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This document provides a plan for a maimed Lunar Expedition. 
It was prepared to furnish more detailed Information In support 
of the Rational Space Program proposed by a USAF committee 
chaired by Major General J. B. Kolzapple. That report pointed 
out the dire peed for a goal for our national space program. 
The £unar Expedition ¥as cnosen as the goal since it not only" 
provides a sufficient challenge to the nation, but also provides 
technical fall-outs for greatly improved space capabilities-

Previous editions of this plan have provided guidance and 
incentive to Air Force technical groups. Consequently, their 
efforts have established a broad technical base within the 
Air Force from which rapif - ivances can be made- This capa­
bility has'been taken Into account in laying out the accelerated 
schedules in this plan. 
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1.0 SUMMARY 

1.1 PURPOSE 

The Lunar Expedition has as its objective manned exploration 
of the moon with the first manned landing and return in late 196?. 
This one achievement if accomplished "before the USSR, will serve 
to demonstrate conclusively that thiB nation possesses the 
capability to win future competition in technology. Ho space 
achievement short of this goal will have equal technological 
significance, historical Impact, or excite the entire world. 

1.2 BACKGROUND 

Extensive studies by Air Force-Industry teams during 1958* 
1959» and i960 examined all facets of the problem and techniques 
of sending men to the moon and resulted in a feasible concept 
which is attainable at an early date and ie economical and reliable. 
Laboratories within the Air Force participated In this effort, thus 
establishing a broad technological base which can-react (illicitly to 
an expanded high priority program. 

1-3 DESCRIPTION 

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

In addition to the manned vehicle a.cargo payload is Included 
in this plan. The cargo payload would utilize the same three-stage 
earth launch booster and the same lunar landing techniques. Hov-

f~&* ever it would not be returned to earth and would be used only to 
transport supplies and cargo to the expedition on the moon. 

The primary concept recommended in this plan is the "direct 
shot" method since studies have indicated it could be available 

WDLAR-S-458 

Tfcit i n i W cwitaim inlmstlon affecting * • nqtiiMat aafaau af Ma I M M SWtai wMiht * • • -aanina at Ik* Etplenai* loot , 1Mfe> 
I I . U.S.C.. UdU*i 7 M awl 7 M . to tiemntiilen „ n M l r i i M * l * • ! < • In w B » B » M aa • m t t v i i a d aanaa i i arafciMM ht km. 



£:* 

43 

CTSf 

--at an earlier date and it vould be more reliable. Another, .concept. 
is also suggested which consists of the rendezvous and assembly of 
components in an earth orbit before injection into a lunar trajectory. 
The techniques and development required for this latter concept are 
documented under a separate SSP titled, S1AIHT. Therefore, no 
details of this concept are presented in this plan. All schedules 
relating the two plans have been coordinated to insure compatibility 
and to take advantage of mutual advances. Since neither rendezvous 
techniques nor large boosters have been demonstrated, both approaches 
must be pursued until it becomes obvious that one of than has clear 
advantages over the other. 

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

a. A three-man Lunex Re-entry Vehicle. This vehicle 
must be capable of re-entry into the earth's atmosphere at velocities 
of 37,000 ft/sec. It must also be capable of making a conventional 
aircraft landing. Control and improved guidance for entering the 
earth's atmosphere at the proper place and angle is needed as veil 
as improved materials to withstand tbe high surface temperatures. 
Adequate life support equipment is also required. The development 
of this vehicle is the key to the accomplishment of the LUHEX 
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 
13^000 pounds from a velocity of almost 9,000 ft/sec to 20 ft/sec 
at touchdown. A doppler altimeter is required to provide information 
for ignition and control of the engine. Horizon scanners must be 
used to orient the payload to the local vertical. 

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

d. A three-stage earth launch booster, referenced as a 
Space launching system. The first stage will use either LOX/LHO 
with six million pounds of thrust or a solid fuel with an equivalent 
launch capability. The second and third stages will use LOX/LHg. 
The development of this space launching system is considered the 

£« pacing development item for the LUHEX program. Because Of the 
magnitude of the booster program and the applicability 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 LUMEX program. HASA's SURVEYOR (soft lunar landing) program 
could also incorporate radio-light beacons which vould 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. 

l.h 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, while too shallow an entry angle may 
permit the Lunex Be-entry Vehicle to skip out of the atmosphere 
into a highly eccentric earth orbit. If this happens, the vehicle 
tn̂ y spend several days in the trapped radiation belts and may exceed 
the time limits of the ecological system. 

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

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

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

# ' • 

1.5 MILESTONES 

Major milestones in the program are: 
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a. Becovery of 'ft manned re-entry vehicle from 50,000 mllee 
in 1965. 

b. Manned circumlunar flight in 1966. 

c. Manned lunar lunging and return in 1967. 

These and other significant events are shown on Chart I-A. 

1.6 CAPABILITIES DEVELOPED 
• 

The development of large boosters, rendezvous techniques and 
maneuverable Space vehicles, all required for the Lunar Expedition, 
will also provide a capability for many new and advanced space 
achievements. For example, the Space Launching System which will 
boost 13^,000 pounds to escape velocity will boost approximately 
350,000 pounds into a 300 nm orbit, or will launch a manned vehicle 
on a pass around either Mars or Venus. 

1.7 MANAGEMENT ACTIONS REQUIRED 

The major Management Milestones for FX62 and FY63 are shorn 
on Chart I-B. Immediate attention by Management to obtain Program 
Approval and Funding by July 1961 is necessary if the United 
States is to put a "man on the moon" by August 1967. 

Throughout the LUHEX program time allocated for management 
and Air Force technical evaluations has been kept to a minimum. 
This is essential to meet the schedules, and delays In providing 
funding as indicated, or in receiving notification of required 
decision, will have the direct effect of delaying the program end . 
objective. 
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CHART I - A 

LUNAR EXPEDITION PROGRAM MILESTONE SCHEDULE 

CALENDAR YEARS 
I9( 51 1962 1963 1964 1965 1966 1967 I96S 

PRELIMINARY DESIGN COMPLETE ( LUNEX PAYLOAD) "^ 

PROGRAM APPROVAL AND FUNDING j 

ENGINEERING DESIGN AND MOCK-UP _3E ' 
J — 

INITIATE HARDWARE PROCUREMENT 3 > 
RE-ENTRY VEHICLE 1 9 0 % ENS REL ) 0 
LUNAR LANDING STAGE ( 9 0 % ENG REL) . j 

FIRST MANNED ORBITAL FLIGHT 9 CARGO PAYLOAD ( 9 0 % ENG REL) ]} LUNAR LAUNCH STAGE t 9 0 % ENG REL) 
FIRST LUNAR LANDING (CARGO TEST FLIGHT) _ 
MANNED CIRCUMLUNAR FLIGHT 3 C A  

SPACE LAUNCHING SYSTEM FLIGHT QUALIFIED : : !B£ M A L D LUNAR LANDING A»2 RETURN 3E; PtSwANENTLY MANNED LUNAR EXPEDITION q t n - _ -
1 | T 1 U - " -

LUNAR EXPEDITION FUNDING REQUIREMENTS (MILLIONS) 27 112 350 710 1920 |40S 1760 
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I B J LUNAR EXPEDITION CV 60 C*61 

MANAGEMENT MILESTONES FY62 - FY63 j F n i l J D O R 1 J f M 1 1 J J A 1 
1 

r START PRELIMINARY DESIGN (LRV) ) 
* 
i COMPLETE PRELIMINARY DESIGN (LRV : : JIIJ 
* 
1 PROGRAM APPROVAL AND FUNDING - — _ _ U _ 

1 
1 ENGINEERING DESIGN COMPETITION 
f AND MOCK-UP 
"• 
11 Contractor No. 1 (Lunex Payloads) 
If 
0 Contractor No. 2 (Lunex Payloads) 
H 
I! DEVELOPMENT - PRODUCTION FUNDING 
II 
17 DESIGN CONCEPT DECISION 
11 
If APPROVAL FOR HARDWARE GO-AHEAD 
* . , 
11 CONTRACT AWARD 
» 
23 LUNAR TRANSPORT VEHICLE PROGRAM 
M 
IS LUNAR EXPEDITION 
H PROGRAM 
V L, 

n REQUIRED FUNDING (MILLIONS) 
» 
H FY-62 : : : : i " 2 E = = 31 " ~ j t - p - . 

H FY-63 
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M FY-64 
« 
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« - L _ 
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2. PROGRAM DESCRIPTION 

2.0 BACKGROUND 

Shortly after the first Sputnik was launched in October 1957, 
-Headquarters, AHDC Initiated a series of studies to examine the 
military potential of space operations. These studies were 
accomplished by Industry-Air Force teams each working independently. 
Two of these studies which were the forerunners of this Lunex plan 
were "Lunar Observatory*1 and "Strategic Lunar System." The objective 
of the first study was to examine an economical, sound and .logical 
approach for establishing a manned intelligence observatory on the 
moon, and the second study examined the military potential of lunar 
operations. These studies showed that It is technically and 
economically feasible to build a manned lunar facility. 

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

2.1 LUNEX PROGRAM OBJECTIVE 

The objective of the Lunar Expedition program is the manned 
exploration of the moon with the first manned lunar iBpfllng to 
occur as soon as possible. The execution of thiB plan will land 
three men on the moon and return them during the 3rd quarter of 
calendar year 1967, and will establish the Lunar Expedition . '• 
In 1968. Completion of this plan will require the development of 
equipment! materials, and techniques to transport men to and from 
the lunar surface and to provide a lunar facility which will allow, 
men to live and work in the extremely harsh lunar environment. 

2.2 LUNEX PROGRAM - DESCRIPTION 

The Lunar Expedi t ion Program i s p r i m a r i l y concerned wi th t h e 
development of t he equipment necessary t o t r a n s p o r t men and suppl ies 
t o t he luna r s u r f a c e . 

The key development In t h i s program i s t he Lunar Transport 
Vehicle which i s composed of t he Space Launching System and e i t h e r 
the Manned Lunar Payload or the Cargo Payload. 
The Manned Lunar Payload c o n s i s t s of a three-man Lunex Re-Entry 
Vehicle, a Lunar Launch Stage , and a Lunar Landing Stage . The 
same Lunar Landing Stage, p lus a cargo package, composes t he Cargo 
Payload. The r e l a t i v e e f f o r t r e q u i r e d f o r t he development of these 
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two payloads in comparison with other portions of the complete Lunar 
Expedition Program is shown in Figure 2-1. A breakdown of the Lunar 
Transport Vehicle Is shown In Figure 2-2. 

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

In operation, the Manned Lunar Payload, weighing 13^,000 pounds, 
will be boosted to escape velocity of approximately 37, OCX) ft/sec 
on a trajectory which intercepts the moon. Velocity will be sufficient 
to reach the moon in approximately 2^ days. As the Manned Lunar Pay-
load approaches the moon it is oriented with the local vertical by 
the use of horizon scanners. The Lunar Landing Stage decelerates the 
Manned Lunar Payload for a soft landing at a preselected site using 
an altitude sensing device to determine time of ignition. Landing 
at the preselected site will be accomplished using terminal guidance 
equipment and a prepositioned beacon to effect an off-set landing. 

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

The Lunex Be-entry Vehicle will re-enter the earth's atmosphere 
within the allowable corridor so that It will not skip back into 
space again nor burn from excess heat. It will use aerodynamic 
braking to decelerate and will have sufficient lift capability to 
effect a normal uhpowered aircraft landing at a base such as 
Edwards Air Force Base. 

Several successful unmanned, completely automatic flights of 
the type Just described must be completed in order to establish 
confidence in the system reliability before manned missions will be 
attempted. 

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

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

2.3 DESIQN PHILOSOPHY 

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

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

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

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

Development and tests are scheduled on a high priority basis. 
Thus, the schedules shown in this plan are dictated by technological * 
limitations and not by funds. 

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

2.1* ABORT PHILOSOPHY 

The insertion of a man into a space system creates a safety and 
reliability problem appreciably greater than the problem faced toy 
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any unmanned BystemT It Is veil recognized that maximum reliability 
Is desirable, but also known that reliabilities In excess of 6$ to 
9056 are extremely difficult to achieve with systems as complex as 
the Lunar Transportation System- Therefore, the need for an abort 
system to protect the man during'the "unreliable" portions of the 
lunar mission is accepted. 

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

a. Earth ascent. 

b . Earth-moon t r a n s i t . 

c . Lunar terminal. 

d. Lunar ascent. 

e. Moon-earth transit. 

f. Re-entry. 

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

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

a. Earth Ascent Phase 

(1) On Pad. 

Full abort system will be provided. 

(2) Lift-ofX Ho Flight Velocity for the He-entry 
Vehicle. . 

Escape Velocity. 

Full abort system will be provided. 

(3) Flight Velocity for the- He-entry Vehicle to 

The basic Manned Lunar Payload will provide 
the abort capability. 

b. Earth-Moon Transit 

(1) Injection 

Abort capability to compensate 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 selection of the optimum abort 
trajectory. , 
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Abort capability during Earth-Moon transit is 
desired for the He-Entry Vehicle by means of a direct earth return, 
earth orbit, or circumlunar flight and earth return. Circumlunar 
flight generally requires the least^v.v, but the actual selection 
of the optimum trajectory should be accomplished vben required by 
a computing capability, and executed by the Lunar Fayload. 

c. Lunar Terminal 

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

d. Lunar Ascent 

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

The early missions will be faced with the highest 
risk, but as a facility on the lunar surface is developed, a 
rescue capability and the addition of an abort capability can be 
developed. Ho specific abort system will be provided for this 
phase, but consideration should be given to tbe possibility of 
future lunar modifications to provide for abort. 

e. ttwn-Earth Transit 

This would generally be associated with a gross 
trajectory error, or loss of control on re-entry. The only 
solution is to utilize the on-board capability that remains to 
achieve an earth orbit. After achieving orbit an earth launched 
rescue mission would be 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 lljnits, or IOBS of control 
could cause an emergency where abort would be desirable. Should 
sufficient Zi.v remain from the over-design of the lunar launch stage, 
and not he used during Moon-Earth transit this vould he used to attain 
an earth orbit where rescue could be achieved. Ho separate abort 
capability is required for this phase, hut availability of pro-
pellant should be considered. 

2.5 EXPEDITION PLAHNIHG 

A detailed plan must be prepared for the complete Lunar Ex­
pedition operation. This plan must start from the first time man 
lands on the lunar surface and account for every single effort, or 
objective he is to accomplish during his stay on the surface, A 
crew of three nien will be sent into a new and hostile environment 
where rescue or assistance from other human beings will be extremely 
difficult, if not impossible, for the first mission. Time will be at 
a premium and all items of equipment must be planned, designed and 
delivered in the Cargo Payloads so that they can be used in the easiest 
possible manner. 

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

The actual landing operation and the first effort by men on the 
surface requires detailed data about the moon's surface. The follow­
ing chart represents the best available data. The chart is 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 lUh charts to cover the complete lunar surface. 

The best photographic resolution to date is around one-half 
mile on the lunar surface, which provides adequate data for charts 
having a scale of 1:1,350,000, Good astronomical telescopes can be 
used to Improve on the photographic data and obtain sufficient detail 
to prepare sectional charts like the one included. However, larger 
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scale, accurate lunar charts will be required to complete detailed 
plane- Data can be obtained for such charts from a lunar orbiting 
photographic satellite which vill provide sufficient resolution and 
overlap to enable Btereographic compilation of contours and eleva­
tions. The NASA proposed Lunar Orblter 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. 

m !---* 
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uoar LUINAK LnAM 
SCALE 1:1,000,000 

rUWISHED 1Y IHE AE«ONAUTICAt CHA*T AND INFORMATION CENTER. 

UNITED 5TATES * ' » fOKCE 
ST. IOUI5 la. MO. 

KEPLER 

LAC 57 
Mtrcotor Projection 

State 1<1,000,0M o M i * 0 0 ' « " 

1ST EDITION DECEMBER 1960 

NOTES 
Thii chart wat prepared with advisory owslonce from 
Dr. Q. P. Kulpar gnd hit coHoboralon, 0. W. G. Arthur 
and t". A. WhitaJier. 

CONTROL 
The position of featurei an fhft chart *as determined 

Through the uie of lelenographic conlrol eitabtiihed pri­
marily from the mwiure* of J, From and S. A. Sounder. 
A collated listing of thh control wo* pubfished under the 
auipicas of the fnternationof Agronomical Union in 1935, 
(Named Lunar Formation* - BJagg and Mfiller). 

VERTICAL DATUM 

Vertical datum is bawd on on ossumed spherical figure 
of the moon and a lunar radius of 1738 kilometers. The 
datum plane wot subsequently adjusted to 2.6 kilometers 
below the surface described bf the 1738 kilometer rodiui 
to minimize the extent of tuner surface or minus eleva­
tion value. Gradients of mojos1 surface undulations were 
established by interpolating Schrulko - Rechtenstomm 
computations of J. From'* measurements of ISO moon 
craters. The probable error of comparative devotion 
values it evaluated at 1000 meters. Vertical datum, so 
established, is considered interim and wilt be refined as 
soon as an accurate figure of the moon is determined, 

ELEVATIONS 
All elevations are shown in meters. The ntfalive heights 
of crater rims and other prominences above the moria 
and depths of craters were determined through photo­
graphic measurement utilizing the 1. Kopal and G . 
Fielder Shadow Progression Technique. Relative heights 
thus established, have been referenced to the assumed 
vertical doluai and have been integrated with the grad­
ients of the surface undulation*, The probable error of 
the localized relative heights is 100 meters. Inherent with 
measuring technique used, relative height determinations 
In general E-W direction are more accurate than in the 
N-S direct ion. 

Spot Elevation (referenced to datum) .1100 

Crohtr Elevations 

Rim (referenced to Datum) 300 

Depth of crater (rim to floor) (400) 

CONTOURS 

All contours arc approximate 
Contour interval js 300 meters 
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3.0 INTRODUCTION 

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

A lunar Expedition program will require the use and centralized 
control of a major portion of the present military space capability. 
M e will have the effect of giving the military program a Bcheduled 
long-range objective, and still provide useabla military capabilities 
throughout the period. As an example, manned re-entry vehicles for 
orbital operations will be available in early 1965- This will be 
followed by a manned lunar re-entry vehicle in 1$6S. 

Propulsion and Space launching systems will be required to 
support the LUNEX program. This program will set orbital and escape 
velocity payload requirements ranging from 20 to 350 thousand pounds 
in a 300 mile orbit and from 2*f,000 to 13^,000 pounds at escape 
velocity. Shis capability will be obtained at an accelerated pace for 
the LUNEX program and as a result the same capabilities will be availa­
ble for military use much earlier than could be achieved if the start 
of the development programs had to be Justified at this time entirely 
on the basis of military usefulness. 

The accomplishment of the LUNEX program will require mpy^mnm 
use of several presently programmed efforts and reorientation of others. 
Dae major programs of direct interest to the Lunex are the SAINT and 
BOGS programs. Therefore, these efforts have been coordinated and 
Integrated with the LUNEX program. *me BOGS shots will provide the 
necessary orbital primate test data to allow the manned life support 
package for the lunex Re-entry Vehicle to be designed, The SAINT 
unmanned and manned program will provide additional orbital infor­
mation on rendezvous, docking, and personnel and fuel transfer. In 
the event that the direct shot approach for the Lunar expedition 
requires reorientation in future years to use orbital assembly 
techniques this capability will be available from the SAINT program. 

3.1 MASTER HtOGBAM IEASISG CHART 

This schedule presents the Integrated military program required 
to accomplish the Lunar Expedition mission and to develop techniques 
for operating In the earth orbital and lunar areas. It was prepared 
to indicate the Interface between this Lunar Expedition System 
Package Plan and the Space Launching System. The major national 
objective of this integrated program Is to land men on the moon and 
return than In August of 1967. 
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sww CONHLtLlV'llAL. 
3-2 " LUNAR EXPEDITION PROCBAM SCHEDULE 

This schedule presents the major Items t o be accomplished as 
a re su l t o f the VJNBX program. She cost ing as shovn on the schedule 
does not include the cos t of developing the Space Launching System 
since t h i s i s provided under a separate System Package plan. 
However, the cos t of purchasing the f l i g h t veh ic les i s included. 

Ihe major "prestige" milestones of the program can be 
summarized as fo l lows: 

F i r s t Manned Orbital F l ight April 1965 
(3 Man Space Vehicle) 

F i r s t Lunar landing (Cargo) July 1966 

Manned Circuffllunar F l ight Sept. 1966 

Manned lunar landing & Return Aug. 1^67 

penaanently Manned Lunar Expedition Jan. 1968 

3-3 LUNAR EXPEDITION MANAGEMENT MILESTONES FY62 - FT63 

.This schedule Indicates the major LUHEX program e f for t s 
required during f i s c a l years 1962 and 1963. 3be time a l locat ion 
for management and Ai 'orce technical evaluations have been kept 
to a minimum i n order t o meet the end objective of "man on the moon" 
In August 1967. 

f 
Several c r i t i c a l major decis ions are required and are summarized 

below: 

Program Approval & Funding July 1961 

Development-Production Funding Sec. 1962 

Design Concept Decision Jan. I963 

Approval f o r Hardware Go-Ahead Feb. I963 

Delays i n providing the funding Indicated, or In rece iv ing 
not i f icat ion of dec is ions required, w i l l have the d i r e c t e f f e c t of 
delaying the end o b j e c t i v e s . This problem could be e f f e c t i v e l y 
solved by a streamlined management structure having a minimum number 
of reviewing author i t i e s . The present AFSC procedures are a s tep i n 
the r ight d irect ion but^ more .direct channels .are, des irable a t the 
higher command l e v e l s . , t , „ - ' ^ - - . V , 

^ • ^ 
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n 3 A LUHAR EJCHKDITION TEST SCHEDULE 
* • 

This schedule p resen t s t he major t e s t Items requ i red f o r t he 
LUHEX program. Upon completion of t he program manned t r a n s p o r t and 
unmanned cargo veh ic les w i l l be a v a i l a b l e t o support the Lunar 
expedi t ion . . The cargo veh ic le v i l l be capable of t r a n s p o r t i n g 
approximately ^5,000 pound "cargo packages" t o t h e lunar sur face 
fo r support ing t he expedi t ion . This same vehic le would be capable 
of t r a n s p o r t i n g fu ture m i l i t a r y payloads t o the luna r surface t o 
support space m i l i t a r y ope ra t i ons . 

A d e t a i l e d high-speed r e - e n t r y t e s t program and an a b o r t 
system t e s t program i s scheduled t o provide b a s i c r e - e n t r y d a t a 
and t o insu re t he safety of t he men In t he Lunex Re-entry Veh ic le . 

P r i o r t o t he f i r s t "manned l u n a r landing and re tu rn ' ' f l i g h t , 
a s e r i e s of t e s t and check-out f l i g h t s w i l l be r e q u i r e d . These 
w i l l i n i t i a l l y cons i s t of o r b i t a l f l i g h t s , and then very h igh 
a l t i t u d e (50,000 mi les or more) e l l i p t i c a l f l i g h t s fo r t e s t i n g t he 
veh ic les under r e - e n t r y c o n d i t i o n s . When these have been completed, 
the f i r s t f l i g h t s w i l l be made around the moon (circumlunar) and 
r e t u r n t o an ea r t h base . With a completely man-rated v e h i c l e , and 
unmanned lunar landing f l i g h t s completed, man w i l l then make the 
f i r s t landing on the moon f o r t he purpose of s e l e c t i n g a s i t e f o r 
the Lunar Expedit ion F a c i l i t y . 

3.5 LUNEX SIACE IAUNCHTNG REQUIREMENTS 

"The purpose of t h i s schedule i s t o summarize the space launching 
vehic le requirements and I n d i c a t e when the launches w i l l be needed. 

The THOR-ABLE-STAR b o o s t e r s w i l l be used f o r t he r e - e n t r y t e s t 
program. The Space Launching System boos te r s des ignated as A, AB 
and BC, and so l i d s as r equ i red , w i l l be needed as i nd i ca t ed and t h e i r 
payload c a p a b i l i t i e s a re es t imated a s fo l lows : 

Booster 

A ItlO 

AB 625 

AB 825 

BC 2720 

Payload 

20,000 pounds (300 mile o r b i t ) 

87,000 pounds (300 mile o r b i t ) 

24,000 pounds (escape v e l o c i t y ) 

13^,000 pounds (escape v e l o c i t y ) 
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^ r 3.6 PERSONNEL AND 1RAINING 
c 

The Lunar Expedit ion program w i l l r e q u i r e m i l i t a r y personnel 
and a m i l i t a r y t r a i n i n g program- D e t a i l s of t h i s program a re p resen ted 
i n Sect ion XX and summarized on t h e Uraex Tra in ing Schedule inc luded 
i n t h i s s e c t i o n . 

• & • 

The number of personnel r equ i r ed w i l l i nc rease from a l i m i t e d 
s t a f f i n the e a r l y ft-ogram Office t o a t o t a l of 6,000 personnel I n 
t he a c t i v e expedi t ion y e a r . This t o t a l does no t include " in p l a n t " 
con t rac to r personnel -which i s es t imated t o be on the order of 66 
thousand. 

Training of m i l i t a r y personnel t o meet t h e requirements of t h e 
LUMEX program v i l l be done by con t rac to r and m i l i t a r y t r a i n i n g 
pe rsonne l . Maximum use v i l l be made of program equipment tfeen I t 
can be scheduled for t r a i n i n g purposes and i n addi t ion} a l l o c a t i o n 
of product ion equipment i s necessary t o meet toainlng requ i rements . 

3-7 XUNEX CIVIL ENGINEERING FACILITIES SCHEDULE 

The f a c i l i t i e s development and cons t ruc t ion program I s shown 
on t h i s schedule . The f i r s t i tem t o be accomplished i s a s i t e 
survey t o determine t he ex ten t t h a t t he LUNEX program can be 
supported by AMR and B4R. When t h i s has been accomplished i t i t i . l l 
be poss ib le t o deteimine i f the e a r l y LUNEX t e s t launches can be 
accomplished by using presen t f a c i l i t i e s . F u l l cons ide ra t ion i t i l l 
be given t o the p o s s i b i l i t y of bu i ld ing the Lunex Lranch Complex 
a s an expansion of the AMP or fMR. A more d e t a i l e d p r e sen t a t i on 
of t he f a c i l i t i e s program i s contained i n Sec t ion VIII C i v i l 
Engineer ing. 

3-8 WDLAR-S-J*58 
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CHART m - 8 

LUNAR EXPEDITION PROGRAM MILESTONE SCHEDULE 

CALENDAR 
1961 1962 1963 1964 

PRELIMINARY DESIGN COMPLETE ( LUNEX PAYLOAD) - < K PROGRAM APPROVAL AND FUNDING \) 
ENGINEERING DESIGN AND MOCK-UP < c !! 
INITIATE HARDWARE PROCUREMENT < > 
RE-ENTRY VEHICLE ( 9 0 % ENG REL ) < > 
LUNAR LANDING STAGE ( 9 0 % ENG REL) '< 
FIRST MANNED ORBITAL FLIGHT 

CARGO PAYLOAD ( 9 0 % ENG REL) 
LUNAR LAUNCH STAGE ( 9 0 % ENG RED 

FIRST LUNAR LANDING (CARGO TEST FLIGHT) 
MANNED CIRCUMLUNAft FLIGHT 
SPACE LAUNCHING SYSTEM FLIGHT QUALIFIED 

MANNED LUNAR LANDING ANO RETURN 

PERMANENTLY MANNED LUNAR EXPEDITION 

LUNAR EXPEDITION FUNDING REOUIREMENTS(MILLIONS) 27 112 350 

r-
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m C | LUNAR EXPEDITION. CV 60 CY~oT~ 

MANAGEMENT MILESTONES FY62 - FY 6 3 j r i t l J j i l t i I j r • i • J j A i 

1 n 
1 START PRELIMINARY DESIGN (LRV) 'u 

1 
4 COMPLETE PRELIMINARY DESIGN (LRV : : * : : " 3 S : J 
1 
ft PROGRAM APPROVAL AND FUNDING - - - - - n -

I 
I ENGJKEERING DESIGN COMPETITION 
1 AND MOCK-UP 
M 
II Contractor No. 1 {Lunex Payloads) 
n 
D Contractor No. 2 (Lunex Pavloads) 
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U X 
II DESIGN CONCEPT DECISION J 
II J 
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• J 
11 CONTRACT AWARD "• 
n j n LUNAR TRANSPORT VEHICLE PROGRAM *• 
M J B LUNAR EXPEDITION! j • PROGRAM J » 
• REQUIRED FUNDING (MILLIONS) -
II 
m . FY-62 Ixh. ~ • r-
II 
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" 
M FY-M 
» 
» 
11 
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^ 
4t LRV - Lunex Re-entry Vehicle •™ 
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m D LUNAR EXPEDITION CV-61 CY-62 

TEST SCHEDULE J 

HIGH SPEED RE-ENTRY TEST 
25.000 - 35.000 ft/aec 

(Sub-Scale) 
35.000 - 45,000 ft/aec" 

(Sub-Scale) 
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» Lunar Landing and Return 
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Lunar Expedition 
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n_ 
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Ear th Launch T e s t 

a. 
M_ 
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«_ 

Orbital Check-out 
Lunar Launch * ' ^ * s 

Unmanned 
Manned 

Lunar Expedition 

(Continued) 
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FY-62 

k—as 

»liU l . « . .»»^ •^*•W•W•TT , 



- : ! . - . • - . - » • ' ; • : : - . . • . ' ' - . - • -

n - *»'• - * <J * 
•• - . - . ' rSrtr • ' ~.^x-:-'----: 

ra 

- ^ - . - • ' " - : . ' " ; ' - ' • ' " - ' • I 
*&Z- ^&i*xS§£ki 

. . J - — ^ 

CY r̂ 
33 

0 

fY -63 

n 
0 

CY-64 

D 
ft 

3 

n 

ilsH|i|i|i|Hi|i|i|] 

64 

rax « 

rt-t* 

0 

CY-6! 

0 JL4 

09 

0 
U 

JM 

n 

n • 

FY-65 

J« 

JA;'*..r. . ^ V t ; >| 

, . : : ^ ^ . S : - : ^ ? ^ ^ - ^ ^ : ^ - . - ^ ^ .-^ 
:.^:;r:^^u^ > t > ^ ^ ^ - ^ ^ S : ^ 7 ? ^ ; i % - - ??=£;;-:-:-

- r S i • "ST- . - . - . - — . : • ' 
-i-J.;..-':;":':'- j&;~- -r- - i t*V\« ^- .-*i:-'>^;-U-r-?: U' : ' 



MOOtAM SCHBUU - 6 Years 
TTT TJ 
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i n E [ LUNEX SPACE LAUNCHING CY-61 CV-62 
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IIT-F j LUNEX CIVIL ENGINEERING CY-6I CY-62 
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lEVELOFMENT - TEST - ERODUCTIOU 
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4 . DEVELOFMEHT - 2EST - PRODUCTION 

4.0 IHTflODUCTIOH 

Implementation of the lunar Expedition v l l l require a 
completely Integrated program Involving the development, t e s t , 
and production of Items based on almost every known technical 
d i s c i p l i n e . These technical d i s c i p l i n e s are presently being 
invest igated under a multitude of programs and organixations • 
The Lunar Expedition program v i l l require these technical e f f o r t s 
to be immediately organized and re-or iented where necessary. 
This can bes t be accomplished by preparing a detai led development, 
t e s t , and production program. Vben t h i s program i s completed 
each technical area can be evaluated by comparing I t s present 
program object ives and I t s required output t o meet the Lunar ' 
Expedition program requirements. In the following paragraphs 
the Lunar Expedition development object ives and technical per­
formance requirements are presented. The scope of the major 
ex is t ing technical programs and the necessary re-or ientat ion i s 
discussed. 

4 . 1 DEVELOPMENT OBJECTIVES 

4-1 .1 HIGH-SPEED RE-SNORT 

At the present time high-speed re-entry data In the v e l o c i t y 
spectrum from 25,000 f t / s e e . t o 1*5,000 f t / s e e . I s non-exis tant . In 
order to meet the Lunex Re-entry Vehicle development schedule I t " • 
w i l l be necessary t o have high-speed re-entry data during the 
engineering design program for the manned re-entry v e h i c l e . Thus 
a compressed and coordinated teBt program for both ground t e s t 
f a c i l i t i e s and f l i g h t t e s t i n g i s necessary* 

Immediate act ion Is necessary t o schedule and design the 
high-speed wind-tunnel t e s t program. This v i l l show the type of 
information that can only be achieved by means of f l i g h t t e s t i n g . 

The High-Speed Re-entry f l i g h t t e s t program scheduled for 
the Lunex program i s necessary t o provide basic data on re-entry 
as well as t o f l y spec i f i c shapes In the l a t e r period of the t e s t 
program. This s e l ec t ed shape program v i l l be coordinated with the 
Lunex Re-entry Vehicle design e f f o r t . 

In order t o accomplish the High-Speed Be-entry f l i g h t t e s t 
program i t w i l l be necessary t o design and develop a t e s t v e h i c l e . 
Oils vehic le most use e x i s t i n g boost systems due t o time l i m i t a t i o n s , 
but the payload v l l l have t o be designed e spec ia l ly for t h i s program 
since none e x i s t s a t t h i s time. I t I s be l i eved that the At las booster 
v l l l prove adequate for these t e s t s , but a decis ion must ava l t the 
t e s t payload des ign. 
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fc.1.2 MANNED LUNAR PAYLOAD *V -9 

The largest single development objective for the LUTO3C 
program is to provide a payload capable of transporting men and 
equipment to the lunar surface and returning them to a selected 
earth base, nils payload would consist of a Lunar landing Stage, a 
lunar Launch Stage and a 3-man Lunex Re-entry Vehicle. 

A typical Manned lunar Payload is shown in a cut-away view in 
Figure h~\. Ike characteristics and General Arrangement of the 
Manned Lunar Payload are shown in Figures k-2 and k-3. This payload 
is 52 feet U inches long, has the e.g. located 33 feet 8 inches from 
the nose of the re-entry vehicle and the interface diameter with the 
Space Launching System is 25 feet. The complete payload weighs 
13^,000 pounds at escape velocity, and a 20,205 pound Manned Re-entry 
Vehicle is returned to the earth. 

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

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

. The lunar landing Stage must be capable of landing the Lunar 
Launching Stage and the Lunex Re-entry Vehicle on the lunar surface. 
At the present time this is considered a difficult design problem 
because little is known about the lunar surface. Actually the best 
photographic resolution to date is approximately <§ mile. Many 
theories exist on the formation of the moon and therefore, the 
characteristics of its present surface. When these two factors are 
considered the only practical design approach is to provide an 
alighting system capable of landing on an extremely rough surface. 
An automatic leveling, orientation and launching system is required 
for system check-out prior to manned flight. Therefore, any 
assumption that the Manned Lunar Payload can be moved about on the 
lunar surface or that the payloads might initially transfer fuel on 
the lunar surface, might be entirely erroneous and Jeopardize the 
complete Lunar Expedition effort. The landing stage will also, have 
to be developed so that It is capable of landing the Cargo Payloads 
on the lunar surface. 
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The Lunar launching Stage must be developed with a different 
philosophy than the previous sub-systems. First, It only operates in 
4. vacuum of space and on the lunar surface. Secondly-/ it vlll be 
required to function after It has been located on the lunar surface 
for an extended period varying from several days to many months. 
Therefore, 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 facilities, following possible temperature variations 
of hOO to 500 degrees, following possible meteorite bombardment and 
from a less than optimum launch angle. Specifically the stage 
development must consider propellent boil-off, automatic check-out, 
self-erection and remote (earth-moon) launching procedures. 

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

IM.3 CARGO BttLOAD 

She successful support of the Lunar Expedition vill require a 
capability to deliver relatively large Cargo Packages to the lunar 
surface. These Cargo packages vlll be soft landed at the desired 
lunar sites by the Lunar Landing Stage. Each Cargo package vlll 
weigh approximately 45,000 pounds and vill be specifically designed 
to carry the items desired to support the expedition. Development 
of the Cargo Payload and the specific packages vill depend upon the 
Lunar Landing Stage design and the receipt of lunar environmental 
data. The actual design of the Lunar Expedition Facility vill only 
be possible vhen detailed Information on the lunar surface is available. 
Then vtth the facility design information the required materials, 
equipment, and procedures can be determined and a payload delivery 
sequence derived. The required payload delivery sequence is essential 
before the Individual payloads can be designed and developed, but 
timely development of major Items of equipment must proceed as their 
individual requirements become known. 

k.l.k ABORT SXSTEM 

The philosophy of abort has been presented In the Program 
Description section of this document. The development of the abort 
equipment will require an integrated effort with the re-entry vehicle 
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The lunar launching Stage must be developed with a d i f ferent 
philosophy than the previous sub-systems. F i r s t , i t only operates i n 
a„ vacuum of space and on the lunar surface. Secondly, i t w i l l be 
required t o function a f t er i t has been located on the lunar surface 
for an extended period varying from several days t o many months. 
Therefore, the stage must be developed t o launch the re-entry vehic le 
a f t er being subjected t o a bet ter vacuum then available i n our bes t 
earth laboratory f a c i l i t i e s , fol lowing poss ib le temperature variat ions 
of 400 t o 50Q degrees, fol lowing poss ible meteorite bombardment and 
from a l e s s than optimum launch angle. Spec i f i ca l ly the stage 
development must consider propellent b o i l - o f f , automatic check-out, 
s e l f - erec t ion and remote (earth-moon) launching procedures. 

The Lunar Launching Stage represents the major r e l i a b i l i t y 
problem of the system because an abort capabi l i ty i s planned f o r 
every phase of the LUNEX mission except during launch from the lunar 
surface. During the ear ly lunar f l i g h t s an abort capabi l i ty for 
t h i s phase i s Just too expensive payload-vise for the Space Launching 
System. An abort capabi l i ty during Lunar Launch e s s e n t i a l l y requires 
a duplicate lunar launching capabi l i ty because the man must s t i l l be 
returned to the earth by e i ther t h i s system, or a specia l rescue 
f l i g h t . Therefore, u n t i l lunar support f a c i l i t i e s ere avai lable a 
separate system for abort during lunar launch does not seem p r a c t i c a l . 
This creates the requirement, t o develop an extremely r e l i a b l e Lunar 
Launching Stage. 

fc.1.3 CARGO BftTLOAD 

The successful support of the Lunar Expedition -will require a 
capabi l i ty to del iver r e l a t i v e l y large Cargo packages t o the lunar 
surface. These Cargo packages v i l l be so f t landed a t the desired 
lunar s i t e s by the Lunar Landing Stage. Each Cargo Package w i l l 
weigh approximately ^5,000 pounds and w i i l be s p e c i f i c a l l y designed 
t o carry the items desired to support the expedition. Development 
of the Cargo Payload and the s p e c i f i c packages w i l l depend upon the 
Lunar Landing Stage design and the rece ipt of lunar environmental 
data. The actual design of the Lunar Expedition F a c i l i t y w i l l only 
be possible when de ta i l ed information on the lunar surface i s ava i lab le . 
Then with the f a c i l i t y design information the required materia ls , 
equipment, and procedures can be determined and a payload del ivery 
sequence derived. The required payload del ivery sequence i s e s s e n t i a l 
before the individual payloads can be designed and developed, but 
timely development of major items of equipment must proceed as the i r 
Individual requirements become known. 

It.1.4 ABCfiT SYSTEM 

The philosophy of abort has been presented In the Program 
Description sect ion of t h i s document. The development of the abort 
equipment w i l l require an integrated e f f o r t with the re-entry vehic le 
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design and the test program must be conducted concurrently to provide 
a reliable and safe system for supporting manned operations. 

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

1**1.5 SPACE LAUNCHING SYSTEM 

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

The major problems facing the design and development of the 
LUHEX payloads vlth reference to the Space Launching System, concerns 
the interface characteristics, trajectory considerations, and earth 
launch facilities. 

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

Interface Diameter 300 inches 
Escape Payload Weight 13^,000 pounds 
. Payload Length 6y? inches 
Center of Gravity kok inches 

(Measured from top of payload) 
The Space Launching System is required to provide timely 

launching capabilities for the Lunar Expedition as follows: 

Payload 
Weight 
Pounds 

20,000 
87,000 
2^,000 

13^,000 

Unmanned Manned 
Trajectory Flight ' Flight 

300 mile orbit Aug 6k April 6? 
300 mile orbit Dec 65 - -
Escape Telocity Dec 65 Aug 66 . 
Escape Velocity July 66 Aug 6f 
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k.2 SUBSYSTEM BEVELOFMEHT 

The development 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 performance In these technical areas can 
be accomplished to meet the overall program schedules and that 
no scientif ic breakthroughs are required. She Important point 
i s that items requiring development be identified, that necessary 
funds be allocated, and that effort be Initiated without delay. 
Die following sections discuss major subsystem requirements, 
present capabilities, and development required. Completed 
studies conducted by the Air Force and Industry have established 
subsystem requirements in sufficient detail to outline develop­
ment programs which should be init iated Immediately. Present 
studies wil l refine these specifications further. 

>>-£. 4.2-1 RE-ENTRT VEHICIB 

«*&si lr.2.1.1 

The manned re-entry vehicle i s a cr i t ica l item in the 
development of the manned payload packages. This vehicle must be 

- capable of returning from the moon and re-entering the earth's 
(_ atmosphere at earth escape velocity (37*000 f t /Bee . ) . I t must 

also have the capability of supporting three men on a 10-day 
round tr ip earth-moon mission. This mission would include boost 
from earth, coasting in earth orbit, ba l l i s t i c f l ight to the moon, 

...^ deboost and landing on the moon's surface, remaining on the moon 
• < • for one to five days, launch from the moon's surface, re-entering 

the earth's atmosphere and landing at a pre-selected base on the 
' ~ ~ earth. Structural requirements imposed by inert ia! and pressure 
*~*— loading during boost, abort, trajectory correction, landing, re­

entry, ground handling, and wind loading on the launch pad, have 
been considered in analyzing desired vehicle characteristics-. 
These studies have also included the heating and i t s effect on 

- vehicle design as vei l as the effects of space and lunar environ­
ment including particles and radiation, meteorite penetration, 
and hard vacuum. Present deslga studies have estimated the total 
re-entry vehicle weight at 20,205 pounds. The weight breakdown 

^"^f is as follows; 

a. Body 7500 
(1) Structure 3500 
(2) Heat Shield U000 

b. Wing Group 2000 
(1) Structure ****• -fiOa.-„ v 
(2) Heat Shield * 1200 ' "— - • 
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c." 'ControlSystem"***' TJ5 
(1) Aerodynamic 600 
(2) Attitude 175 

d. Environmental Control 1530 
(1) Equipment Cooling 138 
(2) Structure Cooling 9^0 
(3) Cryogenic Storage ^52 

e. Landing Gear 700 

f. Instruments & Displays 200 

g. Electric Pover system 600 

h. Guidance & Navigation 400 

1. Communi cations 250 

J. Furnishing & Equipment 850 
(1) Seats fc Restraints 225 
(£) Decompression Chamber 175 
(3) Equipment Compartment 300 
(k) Miscellaneous 150 

k. life Support hoo 

1. Crew (3 men) 800 

m. Radiation 1200 

n. Abort System 3000 

4.2.1 2 

Present re-entry and recovery techniques are outgrovths 
of the ballistic missile program utilising ballistic re-entry 
and parachute recovery. 3hey are not compatible vlth the 
velocities associated with re-entry from the moon, vlth con­
trolled landing, or vith manned operation. Present engineering 
data associated vith high speed re-entry is not adequate for 
vehicle design. 

4.2.1.3 

A development-test program i s required to obtain 
generalized data on re-entry phenomena and to test scale models 
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of selected vehicle configurations so that final selection and 
design of an optimum vehicle can be made. Concurrently with 
this test program the projects within the applied research 
program will be directed so as to carry out the following 
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 ionization, non-equilibrium flow 
phenomena.; and the influence of radiation non-equilibrium on 
vehicle aerodynamic and heat transfer characteristics. 

(2) Initiate an extensive ground based facility 
program directed at obtaining aerodynamic and heat transfer 
data up to Mach Ho- 25 (the maximum useable available capability). 
ttiese tests would Include the G.E. hypersonic shock tunnel in 
the M = 18 - 25 range; Cornell Aeronautical Laboratory hypersonic 
shock tunnel If = 12 - 18; Cornell Aeronautical Laboratory heated 
hydrogen hypersonic shock tunnel at M - 20; AEDC tunnel "B", 
"C", at M = 8 - 10; AEDC E-l and E-2, M = 1-5 - 6; AEDC super­
sonic and subsonic facilities. Ibis effort will be coordinated 
with the Lunex Engineering Design program and the High-Speed 
Re-entry test program-

(3) Correlation of wind tunnel tests in ve-uns of 
prediction of free-flight vehicle performance characteristics 
in order to provide correlation between ground tests facilities 
and free-flight vehicles-

(k) Complete vehicle static and dynamic stability 
analysis. 

(5) Investigate local critical heat transfer problems 
Including those associated witli flaps and fins. The use of re­
action controls, in order to alleviate critical heating areas, 
for vehicle stability and control, will be investigated-

4.2.1.3-2 M&IERIALS 

(1) Materials Develoratent 

(a) Low conductivity p las t i c material develop­
ment. 

(1) Uniformly distr ibuted low conductivity. 
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(£) Tailoring conductivity d is t r ibut ion 
in material in order to obtain high ablation performance a t -
surface and lov thermal conductivity in s tructure bond l i n e . 

(3.) Develop materials with low ablative 
temperatures -

[h) Investigate bonding of mater ia l ! to . ' 
hot structure. 

(b) Develop minimum shape change materials 
for aerodynamic control surface and leading edge applicat ions. 
flieee materials will include pyrolytic graphite, al loys of 
pyrolytic graphite, and ceramics. 

(2) Materials Analysis 

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

(b) Experimentally study material performance 
under simulated f l i gh t environments with the use of high 
enthalpy arc f a c i l i t i e s (b/RT0 = 700 t o 800). 

(c) Study the influence of space environment 
on selected mater ia ls . This wil l include the influence of 
vacuum, u l t rav io le t radiat ion, and high energy pa r t i c l e s . 

4 .2.1.3.3 STRUCTURES 

(1) Primary effort will be in the development of 
load-bearing radiating structures. For this structure, the 
following areas will be investigated. 

(a) Ihermal s t ress analysis and prediction. 

(b) Dynamic budding 

(c) Strain gage applications t o high tempera­
tures . 

(d) Experimental simulation on large scale 
structures of load temperature d is t r ibu t ion , and h is tory . She 
WflBD Structures f a c i l i t y would be the one most appropriate to 
these t e s t s . 
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li.2 1.3A DYNAMICS 

(l) Analytical studies In the following areas should 
be undertaken. 

(a) Unsteady aerodynamic forces at hypersonic 
speeds. 

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

(c) F lu t te r 

(d) Servoelastlc coupling with guidance system. 

(e) Fatigue due to random loading-

(f) Transient dynamic loading. 

4 .2 .1 .k 

Present projects -within the Air Force applied research 
program wil l be reviewed and reoriented or ef for t increased, as 
appropriate, to provide the necessary data. Projects which can 
be used for th i s purpose are l i s t e d below; 

6lT3*(U) Study of Controlled Final Deceleration Stages 
for Recoverable Vehicles. 

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

1366 (U) Construction Techniques and Applications of 
Mew >feterials. 

1370 (U) Dynamic Problems in F l igh t Vehicles. 

1395 (U) Fl ight Vehicle Design. 

6lU6 (U) Fl ight Vehicle Environmental Control. 

1309 (U) Fl ight Vehicle Environmental Investigation. 

6065 (u) Performance and Designed Deployable Aero­
dynamic Decelerations 
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4.2.1.5 

In addition to the applied research efforts referred to 
in Paragraph 4.2.1.1* an intensive study of re-entry vehicle 
characteristics required for the tunex mission is being ac­
complished under project 7990 task 17532- 2fcis study will 
define an optimum vehicle configuration and present the most 
feasible technical approaches to solving the various re-entry 
problems. For example, the desirability of ablative and/or 
radiation techniques for cooling will be determined. 

i . ^ 
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4.2.2 HIOFULSIOH 

4.2,2 .1 

me Manned Lunar Payload requires a booster capable of 
placing ft 134,000 pound package a t escape velocity on a se l ec t ­
ed lunar t rajectory. This booster development has been included 
in the Space Launching System package Plan and i t s development 
will be done for the Lunex program. 

4.2.2.2 

Propulsion systems for the Manned Lunar Payload which vill 
be developed under this plan are those required for the following 
operations: 

lunar Landing 

Lunar Launch 

Trajectory correction 

Attitude control 

Abort 

4.2.2.3 

The Lunar Landing Stage must be capable of soft landing a t 
approximately 20 f t / s ec . a 50,000 pound payload on the moon. 
This payload consists of the Lunar Launching Stage and Lunex 
He-entry Vehicle. Preliminary design data from studies completed 
to date show tha t the manned re-entry vehicle will weigh approxi­
mately 20,000 pounds and a launch stage of 30*000 pounds wil l be 
required. Similar estimates for the Lunar Landing Stage indicate 
tha t i t wi l l weigh 85,000 pounds- During lunar landing, i f an 
i n i t i a l th rus t to weight r a t i o of ,45 i s assumed as consistent 
with the deceleration desired and time of deboost, an i n i t i a l 
re t ro th rus t of 60,000 pounds i s required. At f ina l touchdown 
on the moon, with a l l & v cancelled and assuming essent ia l ly a l l 
deboost propellent consumed, approximately 10,000 pounds of thrust 
i s required: Some t h r o t t l i n g or gimballing of the engine may be 
required a t the 10,000 pound leve l t o reduce the axia l component 
of th rus t . The requirements on the landing engine are for a 
60,000 pound engine with a 6 t o 1 th ro t t l ing r a t i o , or a c luster 
of four engines of 15,000 pounds thrus t and a t l e a s t one with a 
th ro t t l ing range of 1.5 to 1. Assuming a thrust to weight r a t i o 
of 1.5 (Moon weight) for the Lunar Launch gtage, a 12,000 pound 
thrust engine i s required for lunar launch. "An engine of the 
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4.2 .3 I2FE SUPPORT 

4.2 .3-1 

The l i f e support package for the Manned lunar Rtyload 
vLll be required to function for a "ilplitniw of 10 days* Bile 
i s based on the premise that a one-nay t r ip to the noon wil l 
require 2^ days, and the stay on the lunar surface wil l be on 
the order of 5 days. Die l i f e support system must be capable 
of supporting three men during high acceleration boost, approxi­
mately 2 i dayB of weightlessness, one to f ive days of l / 6 earth 
weight, 2f days of Weightlessness, re-entry deceleration and 
return to fu l l earth gravity- At the sane t ine i t mist provide 
a shirtsleeve cabin environment under the space and lunar 
environments, including extreme temperature gradients, absence 
of oxygen, radiation, e tc . 

4.2.3-2 

Studies of the l i f e support system weight requirements 
indicate that the l i f e support package can be provided within 
the weight allocation for the 20,000 pound Lunex Be-entxy 
Vehicle. She l i f e support system weight analysis was based on 
physiological experiments under simulated space f l ight conditions 
such as confinement, special d ie t s , reduced pressure, e t c At 
the present time approximately 65 to 70 percent of the knowledge 
required to design the three man package i s available. However, 
to obtain the additional data experimental laboratory and f l ight 
test ing i s required. Most information i s presently obtained by 
piggyback testing aboard experimental vehicles but to support 
the lunex program and to meet the desired schedules the BOSS 
primate program must be in i t ia ted and adequately supported. 

4.2.3-3 

Most of the data available today consists of physiological 
support (nutrition, breathing oxygen, pressure su i t s , and restraints 
for l imited periods), but there i s a lack of knowledge on prolonged 
weightlessness and the biological effects of exposure to prolonged 
space radiations. One BOSS program i n i t i a l l y wi l l support a chlmpan-
xee for periods up to 15 days and has been programed to provide a 
l i f e support package of sufficient else and sophistication to 
support a man. Ems, with the BOSS^xrogram the data wi l l become 
available so that the Lunex program can design and construct the 
l i f e support package as required for April ̂ 965^ 
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4.2.3.4 

Shroaghout this development all life support knowledge and 
techniques will be fully exploited. Techniques, learned In the 
work with the Discoverer package were utilized in building the 
Mercury package. In turn, experience end knowledge gained from 
Mercury is being fully exploited in the development of the present 
BOSS package, 

4.2.3-5 

The l i f e support program (BOSS) i s v i ta l t o meet the ob­
jections of the lunex program. However, other AFSC programs 
bust be considered for possible application to Lunex and the 
following are nov being evaluated: 

6373 (0) Aerospace l i f e Support 

7930 (U) Bib-Astronautics 
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4.2.4 FLIGHT VEHICIB ?OWEfi 

4.2.4.1 

Electrical pover will be required to operate the Lunex 
Re-entry Vehicle subsystem such as l i f e support, navigation 
and guidance. Instrumentation, and communications. She pover 
requirement for these subsystems has been analysed and de­
termined to je approximately 3 kv average during a ten-day 
manned tr ip to the moon and return. Jteak power requirements 
will be approximately 6 lev. 

4.2.4.2 

Solar, nuclear, and chemical powered systems were eval­
uated against these requirements. Vhile all of these systems 
may be capable of meeting these requirements the chemically 
powered systems have been selected for early adaptation Into 
the program. Specifically, fuel cells and turbines, or posi­
tive displacement engines appear to offer the most advantageous' 
solution. The final selection will be made during the final 
re-entry vehicle design when a detailed analysis of the trade' 
offs between various available systems considering relative 
velgit, efficiency, reliability, and growth potential la 
available. The optimum system may be a combination of fuel 
cells and chemical dynamic systems with one system specifically 
designed to supply peak demand. MLth this approach the system 
to provide peak load capacity, will also provide backup power 
in the case of equipment malfunction during a large part of the 
mission. A battery supply may be used to furnish emergency 
power required for crev safety during critical periods in the 
flight. 

4.2.4.3 

Present level of technology i s such that a satisfactory 
f l ight vehicle pover system wi l l be available when required for 
the LUNEX mission. Additional development effort should be 
Initiated In certain specific areas, such as a re l iab i l i ty 
evaluation program for fuel ce l l s and an Investigation of the 
problems of operating chemical dynamlc^systeafi la-a-zero-**0" 
environment. " 

Close coordination must also be maintained with the manager 
of project 3145 (U) Energy Conversion, to Insure the availabil i ty 
of the required secondary power sources. 
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fc.2.5-1 

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

Ascent and Injection 

Outbound Mid-course 

lunar Landing 

Lunar Ascent 

Inbound Mid-course 

Earth Be-entrjr 

Earth Landing 

present state-of-the-art equipment i s capable of handling 
portions of the guidance and control problem associated villi 
the above phases of f l ight . However, in order to obtain s com­
plete guidance and control system, i t i s f e l t that development 
of the following items should be undertaken. 

4.2.5,2 ITJERTIAL PLATFCRM 

Guidance requirements for both the manned and unmanned 
vehicles can be met with the use of guidance concepts based on 
the use of inert ia! and corrected inert ia! data in a combination 
of explicit and perturbation computations of present and pre­
dicted trajectories. Consequently, an Inertia! platform con" 
figuration suited to the space environment I s needed. This 
platform should be l ight In Height, hifdtfy rel iable, and capable 
of maintaining a space-fixed reference over a long Interval of 
time. Rresent gyroscopic devices and accelerometers are neither 
accurate nor reliable enough to accomplish the space mission. 
An inertlal platform which holte great jirpmise^MMise In lunar 
missions-is one rtGlzing^Iectrlcally suspended gyros in con­
junction with advanced accelerometera capable of operating in 
a space environment. Present e lectr ica l ly suspended gyros are 
capable of operating with a dri f t rate of .0005 deg/ar/g, and 
I t i s anticipated that by 1966, a drift rate cf .0001 deg/hr/g 
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