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FOREWORD

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

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

technical fall-oute for greatly improved space capabilities.

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

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

1.2 BACKGROUND

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

1.3 DPESCRIFTION o

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

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

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

' techniques nor large boosters have been demonstrated, both spproaches

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

b '
L

W

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

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

PE -

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

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

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

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

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

Ip—

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

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

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

1.4 MAJOR PROELEM AREAS

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

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

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

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

1.5 MILESTORES

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

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

1.6 CAPABILITIES DEVELOFPED .

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

1.7 MANAGEMENT ACTIORS REQUIRED

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

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

CHART 1-A
LUNAR EXPEDITION PROGRAM MILESTONE SCHMEDULE

CALENCAR YEARS

1961

1962 1963 1964

1)

1967 1968

PROGRAM APPROVAL AND FUNDING

ENGINEERING DESIGN AND MOQCK-UP

INITIATE HARDWARE PROCUREMENT

RE-ENTRY VEHICLE {90% ENG REL }

LUNAR LANDING STAGE {90% ENG REL)

FIRST MANNED ORBITAL FLIGHT

CARGO PAYLOAD {90% ENG REL)

LUNAR LAUNCR STAGE {90% ENG REL)

FIRST LUNAR LANDING (CARGO TEST FLIGHT )

MANNED CIRCUMLUKAR FLIGHT

SPACE LAUNCHING SYSTEM FLIGHT QUALIFIED

wn LUNAR LANDING &ixe RETURN
PEMWANENTLY MANNED LUNAR EXPEDITION

LUNAR EXPEDITION FUNDING REQUIREMENTS ( MILLIONS)

2r he- 350

710

1320

1405 | 1760
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IB LUNAR EXPEDITION

MANAGEMENT MILESTONES FY62 - FY63;

y START PRELIMINARY DESIGN (LRV)

B

4 _COMPLETE PRELIMINARY DESIGN (LRV

$
4 PROGRAM APPROVAL AND FUNDING

1
4 ENGINEERING DESIGN COMPETITION

§ _AND MOCK-UP

| ]

1 Contractor No. 1 {Lunex Payloads)

)/ 8

n Contractor No. 2 {Lunex Payloads)

3 DEVELOPMENT - FRODUCTION FUNDING
1k

Il _DESIGN CONCEPT DECISION

AFPPROVAL FOR HARDWARE GO-AHEAD

CONTRACT AWARD

NRRSE

1 _LUNAR TRANSPORT VEHICLE PROGRAM

5 LUNAR EXPEDITION

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

0 ¥Y-b2

il

1 FY-63

b

H FY-64

i

i

1

a_

™ LRY - Lunex Re-entry Vehicle
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SECTION II

PROGRAM DESCRIPTION

1
'
1
1

.: Wt

3

l“"
S

15 ¢

LUNAR EXPEDITION {U)

(LUNEX)

i

2.1

tion affecding Me nodionol defenss of the Uniled Shuter within the

f ing of tha Esplonoge Lows, Tile
“ U.‘.c Saction ﬂ3 ul‘l’ 794, tha trammivsion er revalatien af which in ony. we bo on shorized parsen is prohlblied by lew.

DL mm e | erirep———— T T T IS T g . e = A 0 T —— -

n mm amr— n a eL



1

N,

1 !

i

R i
- i
ke !

“. This & Holns informetion aHecti lhunould-&mp-f Uniii vinartes
m use, sm:-.mmm, Firamint -Msi".':a -ﬁl-mm iﬁ.”’

et rmrmm = e p———— i — - — o g, s - v = v mr e m—mmem= = = = - - - . -
- . - = I R i T T i —u m— me I e g g A T ey




T

m PAG’E L R N Y R N R NN NN NN ER RN NN 2.1

FECORD OF CHANGES ......... aressarasmaca= e mesanai 2.2

E‘__--:—_ Im s flsngpyFrde e Ravilcdandpaft s Ngpepr NI RFFEN 2.3

2.0 BACKGROUND teisutctnesecorsnrosassoncnsvnceras 2.5
2.1 LUNEX PROGRAM OBJECTIVE ........... ceermcraee. 2.5
2.2 LUNEX PROCRAM - DESCRIPITON +cuevinerervoncres 2.5
2.3 DESIGN PHILOSOPHY +evevencenssossravsvsosesnan 27

2.5 mmmmm 341 bbbt dunorrrreaBaa® NSRS 2-11

f
I
4
Fl.
4

WDLAR-S-458

e i deferse of fis Uniad Jtaim within the mecning of Ihe £ . Thie

":“""‘ I! [TR SC Section ?!3 lml ™, Ih Irammuihn - rncloﬂm of which in any mormet v &8 waautharand person .ulﬂblnd M lnwe.
ra TwmTwoEC ST _We aRel T T £ o = 'U.?.-- TR T T =-‘ T T TR wLR Tata TR TR LTen T '-"._.'-'._\ . -,'". ’ I.- T - -
-0 - hindE - . D Taa fn, e ket v e T - ' -



2.0 BACKGROUND

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

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

2.1 JUNEX FROGRAM OBJECTIVE

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

2.2 LUNEX PROGRAM - DESCRIPTION

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

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

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

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

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

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

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

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

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

gttempted.

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

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

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

2.3 DESIGN FRILOSOFHY

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

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

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

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

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

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

2.4 ABORT PHILOSOPHY

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

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

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

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

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

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

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

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

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

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

-

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

Full abort system will be provided.

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

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

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

trajectory.
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: n contalns infocmotinn ofading the ull-un! defonse ‘ot the United Statws within the iy of Hhe Expierond Liws, Titie
I:,U.SC Sactinn 743 end 704, Hhe I i o whix ﬂl-mmb-ﬂ”\lﬂlﬂmhwluhh;




'R
1

1 !

o c-

b .
p

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

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

¢. Iupar Terminal

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

d. Iunar Ascent

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

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

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

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

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

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

2.5 EXPEDITION PLANNING

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

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

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

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

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

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

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

SCALE 1:1,000,000

PUBLISHED. BY THE AERGNAUTICAL CHART AND INFDRMATION CENTER,

UNITED STATES AR FORCE
ST. LOUIS 18, MO,

KEPLER
LAC 57

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

15T EDITION DECEMEER T#40

NOTES

This chort was prepared with odvisory ossistance from

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

and €. A, Whitaker,

CONTROL

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

VERTICAL DATUM

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

ELEVATIONS

Al elevoiions are shown is mefers. The reiotive beighits

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

ient of the wrioee undulchonk. The probable error of

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

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

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

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

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

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

3.1 MASTER FROGRAM FEASING CHART

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

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

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

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

3.3 1UNAR EXPEDITTON MANAGEMENT MILESTONES FYE2 - FYE3

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

( .
Several critical major decisions are required and are summarized

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

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

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

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

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

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

3.5 IUNEX SPACE IAUNCHING REQUIREMENTS

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

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

Booster Payload

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

BC 2720 . 134,000 pounds (escape veloclty)

-
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3.6 FPFRSONNEL AND TRAINING

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

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

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

3-T IUNEX CIVIL ENGINEERING FACILITIES SCHEDULE

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

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

CHART III-B
LUNAR EXPEDITION PROGRAM MILESTONE SCHEDULE

CALENDAR

1961

1962

1963

1964

PROGRAM APPROVAL AND FUNDING

ENGINEERING DESIGN AND MOCK-UP

INITIATE HARDWARE PROCUREMENT

RE-ENTRY VEHICLE {90% ENG REL)

LUNAR LANDING STAGE (90% ENG REL]

FIRST MANNED ORBITAL FLIGHT

CARGO PAYLOAD {90% ENG REL)

LUNAR LAUNCH STAGE (90% ENG REL}

FIRST LUNAR LANDING { CARGO TEST FLIGHT)

MANNED CIRCUMLUNAR FLIGHT

SPACE LAUNCHING SYSTEM FLIGHT QUALIFIED

MANNED LUNAR LANDING AND RETURN

PERMANENTLY MANNED LUNAR EXPEDITION

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

MANAGEMENT MILESTONES FY62 - FY63

3 START PRELIMINARY DESIGN (LRV)

{*zammmmxrnzsmu IRV

S — —
& PROGRAM APPROVAL AND FUNDING

1.

ENGI.EERING DESIGN COMPETITICN

3 AND MOCK-UP

Contractor No.1 {Lunex Paylcads)

i

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

[

PDEVELOPMENT - PRODUCTION FUNDING

DESIGN CONCEPT DECISION

| =

F

APPROVAL FOR HARDWARE GO-AHEAD |

r

CONTRACT AWARD

F*F*

LUNAR TRANSPORT VEHICLE FPROGRAM]|

|

% LUNAR EXPEDITION
OGRAM
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PROGRAM SCHIDUE - 6 Years

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

III D

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

IIT-F | LUNEX CIVIL ENGINEERING

cy-62

FACILITIES DEVELOPMENT PROGRAM

1 LUNEX LAUNCH SITE SURVEY

Erc
]
3
-
o
o]

DESIGN INTEGR, LAUNCH COMPLEX

hon L

r-.
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CONSTRUCTION

DESIGN A /B and PAYLOAD INTGR, BLDG

Constr, Payload. Intgr Bld

BEE R o

{

Modif, onetr. A and Payload Bl%a.

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

i Modif, and Constr_B and Solid Bidg
n

¢ DESIGN LAUNCH PADS

- land 2

N Gonstruction

u J and 4

1 5 and 6 (If Required)

™ 3 - 6 Construction

¢, DESIGN SOLID FACILITY

] CONSTRUCTION

/ _

i _DESIGN PROPELLANT MFG FACIL

y CONSTRUCTION

| _
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LUNEX TRAINING SCHEDULE Cr-61
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Implementation of the Luanay Expedition will require a
canpletely integrated program involving the develomient, test,
and production of ltems based on almost every known technical
discipline. These technical disciplibes are presently being
ionvestigated under a multitude of programs and organizations.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

. The ILunar landing Stage must be capable of landing the Lunar
Launching Stage and the lunex Re-entry Vebicle on the lumer surface.
At the presept time this is considered & difficult design problem
because little is Xnown about the lupar surface. Actually the best
photographic resolution to date is approximately £ mile. Many
theorles exist on the formation of the moon and therefore, the
cheracteristics of i1te present surface. When these two factors are
considered the only practical design approach is to provide an
alighting system cayable of lending on an exiremely rough surfsace.
An automatic leveling, orientstion and launching system is required
for system check-out prior to menned flight. Therefore, any
assumption that the Menned Lunar Payload can be moved about on the
lunar surface or that the payloads might initially transfer fuel on
the lumar surface, might be entirely erroneous and jeopardlze the
complete Iunar Expedition effort. The landing stage will also have
to be developed so that it is capable of landing the Cargo Paylda.ds
on the lumr surface.

15, US.C., Sutiion HJ nl 194, the Hoamsmisiion o rovalotion of whith in any maosesr fo On snowhericed urm i pnhlliihd Irf law,

Sl TR epe T OToDetal TTTamES Y .H“g'*?:;'f:f'-ﬂ—!:'-wﬂ"-'ﬁ";—j TamrmEt e, tegewee e a3 L
e L. e - - amae T - .

. I', h Ll 6 - " wm—s—hss -
- 1 " -
s . "'I‘ . . - S

This & tisn offacting the notiosol defénm of the lln!flld Stptes within the ing of tha E Lawi, Title

e




T kg

The Lunax Launching Stage must be developed with a diffexent
. philosophy than the previous sub-sysiems. First, it only cperetes in
&. vacuum of space and on the Iunar surface. Skcondly, it will be
required to function after 1t has been located an the lunar surface
for en extended period vexying from several deys to many months.
Therefore, ihe stage must be developed to launch the re-entry vehicle
after being subjected t0 & better vacuum then available in our best
o earth laboratory facjilities, following possible temperature varigtioms
et of 400 to 500 degrees, following possible meteorite bombardment and
: from & lesg than optimum launch engle. Specifically the stage
develoment must consider propellant boil-off, eutcometic check-out,
self-evection and remote {eerth-moon} launching procedures.

+n dhangtt

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

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

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

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

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

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

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

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

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

4.1.3 CARGO PAYLOAD

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

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

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

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

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

4.1.5 SPACE LAUNCHING SYSTEM

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

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

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

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

(Measured from top of payload)

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

Payload
Weight Unmanned Manned
Pounds Tre jectory Flight - Flight

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

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

k.2 SUBSYSTEM DEVELOPMENT

k.2.1 RE-ERTRY VERICLE
h.21.1

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

ment including particles end radiation, meteorite penetration,

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

&. Body ' 500

(1) structwre 3500
.(2) Heat ghield Looo
b. Wing Group 2000
(1) structure i S
(2) Beat Shield L1200 "
WDLAR-8-458
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c. "con’trol-s;rsw"*‘*"*
. (1) Aerodynamic
- - {2) Attitude

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

¢. Landing Geax

.

Instruments & Displays
Electyic Pover System
Culdance & Navigation

Communi cations

& W P om

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

- -3 )

Lats

175
138
040
h5a

225
175

150

Ti5

1530

T00

250
850

koo

3000

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

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

trolled lending, or with manned operation. Present engineering

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

vehicle design.

§.2.1.3

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

b 2.1.3.1 AERODINAMICS

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

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

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

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

(5) Investigate locsl eritiesl heat transfer problems

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

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

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

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

(3) Develop materials with lov ablative

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

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

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

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

B

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

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

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

(a) Unsteady serodynemic forces at hypersonic
speeds. g

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

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

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

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

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

1370 (U) Dynamic Prablems ia_rugat Vehicles.

1395 (U) Flight Vehicle Design.

€146 (Uj Flight Vehicle Environmental Control.

1309 (U) Flight Vehicle Envirvonmental Investigation.

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

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

h.2.2.2

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

Lunar Landing
Lunar Launch
Trajectory correction
Attitude control
Abort

4.2.2.3

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

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

b k.2.3.2

o Studies of the life support system welight requirements

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

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

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

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

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

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

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

2
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¥.2.3.4

Throughout this develomsent all 1life support knovledge and

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

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

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

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

‘h.a.l;.e

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

4.2.4.3

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

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

of the reguired secondeTy power sources.
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ii.2-5 GOTDWCE AHD CCmKOL EISTKM

fc.2.5-1

A study of the guidanceand 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 is capable of handling
portions of the guidance and control problem associated villi
the above phases of flight. However, in order to obtain s com-
plete guidance and control system, it is felt that development
of the following items should be undertaken.

4.2.5,2 [TERTNAL RATFKCRM

Guidance requirements for both the manned and unmanned
vehicles can be met with the use of guidance concepts based on
the use of inertia! and corrected inertia! 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 |'s needed. This
platform should be light In Height, hifdify reliable, 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  rtGlzingMlectrically  suspended gyros in con-
junction with advanced accelerometera capable of operating in
a space environment. Present electrically suspended gyros are
capable of operating with a drift rate of .0005 deg/ar/g, and
It is anticipated that by 1966, a drift rate cf .0001 deg/hr/g
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