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4. DEVELOPMENT - TEST - PRODUCTION
k.0 INTRODUCTION

Tmplementation of the Lunar Expedition will require a
campletely integrated program involving the development, test, .
and production of items based on almost every known technical
discipline. These technical disciplines are presently being
investigated under a2 miltitude of programs snd organizations.

The Lunar Expedition program will require these technicsl efforts
to be immediately organized and re-oriented where necessary.

This can best be accomplished by preparing s detailed development,
test, and production program. When this program is completed
cach technical arez can be evaluated by comparing its present
rrogram objectives and its required output to meet the Iunay -
Expedition program requirements. In ‘the following paragraphs

the Lunar Expedition develomment objectives and technical per-
formance reguirements are presented. The scope of the major
existing technical progrems and the necessary re-orientation is
disenssed. .

4.1 DEVELOPMENT OBJECTIVES
4.1.1 HIGH-SFEED RE-ENTRY

At the present time high-speed re-entry data in the velocity
spectrum from 25,000 ft/sec. to 45,000 ft/sec. 1s non-existant. In

order to meet the Lunex Re-entry Vehicle development schedule 1t -.
will be necessary to have high-speed re-entry date during the

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

a compressed and coordinated test program for both ground test
facilities and flight testing is necessary.

Immediate action is necessary to schedule and design the
high-speed wind-tumnel test program. This will show the type of
information that can-only be schieved by means of flight testing.

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

In order to accomplish the High-Speed Re-entry flight test
program it will be necessary to design and develop e test vehicle.
This vehicle must use exdsting boost systems due to time limitations,
but the payload will have to be designed especially for this program
since none exists at this time. It is believed that the Atlas booster
vill prove adequate for these tests, but a decision must await the
test peyload design. C
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. The largest single development objective for the m

program is to provide a payload cspable of transporting men and
equipment to the lunar surface and returning them to a selected
earth base. This payloed would consist of a Iupar lending Stage, a
Innar Iaunch Stage and a 3-man Lunex Re~entry Vehicle,

A typicsl Manned Iunar Payload is shown ip a cut-awey view in

N—— Figure 4-1. The characteristics and General Arrangement of the

P Manned Iunar Payloed are shown in Figures 4-2 and 4-3. This payloed
is 52 feet 11 inches long, has the c.g. located 33 feet 8 inches from
L the nose of the re-entry vehicle and the interface diameter with the

' Space Ieunching System is 25 feet. The complete peyload veighs
134,000 pounds at escape velocity, and a 20,205 pound Manned Re-entry
Vehicle is retwrned to the esrth.

The Ianex Re-entry Vehicle must be capeble of entering the
earth's atmosphere with a velocity of approximately 37,000 ft/sec.
At the present time, basic re-eatry information for velocities of
this magnitude does not exist. Therefore, engineering design effort
for this re-entry vehicle mist be accomplished concurrently with
Lt other major sub-csystems 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 IUKEX Program Office.

program is the life support package. The plar.cd schedule will

require tlhe menned life support package to be designed on the basis

of earl primate shots, Mercury shots and the Discoverer series.
e programs lead toward & mamned capebility, but this re-entry

- vebMele requires the first truly svece life support package.

. Another major problem facing the re-entry vehicle development

Tho . The Iunar Ianding Stage must be egspable of landing the Lunsr
= Teunching Stage and the Lunex Re-entry Vehicle on the lun=r surface.
At the present time this is considered & difficult design problem
beceuse little is known about the lupar surface. Actually the best
photographic resclution to date is approximately i mile. Meny
theories exist on the formation of the moon and therefore, the .
charecteristics of its present surface. When these two factors are
considered the only practical design approach is to provide an
R alighting system capable of landing on an extremely rough surface.
=R An automatic leveling, orientation and launching system is required
for system check-out prior to menned flight. Therefore, any
assumption that the Menned Lunsr Payload can be moved about on the
lunar surface or that the payloads might initially transfer fuel on
the Jubar surface, might be entirely erronecus and jJecpardlze the
complete Lunar Expedition effort. The landing stage will also. have
to be developed so that it is capable of landing the Cargo Paylﬁaﬂs
on the lunar surface.
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The Lunar Launching Stage must be developed with a different
. pailosophy than the previous sub-systems. First, it only operetes in
&. vacuun of space and on the lunar surface. Skcondly, it will be
required to function after i1t has been located an the lunar surface
for an extended period varying from several deys to many months.
Therefore, the stage must be developed to launch the re-entry vehicle
after being subjected to a better vacuum then evailsble in our best

o— earth laboratory facilities, following possible temperature variations
e of 400 to 500 degrees, following possible meteorite bombardment and

- from a lesg than optimm launch angle. Specifically the stage
e development mist consider propellant boil-off, sutomatic check-out,
Ao self-erection and remote {eerth-moon) launching procedures.

The Iynar Launching Stage represents the major reliability
yroblem of the system because an abort capsbility is planned for
every phase of the LUNEX mission except during lsunch from the lunar
surface. During the early lunar flights en sbort capebility for

- this phase is Just too expensive payload-wise for the Space Launching
. System. An sbort capabllity during Lunar ILaunch essentially requires
) & duplicate lunar launching capability because the man must still be
SRR _ returned to the earth by either this system, or & special rescue
rorgere flight. Therefore, until lunar support facilities are available e
separate system for sbort during lunar lesunch does not seem practicsl.
- This ereates the requirement to develop an extremely reliable Iunar
.( Launching Stage. . ) .

k.1.3 CARGO PAYLOAD

The successful support of the Lunar Expedition will reguire a
" capability to deliver relatively large Cargo Packages to the lunar
oy surface. These Cargo Packages will be soft landed at the desired
- lunar sites by the Lunar Ianding Stage. Each Cargo Package will
e weigh epproximately 45,000 pounds and will be specifically designed
e to carry the items desired to support the expedition. Development
of the Cargo Peyload and the specific packages will depend upon the
Ianer Landing Stage design and the receipt of lunar envircmmental
date. The actual design of the ILunar Expedition Facility will only
be possible when detailed information on the luner surface 1s available.
Then vith the facility design information the required materials,
equippent, and procedures can be determined =nd e psyload delivery
sequence derived. The required psylosd delivery sequence is essential
before the individusl peyloads can be designed end developed, but
timely develomment of major items of equipment must proceed as their
individual requirements become nown.

4.1.4 ABORT SYSTEM
The philosophy of abort has been presented in the Progrem

N 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 Lunsr Iaunching Stage must be developed with a different
philosophy then the previous sub-systems. First, it only operates in
&. vacuun of space and on the lunar surfece. Skcondly, it will be
required to function after it has been located on the lunzr surface
for an extended period varying from several desys to many months.
Therefore, the stage must be developed to launch the re-entry vehicle
after being subjected to a better vacum then available in our best
earth laboretory facilities, following possible temperature variations
of 400 to 500 degrees, following possible meteorite bombardment and
from a less than optimum launch angle. Specifically the stage
develomment must consider propellant boil-off, autcaatic check-out,
self-erection and remote {earth-moon) leunching procedures.

The Iunar Leunching Stage represents the major relisbility
problem of the system because an abort cepability is plenned for
every phase of the LUNEX mission except during launch from the luner
surface. During the early lunar flights an sbort capebility for
this phase 1s just too expensive payload-wise for the Space Launching
System. An sbort capsbility during Iunar Leunch essentislly requires
8 duplicate lunar launching capability because the msn must still dbe

~returned to the earth by elther this system, or a special rescue
Tlight. Therefore, untll lunar support facilities are available e
separate system for abort during lunsr leunch dpes pot seem practical.
This crestes the requirement to deve10p an extremely reliable Lunar

Launching -Stage.
h.1.3_ CARGO PAYLOAD

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

" eapabllity to delliver relatively large Cargo Packsges to the lunar
surface. These Cargo Packages will be soft landed at the desired
lunax sites by the Lunar Landing Stage. Fach Carge Package will
welgh approximately 45,000 pounds and will be specifically designed
to carry the items desired to support the expedition. Development
of the Cargo Payload and the specific packsges will depend upon the
Iunsr Landing Stage design and the receipt of lunar environmental
data. The actusl design of the Lunar Expedition Facility will only
be possible vwhen detailed information on the luner surface 1s evailable.
Then with the fecility design information the required materisls,
equiment, and procedures can be determined and & payload delivery
sequence derived. The required payload delivery sequence is egsentisl
before the individusl payloads cen be designed end developed, but
timely development of major items of equipment must proceed as their
individnal requirements become Jmown.

4.1.h ABCRT SYSTEM
The philosophy oi‘ abort has been presented in the Program

. Description section of thls document. The development of the abort
equipment will require an integrated effort with the re-entry wvehicle
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design and the test program mast be conducted concurrently to provide
a rellable and safe system for supporting menned operations.

It is essentia]l that the re-eniry vehicle development be con-
ducted so that the life support capsule can also meet the requirements
imposed by the abort eystem. Additionsl 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 ard inltiasting the desired actions at any
required time throughout the lunar mission.

4.1.5 SPACE LAUNCHING SYSTEM

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

The major problems facing the design and develorment of the
LUNEX Payloeds with reference to the Space Iaunching System, concerns
the interface characteristics, trajectory considerations, and earth
launch facilities.

The present prime interface characteristics for the Mamned and
Ca:rgo Iunar Peyloads are as follows:

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

(Measured from top of payloed)

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

Payloed
Weight Unmenned Manned
Pounds Tra jectory Flight '+ Flight

20,000 300 mile orbit Aug 6k April 65
87,000 300 mlle orbit Dec 65 - -
24,000  Escape Velocity Dec 65 Aug 66 .
134,000  Escape Velocity July 66  Aug 67
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The development of & manned lunar payload end & cargo
package requires the development of subsystems and applied
research in many technicel ereas. Studies have established
that the edvences in performence in these technical arcas can
be accaomplished to meei the overall progrem schedules and that
no sclentifiec hreakthroughs ere required. The important point
is that items requiring development be identified, that necessary
funds be sllocsted, and that effort be initiated without delay.
The following sections discuss major subsystem requirements,
present capebilities, and development required. Completed
studies conducted by the Air Force and industry have established
subsystenr regquirements in sufficient detail to ocutline develop-
ment programs vhich should be initiated immedistely. Present
studies will refine these specifications further.

4.2 SUBSYSTEM DEVELOPMENT

L.2.1 RE-ENTRY VEHICLE
h.p.1.1

The manned re-entry vehicle is a critical item in the
development of the mszuned psyload packages. This vehicle must be
capable of returning from the moon and re-entering the earth's
atmosphere et earth escape velocity (37,000 ft/sec.). It must
&lso have the capability of supporiing three men on a 10-day
round trip earth-moon mission. This miesion would include boost
from esrth, coasting in earth orbit, ballistic flight to the moon,
debcost and landing on the moon's surface, remaining on the moon
for one to five days, lsunch from the moon's surface, re-entering
the earth's atmosphere and landing at & pre-selected base on the
earth. Structural requirements imposed by inertial and pressure
loading dwring boost, abort, trajectory correction, landing, re-
eatry, ground handling, and wind loading on the launch pad, have
been considered in anslyzing desired vehicle characteristics.
These studies have also included the heating and its effect on

-». vehicle design as well as the effects of space and lunar environ-

ment including particdles and radiation, meteorite penetration,
and hard vacuum. Present design studies have estimated the total
re-entry vehicle weight at 20,205 pounds. The weight breskdown
is as follows: '

a. Body ' 7500
(1) Structure 3500
-(2) Heat Shield Looo

b. Wing Group 2000
(1) Structure W @OQ.. L
(2) Heat Shield v 1200 S
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c. “Control- Systen "
(1) Aerodynamic
(2) attitude

d. Envirommental Control
(1; Equiment Cooling
(2) Structure Cooling
(3) Cxyogenic Storage

e. Landing Gear

f. Instruments & Displays

g+ Eleciric Power System

h. Guidance & Navigation

1. Communications

J. Furnishing & Equipment
{1) Seats & Restraints
(2) Decompression Chember
(3) EBguipment Compartment
(4) Miscellaneous

k. Life Support

1. Crew (3 men)

n. Radiation

n. Abort System

g2

175

138
k52

225
175

150

T

1530

T00

250
850

wo (

FPresent re-entry snd recovery techniques are outMs
of the bdallistic miseslle program utilizing bellistic re-entry

and parachute recovery.

They are not compatible with the

velocities associated with re-entry from the moon, with con-

trolled landing, or with mamned operation.

Present engineering

date sssociated with high speed re-entry i1s not adequate for
vehicle design.

4.2.1.3

A development-test program is required to obtain
generalized data on re-entry phenomensa and to test scale models
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of selected vehicle configuretions so that final selection mnd
design of an optimm vehicle can be made. Concurrently with
this test program the projects within the applied research
program will be directed s¢ as to carry out the following
investigations to provide necessary dats for the Lunex Re-entry
Vehicle Design.

k.2.1.3.1 AERODYNAMICS

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

(2) Initiate an extensive ground based facility
program directed at obtaining serodynemic and heat transfer
data up to Mach No. 25 (the maximum useable available capebility).
These tests would include the G.E. hypersonic shock tumnel in
the M = 18 - 25 range; Cornell Aeronauticel Leborastory hypersonic
shock tunnel M = 12 - 18; Cornell Aeronautical Laboratory heated
hydrogen hypersonic shock tunnel at M ~ 20; AEDC tunnel "B",
"C", at M = 8 - 10; AEDC E-1 and E~2, M = 1.5 - 6; AEDC super-
sonic and subsonic facilities. 'his effort will be coordinated
with the Lunex Engineering Design program and the High-Speed
Re-entry test progrem.

(3) Correletion of wind tunnel tests in ems of
prediction of free-flight wehicle performance characteristics
in order to provide correlation between ground tests facllities
end free-flight vehicles.

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

(5) Investigate local criticel heat transfer problems
including those associated with fleps end fins. 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 MATERIAIS
(1) Materisls Develorment
(a) Llow conductivity plestic material develop-

ment.
(l) Uniformly distributed low conductivity.

S (DIAR-5-k58
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(2) Teiloring conductivity distribution
. in material in order to obtain high ablation performance at -
surface and low thermal conductivity in structure bond line.

(3) Develop msterials with lov ablative
temperatures.

P— (4) Investigate ‘bonding of materials to
Vs hot structure.

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

(2) Materiels Analysis

e {8) For selected materiasls sbove , develop
o7 analytical model to predict zblation performance and insulation
- thickness.

e (b) Experimentally study material performance
under simulated fiight environments with the use of high
enthalpy arc facilities (h/RTo = 700 to 800).
{c) Study the inflvence of space enviromment
on selected materials. This will inelude the influence of
. vacuum, ultraviolet radiation, and high energy particles.
S 4.,2.1.3.3 STRUCTURES
‘ (1) Primery effort vill be in the develomment of
- load-bearing radisting strictures. For this structure, the
i following areas will be investigated.
(2) Thermal stress enslysis and prediction.

(v) Dynamic buckling

(e¢) Strain gage spplicetions to high tempera-
- tures. - - :
e
R {d8) Experimental simulation on large pcale
wo—— structures of loed temperature distribution, end history. The
WADD Structures facility would be the one most sppropriate to
these tests.
1,12 . WDLAR-S-458
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4.2 1.3.4 DYNAMICS

(1) Anoalytical studies in the following areas should
be undertaken.

(a) Unsteady serodynemic forces at hypersonic
speeds. .

(B) Aeroelastic changes in structural loading
and aerodynemic stability derivatives.

(e) Flutter
(d) Servoelastic coupling with guidance system.
(e) Fatigue due to random loading.
(f) Transient dynemic loading-
L2214
Present projects within the Alr Force applied research
progrem vill be reviewed and reoriented or effort increased, as
appropriate, to provide the necessary data. Projects which can
be used for this purpose are listed below:

6173*(U) Study of Controlled Final Deceleration Stages
for Recovesable Vehicles.

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

1368 (U) Construction Techniques and Applications of
New Meteriels.

1370 (U) Dynemic Problems in_ﬂight Vehicles.

1395 {U) Flight Vehicle Design.

6146 (Uj Flight Vehicle Environmental Control.

1309 (U) Flight Vehicle Environmental Investigation.

6065 (U) Performance and Designed.Deploysble Aero-
dynamic Decelerstions

k.13 _ WDIAR-S-458

This dotumant CeAtoins inlomuﬁm affacting the nuliomi deferse of tha. Unived Stotes within the ing of the E: Lows, 'I'm-
18, U.5.C., Section 793 ond TOL, Fhe ipm or e tian of which In any monner to on anouthorlied perion is pukibll-d by lnw.

R L O e AT LT S el e e e

- T . FR T . .



 NFIBENTIAL,  BORt. -«
a4 " . . to ,’.;.‘- - Ry
bea.s - 7 (~

In addition to the spplied research efforts referred to
in Peragraph 4.2.1.h4 an intensive study of re-entry vehicle
characteristics required for the Lunex mission 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 desirebility of ablative and/or

N radiation techniques for cooling will be determined.
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¢ ( k.2.2 PROPULSION
h.z2.2.1
The Manned Lunar Payload requires a booster capable of

placing a 134,000 pound package at escape velocity on & select-
ed lunar trajectory. This booster develomment has been included

— in the Space Launching System Peckage Plan and its development
o vill be done for the Lunex program.
-.:}-5_ h02-2-2

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

Iyner Landing

- Lunar Launch

.:afcﬁ Trajectory correction
Attitude control

Abort

o ( b.2.2.3

The Lanar Landing Stage must be capable of soft landing at
approximately 20 ft/sec. a 50,000 pound payload on the moon.
) This peyload consists of the Iunar Lesunching Stage and lLunex
Re-entry Vehicle. Preliminary design data from studies completed
to date show that the manned re-entry vehicle will weigh approxi-
S mately 20,000 pounds and a launch stege of 30,000 pounds will be
required. ©Similar estimates for the Lunar landing Stage indicste
that it will weigh 85,000 pounds. During lunar lending, if an
initial thrust to weight ratio of U5 is assumed =s consistent
with the decelerstion desired and time of deboost, sn initial
retro thrust of 60,000 pounds is required. At f£inal touchdowmn
on the moon, with all A v cancelled and assuming essentially all
— : deboost propellant consumed, approximately 10,000 pounds of thrust
G 3 . is required. Scme throttling or gimballing of the engine may be
required at the 10,000 pound level to reduce the.axial component
of thrust. The requirements on the landing engine are for &
60,000 pound engine with a 6 to 1 throttling rstio, or a cluster
of four engines of 15,000 pounds thrust and at leéast one with a
throttling range of 1.5 to 1. Assuming a thrust to weight ratio
of 1.5 {(Moon weight) for the lunar Launch Stage, & 12,000 pound

thrust engine is required for luner lsunth. An engine of the
. ( ezt AT k.15 WDLAR-5-458
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h.2.3.1

The life support backege Por

iy

i

i J

of oxygen, radistion, ete.

Ly N

b.2.3.2

h.2.3.3

Most of the
support (nutrition
for limited periods)
welightlessness anqg
spece radiations.

i
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b.2.3 LIFE suPpRe

the Manned Lunar Paylosa
minimm of 10 days. 7his
~wBy trip to the moon will
,_nndthestayonthelunarsmvfaeewulbeon
The life support system must be capable

Studies of the life support system weight requirements
indicate that the 11{fe Support package ean be Provided vithin
the welight allocati
; _The 1ife support system weight snalysis vas based on
rhysiologieal éxperiments under
Such as confinement, special die
the rresent time appy
Tequired to design the
to obtain the additional data

on for the 20,000 pound Lunex Re-entry

simlated space flight conditions
t8, reducegd mressire, ete.
mately 65 to 70 percent of the knovledge
three man packege ig available.

the BOSS
adequately supported.

date available today consists of physiological

» breething oxygen,

s but there iz & lack of nowledge on rrolonged

the biological effects of exposure 1o prolongsd

The BOSS program initially will support s c¢himpan-
has been programmed to rrovide a
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7930 (u) Bio-Astronsutics
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4.2.% PLIGHT VEHICIR POWER
Lok

b2l

Solar, nuclear, and chemical povered systems were eyal-
uated 8gainst these requirements. While all of these systems

h.2.¥.3

t{ :'.. ,

Close coordination must also be maintained with the manager
of project 3145 (y) Energy Conversion, to insure the availability
of the required Becondary power sources.
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L.2.5 cumance amp CONTROL SYSTRM
b.2.5.1

eqﬁiment. The c_oﬁplete lunar vehicle guidanee Package shouid'
be capeble of furnishing guidance ang control during the foliow-

Ascent ang Injection

Outbound Mid-course

Lunar Landing

Lunex Ascent

Inbound Mid-course

Earth Re-entry

Earth landing

Fresent state-of'-the-art equiment 1s capsble of bandling (
portions of the guidance and control pProblem associated with
the sbove phaseg of flight. However, in order to obtain & com-
plete guidance and control system, it is felt that development
of the following items should be underteken.
h.2.5.2 INERTIAL PLATFRM
Cuidsnce requirements Tor both the manned anad unmarned

vehicles can be met with the use of sddsnee concepts based on
the use of inertisl ang corrected inertial data in a cambination

of explicit and perturbation computations of resent and pre-
dicted trajectories. Consequently, an inertial platform con-

a Bps.ce enviromment. Present eléctricnlly suspended mrros are
cepable of opersting with a arift rate of .0005 deg/hr/g, and
it 1e enticipeted that by 1966, a arift rate of .000L deg/bhr/g

. e
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ascent portion of the mission. 1f 1t ig Possible +o develop a
controllable thyyst engine in time to meet the launch schedule,
the boost ang injection guidance problem for

( Will be simplified as it will be possible to- time -control a
predetermined veloeity path. Thi.. develomment conld rossibly
reduce the accuracy Tequirement of the star tracker,

b.2.5.4 LoNG BASELINE RADTO NAVIGATION

Beccuracy of the guidence ang control techni

radio/rsdar tracking and guidance techniques

bilities for tracking ang guiding vehicles
Present studies Bhow that there. are & mimbe

in cislunar Epace,

r

of rroblems yet
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luner surface hes scuwevhat simplified the lunax lending phase of

the mission. The use of mid-course guidance will enable the

vehicle to approach the moon within line-of-sight of st least

one of the radio beacons, and the beacon can be utilized for

the approach phage of the luner lending. However, for final

vertical velocity measurement, s sensing technique particulerly
— sensitive to mmell veloeity chenges 15 required. A smell CW
e doppler radar is ideally suited for this requirement. Therefore
develoment of & amall, reliable doppler rader vhich can operate
in the lunar enviromment is needed. In order to decrease the
pPover requirement for the radar it should not be required to
operete at a range of over 300 miles. '

b.2.5.6 RE-ENRY GUIDANCE

Anticipetion that rsdio beacons will be in place on the

Major emrphssis must be Flaced on the guidance require-
.- ments for the Ye-entry phase of the lunar mission. Position,
velocity, and attitude can be measured by the inertial system

Fea however, other measurements initially required will be tempera-
i ture, temperature rate; structural lcading and air density.

Extensive further study is needed to define these measurements
vith any accuracy. Eerly earth return equipment should furnish
the dsta necessary to develop the required re-entry guidance
package for the lunar mission.

. k.2.5.7 ADAPTIVE AUTOPILOT
s adeptive autopilot due to the wlde variation in surface effective-

ness. Adaptive autopilots such ss used in the X~15 are available ’
- but extensive development is needed to ready them for use in the

4-‘2. 5-8
The following projects or specific tasks within thege
rrojects ean be utilized to provide the development required
for the LUNEX rrogrem,
; 418 (U) Guidence and Sensing Techniques for Advenced
= Vehicles

40165 (U)Deta Conversion Techniques
50845 (U) Gufdance Utilizing Stable Timing Oscillators
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50899 (U) Molecular Amplification Techniques

427 (U) Sself-Conteined Electramagnetic Techniques
for Space Navigation

—
o 431 (U) Inertial System Components
T 44169-I1 (U) Space Adapted Celestial Tracking System
Lb169-ITT (U) Milti-Heeded Solid State Celestial
Tracker

4i169-1v (U) Solia State Celestial Body Sensors

5201 (U) Inertial Systems "echnique

__ 5215 (U) Military Lunar Vehicle Guidance

;}: 50820 (U) Military lunar Vehicle Guidance Systens

58821 (U) Militery Lunar Vehicle Terminel Guidance

-
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4.2.6 COMPUTER -
® - 4.2.6.1

The United States hes the ability to provide a suitable
camputer fecility at the present time to support the LUKEX
mission. As the milestones in the rogram are realized and
requirements become more complex, the computer cepebility
vill improve to meet these more stringent reguirements.
Detailed studies on the specific needs of the missions,

Vime -phesed, will be conducted to determine trade-offs

emong possible techniques to insure that machine sophisti-
cation does not became &n end unto itself. The following
guidelines providing sdequate flexibility, have been followed
in arriving at the required development recommendations:

8. Manned vehicles will require extensive data re-
duction to give an operator reel-time display of the conditions
around him and solutions to problems such 88, velocity and
attitude corrections, ete.

b. Bensor control (eiming and sampling rate) snd data
processing will be accomplished on the vehicle either on
= ground command, or by operator directiom.

€. Mid-course and terminal guidance requirements will
meke severe demends upon vehicle-borne computational systems. (
. d. Radiation herards and effects which are unknown at
present could influence the technology that will be-utilized
for lunar missions.

€. Fmergency procedures must be available in the event that
the operators become incapacitated and incapable of returning
to earth st any time during the mission. :

h.2.6.2

The Computer Capsbility can be expanded in two basic VRYyS
by improved hardware, ox new concepte. Examples of nev approaches
viich will be reviewed prior to selection of the final vehicle
Gesign are the following:

&. Standardized computer functions incerporated into
modules 80 that they can be uged to "build” the capability _.
each mission requires. Such & concept would allow a vehicle
designer to fabricate & computetionalfacility without resorting
to extensive redesign snd/or re-packiging. The modularized con-
cept noted above 1s particularly adapted to unmenned missions.

P
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SECREPN ., “VONHBENHAL

m w i ? :. 1,
(~ . b. For a manned mission two fixed programs could be

permanently placed in storage; these would be an overall

. command, or executive routine to direct the sequences of
operation, and the other would be an emergeney return-to-base
routine that could be actuated by the master control. 'Thus
& 5~pound tépe unit would replace a larger core memory and
yrovide a higher degree of flexibility. 'The principal aivantage
in this system is that the couputer is general-purpose in design
and therefore usesble on & large variety of missions end unneces-

— sary capabilities will not be carried om a particular misasion.
Eﬁ’r:?.', :.

- ¢. An optimumized hybrid of analog end digitel devices
e combined to use the better features of each, 1.e., speed of
S problem solution fram the analog end precision, flexibility,

and data reduction from the digital.
k0206.o3

Substential improvements in computer capability, develop-
ments, reliability, volume, welght, and power consumption will
e be availsble for the LUNEX program by effoxt expended in the
following areas;

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

cations.
( ) b. Functional molecular blocks. By 1963, the date of
' earth orbit, it is expected that more than 80% of all camputer

. functions can be performed by this method. Advantages are
numerous; high memory densitles, extremely small size, small
velght and proper consumption.

e €. Self-healing, or adaptive rogremming techniques as
& meens for back-up on component reliebility.

— 4. Eleetroluminescent-photoconductive memory devices
should be considered for their radietion and magnetic invulner-
ability. In this regard, pneumatic bi-stable elements should
be considered for he same resson.

€. Fhotochramic storage devices have advantages in
high storage densities, 1 billion bits/cublic inch. Certain

. epplications, such as semi-permanent storage could benefit

=z from this feature.

Cbh26h -

alinilag

The folloving mrojects in the Arplied Research Ares will
be utilized to obtain improvements in computer technology:

3176 (U} Space Borne Computation & Gentrol Techniques
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. h-2.7 CWICATIOES

. k.o.7.1

The manned lunsy mission will require comnunicationg
channelg between the vehicles ang earth and on the lunar
surface for telemetry, T.v., voice, and vehiele control,
Bpecifrie Eystem parameters Will depend on the characteristics
of the groung tracking network ang communications stations
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A secure commmnications link will be g ‘v-Wirement in lster
missions. Throughout aly rhases, comnunications links eritical
to misston syecess should incorporate & high degree of rrotection

. be considereg during f-'in‘al design of the commini cations systems.
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L.2.8  ENVIRONMENTAL DATA
4.0.6.1

Fresent knovledge of the lunar environment ig extremely
limited and it is necessary to obtain detailed information con-
cerning the lunar composition, subsurface structure, surface
characteristics, meteorite flux, level of solar and cosmic
radiation, and magnetic field. This imovledge 18 required to
design the esuipments for the Limex pProgram so that personnel
mey be protected and the mission accomplished.

4.2,8.2

The importance of lunar composition in manned exploration
of the moon lies largely in the ability of the moon to provide
fuel for vehicles and secondary power, as well as to supplement
life support systems with addftional water, radiation shielding
materiel, and semi-permanent shelters. Of these lunar resources,
wvater appears to be of major importance both as & fuel and in
life gupport. Water will probably be present both as ice in
rermanently shedowed zones and as water of hydration in certain
minerals such &s serpentine.

k.2.8'.3;

Fresent knovledge of lunar composition 1s almost entirely
theoretical. The relstively low lunar density (3.3%) indicstes
low metal content. By anslogy with the compositions of meteor-
ites it is generally sssumed thet the moon is composed of chon-
dritic (stony meteorite) materisl. That this acsumption is only
partially valid is demonstrated by the fact that chondritic

. meteorites would have to lose sbout 10% of their iron content.

in order to attein this lunar density.
4.2.8.4

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

L.2.8.5

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