites. 'lhe developnent program 
~ch led to the photographic system used in lunik III is expected 
to continue, Vith an eventual application in photographic reconnais
sance and wather satellites. 

The Soviet space launch capability is shown in the follov.l.ng 
table of' Sputr.ik and Im11k booster thrust levels: 

Sputnik I 300,000 pounds 

Sputnik II 300,000 pounds 

Sputnik III 4.32,000 pounds 

Lunik I, II, and III 456,000 pounds 

Lunik IV, V, and VI 466,6oo pounds 

There is also evidence of a cluster oi' f'ive liJo,OOO pound 
units. 'lbe Soviets are developing e~glnes of' 1 to 2t mill.ion 
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pound thrust. The cstinlat.:cl tiulc for n boostc1· t., :-:1•.tcn this 
engine is as t"ollows : 

Single engine booster - 1963 

Clustered engine booster - 1965 

In general, it takes approximately halt' the time ror developnent 
required :in the u.s. 

ibe maxfmnm Soviet orbit capability, vith present ICBI-1 
boosters using i"ive (1401 000 pound thrust) engines and !"our 
(6,6oo pound tbrust) engines is 10,000 pounds in lov altitude 
orbit. All Wn:l.k and Sputnik vehicles utilized a third stage 
ha'V'i.Dg 121 500 pound thrust engine burning t"or approximJJ.tely 
420 seconds. 

By u:sing higher energy chemical propellants in mntli:ri'.!ci 
upper stages, t.be payload can be increased up to 15,000 or ~o,oco 
pouncls during 1961. Hawver, approximately 50,000 pouncs or 
~load mq be attained by 1.962 if ICBf4 launch vehi'=le thrust is 
increased. 

In the .1965-1970 period, a nev clustt!I"ed che:lic~l b,:~.)c~r 
should allov t.be Soviets to :place 50 to 100 t'Jnr, :tn l,)rbi t . .m 
:individual l.aunches. · '!his v.ill !Jermit lt.l.lldinp; r.., :=:~.:.n t.m the noon. 

l.O. 3 SUMMARY AliD CONCilJSIONS 

Very early the Soviets realized the ~ro~'agen::n. valuP- obttdn
able f:rom space adventures and, accordingly, br.v-:: :;t.riven con
tinuously '£or 10i"irsts". '!his has apparently in:f'luenced the 
detailed pattern i"or their spJJ.c'.! planning. Even thoue.h the 
Soviets ,have ac:hieved ''first::'' in: 

1) Establishment of an artificioJ. eorth ::ntellite 

2) Rocketing 3l'1St the moon end placins a v~hicle into 
a solar orbit 

3) Hard impact on the moon 

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

5) Sai'ely returning marnrqal s and men :from orbit 

it seems obvious that the Soviet attempts to score "firats" v.Ul. 
continue. 
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Although lnrge orbiting opncecraft a'P;>ear to be the prime 
Soviet technical objective during the period of this estimate, it 
is believed they will continue to use and ~prove their current 
lunar probe capability since there are many ui'in:ts" yet t::> be 
accomplished in the exploration of' the moon. These include lunar 
satellites 1 lunar soft landings 1 lunar soft landings and return 
vi th actual samples of the luno.r suri'ace 1 and, i'inally, a tankette 
for a true lunar exploration. 

It is expected that the Soviets will continue to launch 
unmanned luno.r rocket probes for the purpose of reconnoitering 
the moon and near moon environment for the application of this 
knowledge to the developnent of manned lunor exploration systems. 

Since soft landings are essential for obtaining data on the 
lunar surface, it is believed that the Soviets cefinitely will have 
to develop techniques for achieving lunar soft lendings, especially 
soi't landings and return to earth, to establish the procedures to 
be emplqyed in accomplishing the main objective o~ establishing a 
manned lunar station. The first of these test vehicles c::>uld be 
very s~lar to their Arctic automatic wather stations that 
presently are Jettisoned i'rom aircraft. This vehicle vould be 
able to record temperature, micro-meteorite ~pact, various types 
or radiation, particle concentration, seismic disturbances, solid 
resistivity, and depth o~ probe penetration. As lending techniques 
are improved, larger payloads vi th increased · instrwnente.tion for 
ter.minal control and lunar re-start and launch c~rabilities will 
undoubtedly be developed. · 

Circumlunar fligllts by manned space vehicles, and eventually 
lunar landings, will be required in order to lmow more precisely 
the environ=ental situation prel~nary to the eventual establish
ment of a lunar base and the complete conquest of this body. This 
is considered to be a more distant obJective of the Soviet progra:u 
and its attainment will appear, ir at all during this decade, 
toward the end of the period. 

Although the landing of a "tankette" on the moon fall.s under 
the category of a so:rt landing, the size and 'Wight of such a vehi
cl.e makes it a sufficiently worthy subJect :for special consideration. 
The Soviets have published eY.tensively on such a vehicle, and 
Yu D. Khelbtsvich, Chairman or the Science Technical Comm.i ttee for 
hadio Remote Control o:r Cosmic Rockets, has published his prel~nar,y 
design o:r a tankette laboratory i'or lunar exploration. Graduate 
students o:r Moscow High Technical School nov are experimenting with 
models of a tankette in leyers of' powdered cement to simulate 
powdered soil conditions llhich might be expected on the moon. 
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J\ctual o.ccomplishav:nt of' the project v.l.ll have to avait the 
availability o.nd :flight testing of the nev booster Vith thrust in 
the millions of 'DOUDds category in the 1965 time period • . . 

The Soviets do not di:f:ferentiate betveen military and non
military space systems. 'lhey have talked o:f a peaceful intent or 
their space program but there are many pounds ot ~load in their 
satellites 'Jhich cannot be accounted tor on the basis of data given 
out. lt should be presumed that this could be military payloads. 
tilth this in mind, it can be stated that during the early 1970's 
it is possible that space 1o1eapon systems v.Ul be developed as a 
supplement to earth-based delivery systems. It is also possible 
that military :facilities ~ have been established on or in orbit 
around the moon. Atmospheric ~d climatic conditions ·vill demand 
an air conditioned environment :for moon-based delivery systems. 
For increased surrl.val security and decreased requirements :for 
"imported" construction material1 it seems reasonable to assume 
that these wuld be constructed under rather than above the moon • s 
suri"ace. 

10-8 WDIAR-S-458 
• 

lh•\ doc""'"'' cont•.nt '"fo•m•t•Of1 ~ftHt.n4 •"'- ,. .. ,..,.... dt"IC'ft\~ of tht" U"~'""' ~t•tn ••th'" thf' mf'•"•"9 ot tht> f'"'0"41JP l•w\ t.tlfl' 

t1. U ~ C , S...CtiOft 7'9l Mid 19~ • .. ''"""""'UtOft 0# . ....... : ...- of • h..t.h •"' •Ap ~41ftftt>~ to Mt '-'"•vtho••led pr•ton , , p•ohtb t trd b, f•-



/ 

\ 

... 
)( 

i5 
~ 
t 
< 



------~-------------------------

GLOSSARY OF 'l'EIUoS .. 

The Ilma:r Expedition Program, like &DY maJor prograa or 
technical discipline, has developed special tenaino1ogy to better 
describe tbe problem areas, teclmiques, equip~~ents, enviroomental 
conditions, and obJectins associated v.lth tbe program. 

'lhie glossary presents tbe c1et1D:1 tiona ~or the special terms 
used in the LUHBX: program, as wll as the standard terma and 

· established program titles used in this document. 

Figure A-1, LuDa:r Transport Vehicle, is used to illustrate 
the de:f'ini tiona llhere re:f'erenced. 

Boosters 

Boosters represent the capability o~ ll:tting a fth16le .em : 
a desired traJector;y. The Space Lau.ach1ng S;ystell uses. the 
following "boosters": 

ttA" - Desiption ot a booster vith a single J-2 engi.De 
using IJJX/~ and having a tbrust at 200,000 pounds 
vacuum • 

.. B" - Desigaation o:r a IJJX/11!2 booster having an 1D:1ti&l 
wigb.t o~ 480,000 poundS and a vacuUII thrust at 
aoo,ooo pounds. 

ncu - Desigoatiou ~ a UJX/~ booster having an in:l.tial 
wipt o~ approximate~ l,Boo,ooo pounaa and a thrust 
at 3,000,000 pounaa V&CUUII· 

Solids - Solids are desigaated ey JlUIDbers as :f'ollowa: 
"410" vbere it represents a solid booster ~!Ping 
410,000 pounds. _ 

For larger ~load requirements the Space Launching 
S;yatem aeaigoates booster qatems 1n the :f'ollovJ.ng 
IDBIU1er: 

"AB4l.O" - Where the :f'irat tiring stage is a 
410,000 pound scUd booster, the 
secolld. 1'1ring stap is a B booster 
aDCl tbe third ~1r1Dg stage is an 
A booster. 
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Ca.rso PackaE 

ibe lAmar Cargo Packkgt: (r.~t:'! Figure A-1~ itc::l 4!) is thnt p;:at 
of the Cargo ~lund which l"~}il'esents u. r.ackl\g!l c.·n-::isting .;:,1' 
supplies, equipr.nt ~ ~tc. 1 n-:cderl on tho lunar ~urface. 
Prel 1m1nar,y design data indicates that s.n IUDOunt in ~x·~ss 
o~ 401 000 pounds must v.nti can be d~liv~rP.d. b th~ lunar 
surface. 

Cargo PN'~oad 

'Jhe C8rgo ~~Oad iB th"~ t 't-="..l't of tt,~; ~IU' Tr~'.n"'port V ~hicle 
\lhich is placed on a r-:r11 o:ct.P.d lunar t.. L,1ectory and is bo='aterl 
to earth escape ve~oci ty. 1 t consists o~ tw !IWJ'Jr p11.Tt~. 
'lheae are: 

This division is sche~~ticall7 represented in Fi~ A-~ by 
the parts labelled b smd a. 'l'he cergo pqlOild. does not in
clude a Lunar J.aunch Stage since tbe cargo paekP..ge ~=uns 
on the lunar surface. The ·,.l!ight or the Cargo Paclr.::w.t is 
equivalent to the r.c:::lbin.,d ~~ight !)f the [AUl~Y. Jie-en~"'Y 
Vehicle (3 men) and the LuD~r Launch Stage. The Cc.rgo 
~load wighs 114,coo p:)unds at eo.rth escape. 

Circumlunar 

A highly elliptical trajectory that goes around the moon 6Dd 
returns to the earth. 

Circumlunar Propulsion Stage 

A stage attached to the Lwlex Re-entry Vehicle to provide a 
suitable propulsion and control capability for J:lll.lnt.aining 
the Re-entr;y Vehicle on a c.&.l·cuml.unar trajectory. 

Dela,yed Procurement Con~pt 

Concept or deferring the final ordering end production of 
high-cost insun:nce type spares until colman fiight 
experience is available. 

High-Speed Re-entrx Test 

A test program using a spccil\1 Fc-entry Test Vehicle c:1esiSJ1ed 
to obtain .fundamental re-entry cla.ta and specific c~iguration 
data at re-entry vell)c:ities o! 25 to :•5 thi)USQQ.d teet per second. 
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Lunar Expedition Facility 

A facility desipd to be constructed under the lunar surface o.nd 
to support the Lunar Expedition. 'Ibis facility vill be designed 
so that it clll\ be readily expanded to support future military 
requirements 

Y.unar tand.1.ng Stage 

'lbe I.unar Landing Stage is that part of the Manned Luncr P?~load 
that vUl land the Manned Lunar Pa.yload a.t a selected site on the 
surface of the moon. The expended portion or thiG stage is let"t 
on the lunar surface ~en the Lunex Re-entry Vehicle is launched 
tor the return trip to earth (See Figure A-11 item b.). 

lunar tanding Stage - Cargo 

The Lunar Landing Stage of the Cargo Payloe.d. (See Figure A-1, 
item b' ) is identical to the landing stage or the manned Lunar 
~load. It provide the capability at soft landing the Cargo 
Package at a preselected site. The Cargo ?ayloed is Wlii8ZU1ed and 
the landing operation is automatic. 'lbe T..unar Landing Stege re
mains on the lunar surface vi th the Cargo ra,yloed. 

Lunar Launch Caaolex 

'lhe Lunar Launch Cauplex consists of the base facilities, inte
gration buildings 1 check-out buildings, launc:h :r.e.ds 1 pro Fell ant 
manufacturing plants, the complex control cent~r and all of the 
equipzaent :required to earth launch and support the Lunar E~d1 tion. 

l11nar Launching Stage 

-rile Lunar Launch Stage (See Figure A-1, item c) is that part o!' 
the Msnned lunar ~los.d that Will boost the Lunex Re-entry 
Vehicle to lunar escape velocit.Y on a mpon-to-es.rth traJectory. 
It Vill be eJected prior to earth re-entry. 

Lunar Team 

The lAmar 'l'eDDl consists of Air Force technical personnel from 
various Air Force S,ystem C~d or~zations nnd the various 
Air Force Cazaand organizations. 'Ihis team vas fort.~~.ed to assist 
the SSD in establishing a sound Lunar F.xredi tion program. 'Ih"! 
membership during the past tw years has varied fran 30 to 50 
personnel ; 

lAmar Transport Vehicle 

The Lunar Transport Vehicle is required t~ trnns~ort men and 
materials for the Lunar Ex:oedition. 'lhe Tu.nar Tr~s;ort Vehi~le 
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c~o:msiGt.s ~r "' Hp1!.c:r. t.;,,mchJng Vehicle P.nd one of tw payloads. 
Onr. y'Y turd iG th~ :.~ed l..unar Payload and the other is the 
Cargo ~-:-aylo::t:i (~·ee Figure A-1) 

~. 

LUN~)' Jc a sh~rt title for the ~ar ~dition Program 

ThP. l.lmex &-'rogram Dirt-ct..>r is the indiVidual responsible i"or 
directing and controlling all fa~ets of the Lunar Expedition 
Progrem. 

Luncx Re-entry Vehicle 

The ~ex Re-entry '/ehicle (See Figure A-1 1 item d) is the only 
pert of th!! Mannr.d Lunar Fe.ylnsd that returns to the earth. It 
carries three men and all the neccsGRT,Y life sup~1 su!dance1 
and communication cquipaent that is r,.~uired. It re-enters the 
earth's atmosphere and uses aerodynemlc braking to slow down 
ond land like a conventional airpbne. The preliminar,y design 
or the I~ex Re-entr,y Vehicle calls for a vehicle 52 tt . long 
vJ.th a return -weight of 20,000 poundo. 

Man-rated 

A vehicle, or system iG considered to be "man-rated" when 
sufficient ground and flif)lt tent data has been accumulated 
to determine that the relicbility obJectives ror the item 
have been achieved and that the nbort system satisfactorily 
compensaus for the inber~nt unreliability of the system. 

Manned IJ.mar Payload 

'lbe MenDed Lunar ~load in that part of' the Lunar Transport 
v~hicle which is placed on a selected lunar traJector,r and is 
boosted to an earth escape velocity of' approximately 37,000 feet 
per oecond. It consists of three maJor parte. 'lbese are: 

Lunar landing Stage 

lAmer Launch Stage 

Lunex Re-entry Vehicle ( 3 men) 

This division is schematically represented in Figure A-1 by the 
parts labelled b, c1 end d . 'lbe caz&plete Manned Lunar ~load 
wigbG 134,000 pounds at earth escape. 
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Responsive f.r~ducti~n Concept 

A concept ldlereby long leaul portions ot higb-cost operatioD&l. 
spares are purchased unaasembled to reduce costa untu tiDal. 
decision is made on spares procurement. 

Space Launching SXstem 

The ccmplete s;yatem, including ground tacili ties, propellant 
manufacturing tacUities1 etc., as required to launch the 
boosters required tor space operations. 

STAMDARD TERMIJ!Ot.OGY 

!g( 

A t.em used to describe the Aerospace Ground ED.viroDIDent 
required tor a specitied s;ystem. 

Abo~ System 

The Abort System includes all the equipaent required to remove, 
or return the crev members of the Imlex Re-entry Vehicle to a 
position of sa.tet;y 1D the event of a JUl..tunction ot the Lamar 
Transport Vehicle. , 

P.E.P. are the initials tor "Program Evaluation Procedure". 
It is a management tool Wic:h uses an elecb'oDic digl.tal. ccaputer. 
It bas the capaci t;y to hBDdle large masses ot data quickly. 
'lbe PEP s;ystem provides infonaation that will enable the Lunex 
Program Director ·to quickly identif'y 1 locate 1 and consequently 1 
correct program trouble spots . 

A tem used to describe Qualitative and QUBDtitative Personnel 
Req_uirementa Information that is required to properly. plan tor 
personnel training. 

A term meaning Real ?.roperty lnstalled Equipaent that is . 
synonymous vith Teclmical F!lcitities. Teclmical Facilities are 
those structural. and related items Wich are built and/or in
stalled by the Corps ot Engl.neers and then turned over to the 
Air Force or an Air Force contractor. 
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t,. chP.rt pre~d to a ccalc or l;l,OOO,OOJ and coverinR thr. 
1 un'lr sur1'nce. r'rcsent :nlF.:n:s c~ll 'for thP. r.re!:t.:rtttion of 14J; 
indivirlual charts to cover the COI!lplete lun&r surrnce. 

B~ is tM de~ignation 'for ''Biamcaica.l O'.rb.ttlng :.atel11te 
System··. The B\l:;::, prog!'l'.m u::c~; ~Timtl'b:o:. t, ~rovide life 
scir.nCP. clnta fur der.igning !:ll.tnned sp?.cc sysU!:ns . 

1he !:hTNT pro~ Vill aevelo~ ~~d aemonctrnt~ orbital rendezvous 
and Cll"telll tc .incl'le.:tf c.m technl.~;uco. t t Vi ll further demonstrate 
the ca?'lbility or r.lo~·Lng, ,Jolcking, ont3 rcru~ling • 
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