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IV, Potential Missions for Saturn
1X64 80%}5

Introduction: Both the Department of Defense and NASA have

clearly defined missions for the Saturn which cannot be per-
formed by a lesser vehicle, In addition, many missions which
can be marginally performed by less capable vehicles in the
early yearsy will benefit greatly by use of the Saturn. Lastly,
there are, no doubt, missions for the Saturn which cannot be
clearly foreseen at this time but which will come to light

in the normal course of events.

Although the Saturn need is well established, the selec-
tion of the upper stage configurations remains to be made.
Among the many factors to be considered in such a selection,
the mission requirements are among the most important and
caution must be exercised in compromising the potential of the
Saturn to meet these requirements for such expedients as some-
what faster and less expensive vehicle development schedules.

It is thus the purpose of this chapter to review for the
reader the many Saturn applications of forseeable interest to
the Department of Defense and NASA, Having done this, the
relative priorities of the missions will be discussed and the
relatively high priority missions will be incorporated into a
suggested launch schedule. Other NASA projects leading into
and supporting the Saturn projects will be indicated. A fund-
ing plan based on the Saturn launch schedule will then be
developed for the spacecraft and payloads involved.

The chapter will conclude with a discussion of the con-
straints placed upon the Saturn configuration by the missions
and payloads,

NASA Missions and Payloads for Saturn:

- e

The possible NASA missions for Saturn may be indicated
by their payloads as follows:

Earth Satellite Missions Restriction/Classification Cancelled

Unmanned igiﬂ \

Scientific:
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Applications:

1. Combined communications and meteorological
satellite (24-hour orbit)

Technological:

1. Engineering test satellite - general
materials and component tests (recoverable)

2. Nuclear electric system test satellite
(SNAP VIII plus electric propulsion)
: 3. Nuclear rocket test satellite
Manned |
. Laboratories:
| 1. Semi-permanent (preassembled)
2. Permanent space station (assembled in orbit)

Flight tests:

1. Lunar circumnavigation spacecraft
‘2. ILunar landing spacecraft
Staging:
1. Lunar landing spacecraft and supporting
tankers ’

Lunar Missions

Unmanned
1. Iunar 1anding spacecraft
Manned
l; Circumnavigation end reentry spacecraft
(preceded by unmanned flights of this vehicle)
2. Landing and return spacecraft (assembled in

orbit)

- 2 -
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Planetary and cher Missions
Unmanned o
1. Orbiting spacecraft
2. Landing spacecraft
3. Solar probe
Priorities of NASA Missions:

Deveiopmént of a NASA program necessarily implies an assigne
ment of priorities to the above listed missions., Many factors
must be considered in arriving at a priority list, such as:

1. Desirability of mission

a, Scientific
b. Psychopolitical

2. Suitability of mission to evolutionary development of
vehicle and spacecraft. )

3. Engineering feasibility
4, Cost
5. Timing and lead times
6. Need for Saturn as opposed to lesser vehicle
These- factors have been evaluated only qualitatively in
arriving at the following priority list. This 1listing should
be interpreted to indicate generally the order in which NASA
might undertake to develop the equipment required for the indi-
cated Saturn missions, budget permitting.
Group I |
1. Manned lunar circumnavigation
2. Unmanned lunar landing
Group II
1. Planetary orbiter

2. Planetary landing

-3 -
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3. Communication and meteorological satellite
4.  Nuclear rocket test
5. Manned laboratory (semi-permanent)
6. Manned lunar landing
a. Spacecraft and tankers
7. Solar probe
Group III .

) 1. Nuclear electric test satellite

N

Engineering test satellite
3. Orbltlng telescope |

4., Permanent space station

The Group I missions are considered to have top priority within
NASA., Manned lunar circumnavigation represents the next logical
milestone of manned space flight and a natural prelude to manned
lunar landing. The unmanned lunar landing is not only of great
scientific interest but plays a vital role in the development of
manned lunar landings. Although the Centaur should be quite use-
ful on this mission, careful exploration of a landlng area by a
moblle vehicle will require the Saturn,

e

The scientific experiments involved in the landing mission
include:

Local lunar topography
~ Lunar mapping'and‘cartography
Seismic investigations

Magnetic field measurements

. Surface thermal conductivity

1
2
3
L
5. Lunar tides
6
7. Surface chemical analysis
8

Atmospheric measurements

-4 -
SN
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The Group II missions are all important to the nation and
should all be completed if funding permlts. The temptation to -
concentrate on the manned lunar landing at the cost of elimina-
ting the other missions should be rejected. The landing effort
is so great that the amount it would beneflt by such a step
would be relatively insignificant compared to the scientific
and technological loss resulting from such a narrow program.

The Group III missions can, with the exception of the .
telescope and the permanent space station, be adequately handled
with theCentaur for the time period under discussion. The
telescope mission, advocated by the NSF, is currently of small
interest to NASA. The permanent space station is currently of
small interest in this time period.

Description of Missions and Payloads:

The following pages contain descriptions of nearly all of
the payloads and missions listed above. The design approach
doés not in all cases represent the current NASA thinking, but
is sufficiently representative to provide a feel for the problems
involved.
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PAYLOAD - Manned Lunar Circumnavigation

"MISSION OBJECTIVES

a. PURPOSE - To demonstrate manned lunar flight and obtain detailed optical survey of lunar
surface. ' 4 -

b. INSTRUMENTATION - High definition cameras, high defintion TV, voice communication,
and celestial-inertial guidance backed by earth command guidance and pilot control.

c. SUBSYSTEMS - Environmental control, inertial guidance system, pilot control system,
and re-entry body. -

d. POTENTIAL USER - NASA

TRAJECTORY SEQUENCE - Standard escape velocity launch with midcourse, lunar vicinity
and return maneuvers. 150 hours flight time. Steep angle re-entry using ablation heat control
and very high angle of attack for high drag - high lift control of g forces. Glide maneuver
selection of landing point. Parachute or skid landing. ’

WEIGHT AND DIMENSIONS - B-1 - 12,000 pounds - Adequate 2 man vehicle '-
‘ B - 8, 400 pounds Marginal 1 man vehicle

FUNDING ESTIMATE - $200 to $300 million for devclopment

LEAD TIME - 3to 4 years starting in FY 1963

' GROWTH POTENTIAL - Up to 34, 000 pounds with SATURN C. Same re-entry capéule can
'be used for manned lunar soft landing. ‘ | A



LUNAR CIRCUMNAVIGATION
2 MEN

~ MISSION - DETAILED TERRAIN SURVEY
ESCAPE VELOCITY RE-ENTRY
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PAYLOAD - Instrumented Lunar Soft Landing Vehicle

MISSION OBJECTIVES ' o | | - _

-~

~a. PURPOSE - To place stationary and rov1ng instrumented packages on the lunar surface.

b. INSTRUMENTATION - Structure and selenolographic features, atmosphere, temperature,
biomedical effects, and local features for manned fhghts.

"c. SUBSYSTEMS - Auxiliary power .supply (solar cells plus battery), commumcatmns, braking

propulsion, attitude control, terminal guidance.

d. POTENTIAL USERS - NASA

TRAJECTORY - 58-hour transfer, east launch’ from PAFB “vernier injection phase, mldcourse

correction by radio inertial, TV terminal phase. Lifetime of one lunar day and mght for
_SATURN B and 2 or more lunar days and mghts for SATURN B-1.

WEIGHT AND DIMENSIONS - SATURN B - 2600 pounds and 120 mches in diameter, cone

E »conﬁguratmn. SATURN B-1 - 3900 pounds and 120 1nches in diameter by 10 feet long.

FUNDING ESTIMATE - $80 to $120 million for 4 packages.
LEAD TIME - 3!, years starting in FY 1961

GROWTH POTENTIAL - Use of nuclear thlrd stage doubles B-1 payloa.d 1ncreas1ng lifetime
or payload sophlstmatlon. v _



GE-134-2-59
S0 SEP 59







PAYLOAD -" Martian (Venusian).Satellite R o o

MISSION OB JE CT IVES

.a. 'PURPOSE - To orbit the planets w1th a satelhte ‘contai_nin'g“several instrumented probesv" i

for atmosphere and surface study _ _ o L

b. INSTRUMENTATION - Photograph1c and TV coverage and typ1cal radiation, temperature,
atmosphenc, etc R measurmg 1nstruments ‘ '

c. SUBSYSTEMS - Auxiliary power (solar plus battery), attitude control, brak1ng propulsion
communications,- radio link, and probes to be ejected (complete entry body with parachute
deceleration). ' 3 B . ‘ T

d. POTENTIAL USER - NASA.

L/

TRAJECTORY - Near minimum energy transfer: (Hohmann, ellivptical) with flight time up to °

. 260 days (146 days to Venus). Rocket braking for establishing orbit at 1000 Km.

One year lifetime as satelhte for SATURN B- 1 3 months for SATURN B.

. PAYLOAD WEIGHT - SATURN B - Mars 933 pounds

¢ o - - Venus 225 pounds
SATURN B-1 Mars 2365 pounds
Venus 945 pounds

FUNDING ESTIMATE - $20 to $30 'million for development and two packages

LEAD TIME -, 2Y, years sta.rtxng inFY 1962 -

-

GROWTH POTENTIAL - Payload will approx1mately double with nuclear third stage on
SATURNBI . N 4 : - )
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E .’PAYLOA:D - Martian (Venusian) Soft Landing

- MISSION OB JECTIVES

PURPOSE - To place 1nstrurnented package on the planet surface

INSTRUMENTATION - TV and camera coverage, sophlstlcated atmospherlc, radiation,
environmental, b1010g1ca1 etc., experimentation and analysis.

c. ;SUBSYSTEMS - Aux111ary power supply (solar plus battery) communications, radio link
~ to satellites, and entry and soft landing system.

d. POTENTIAL USERS - NASA.

TRAJECTORY - Near minimum energy transfer, flight time of 260 d'aysv\u&o_ days for Venus),
aerodynamic braking, near ballistic entry, parachute landing. Minimum lifetime of 1 year
(3 to 6 months on Venus). :

'PAYLOAD WEIGHT - SATURNB  Mars 1435 pounds

Venus 1350 pounds

SATURN B-1 Mars "3400 pounds
Venus 2830 pounds

'FUNDING ESTIMATE - $50 to $75 million for development.

LEAD TIME - 3 years starting in FY}’1963 (Venus) and FY 1964 (Mars).

: GROWTH POTENTIAL - More sophisticated payload with longer 11£et1me and welghts up to
10, 000 pounds with nuclear third stage.
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- Restriction/Classification Cancelled

MISSION OBJECTIVES R, R
a. PURPOSE - Active real-time repeater for the lohgfrange link of a gIobal communicatibns '
system. ‘ - ' : ' -

b. INSTRUMENTATION - Widéb_and (100 rhcps)’linear microwave ampiifiers, four narrow-

beam (1°) tracking antennas, option of high infor'mation rates or high jam-resistance,
~ redundant equipment for added reliability, and one year minimum operational life. .

c. SUBSYSTEMS - Pos'ition and attitude. control (both to +ﬁZ,"),. telemeteririg, fracking and
command systems, solar power supply (1 KW), and structural and thermal design for
launch and orbit. o

d. POTENTIAL USERS - Military, civilian, and commercial.

TRAJECTORY AND S'EQUENCE - Launch from AMR into »any longitudinal positioﬁ in an -
equational, circular synchronous orbit (24-hour orbit) using inertial injection guidance. Fine ‘

- position control with radio tra._cking and command.

PAYLOAD WEI(_JHT (with SATURN B; payload diameter - 120 inches)

Satellite -~ 3,500 pounds - .
Interface and protection 1, 000 pounds - N
TOTAL 4,500 pounds

F‘_UNDING\ESTIMATE; - R&D, 3 ground sites, hardware for 10 launc’hinga $150 rnillion
(No vehicle cost). ' o

LEAD TIME - About 4 yeais, earliest launch March 1964.

GROWTH POTENTIAL - A low cost',” long-fange communications(aystgm with higher
information rates and longer operational life resulting from the larger payload capabilities of

SATURN C and future subsystem developments.












o5

1.

2.

' LEAD TIME - 5 years

PAYLOAD - Nuclear Propulsxon Test Vehxcle

MISSION OBJECTIVE o - A

a. PURPOSE - To conduct a fea81b111ty fhght test demonstratlon of a nuclear rocket propulelon
(ROVER) system in a remote space env1ronmenta1 site, r.

b. INSTRUMENTATION - deneral nuclear rocket test 1nstrumentat10n and orbit to earth
telemetry. ' :

c. SUBSYSTEMS - Reactor, reacto‘r control system, hYdrogen turbopump and turbine drive
- system, propellant flow control eqmpment, rachatxon shields.

- d. POTENTIAL USERS - NASA AEC and mrhtary

TRAJECTORY AND ORBIT - Standard ascent tra_]ectory to any low a1t1tude semlpermanent

. earth orbit, Standard three- stage chemical vehicle for dehvery of nuclear test stage mto orblt.- :

Permanent orbit is ach1eved after £1r1ng of nuclear stage.». =

B L- .

, WEIGHT AND DIMENSIONS - 35, 000 to 40 000 pounds, ZZO-qnch cylmdncal sectmn, 60 to
','70£eet1n1ength ' B . : e :

: AFUNDING ESTIMATE - Funded under the AEC NA.SA ROVER Program

GROWTH POTENTIAL - The nuclear stage when used as the SATURN thitd stage approxxmately
doubles the SATURN chemical payload capab111ty ’

Ve
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PAYLOAD - Manned Orbital Laboratory .

MISSION OBJECTIVE

a. .PURPOSE - Expenrnental laboratory for matenal testmg,' component testmg, subsystem

testing (ion-propulsion, plasma- propulsion, comxnumcatxon, etc. ), bwmed.lcal research,
" arid other scientific and engmeermg research

b. INSTRUMENTATION - General laboratory eqmpment and living quarters for 6 men

c. SUBSYSTEMS - Non-propulsion power plant, rocket engine, laboratory and control room,
hvmg quarters and equlpment, and return capsule '

d. POTENTIAL USER - NASA

. ~TRAJECTORY AND ORBIT - Standard three stage veh1c1e w1th standard ascent traJectory.

96-minute circular orbit (307 nautxcal mile). 28 to 50 degree orbital mclmatron, or near polar
orb1t Llfetxrne aermpermanent. part time occupied.

. 'WEIGHT AND DIMENSIONS - 30, ooo to 50, 000 pounds, 220-inch cyhndncal body, 30 to

40 feet long, non-rotatmg

 FUNDING ESTIMATE - $50 to $75 rmlhon |

LEAD TIME - 4to5 years startmg m FY 1962

.GROWTH POTENTI.AL Add1txona1 eqmpment and hvxng quarters can be added w1th mcreased
test obJectwes
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" SPACECREW  TRAINING  VEHICLE
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PAYLOAD - Manned Soft Lunar Landing and Return Vehicle (SATURN B-1)

MISSION OBJECTIVES

a. PURPOSE - Earliest possible manned lunar landing based on SATURN capabilities via
orbital refueling. !

b. INSTRUMENTATION - Minimum instrumentation for flight control and navigation with
limited scientific instrumentation, 2 man crew,

vehicle, and orbital supply vehicle.

d. POTENTIAL USER - NASA

c. SUBSYSTEMS - Orbital launched carrier vehicle, lunar launched\return vqhig}e, entry

J

TRAJECTORY - Standard ascent trajectory to 307-nautical mile orbit with three-stage vehicle;
lunar transfer trajectory (58 hours) from orbit; soft lunar landing; lunar escape and direct
parabolic atmospheric re-entry. :

WEIGHT AND DIMENSIONS - Orbital launched vehicle: Take-off weight: 360, 000 pounds,
220-inch diameter; Lunar Launched Return Vehicle: Take-off weight: 44, 000 'pounds; re-entry
vehicle: 10, 000 pound capsule + 1, 380 pound control system.

.FUNDING ESTIMATE - For 2 £Vli-ghts' - Vehicle development: $150 million

LEAD TIME - 6 Years - 4 years starting in FY 1964

- GROWTH P_OTENTIAL - Basic 'sys.tem can provide routine sﬁpply operation for lunar
observatory or other lunar explorations. ' AU '

-
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PAYLOAD - Solar Probe

MISSION OBJ' ECTIV'ES

a. PURPOSE - To place instrumented probe inside MERCURY's orbit,

b. INSTRUMENTATION - Lyman alpha, proton, ‘meteroid and flare stud1es.

vc. SUBSYSTEMS - Att1tude control (solar onented), commumcatmns, data storage and

readout, aux1111ary power (solar)

d. POTENTIAL USER - NASA,

TRAJECTORY - Ell1pt1ca1 orbit similar to near minimum transfer to MERCURY (100 days

- or less). The closest point’is dependent on payload carried. Lifetime is to be 6 months to

1 year.

PAYLOAD WEIGHT - SATURN B 500-2500
SATURNB 1 500-3500

I

_FUNDING ESTIMATE - $15 to $20 mimon

~ LEAD TIME - 3 years startmg in FY 1963

GROWTH POTENTIAL - The use of a nuclear th1rd stage W111 approx1mate1y double the
B-1 payload capab111ty. ‘
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PAYLOAD - JUPITER Probe

MISSION OBJECTIVES

a. RURPOSE - To. place 1nstrumented probe near JUPITER preferably near one of the
‘ larger - Jovian moons. -

)

b. INSTRUMENTATION - Atmosphenc sens1ng, ra.d1at1on and solar flux measuring, and
_ other standard equipment. : . :

c. SUBSYSTEMS - Attitude control auxilliary power supply (nuclear), comrnumcatlons,
temperature and radiation control, data storage and readout, etc.

d. POTENTIAL USERS - NASA,

3. TRAJECTORY - M1n1mum energy with approximateiy - years of flight tlme. Optical incrrial
midcourse guidance. Lifetime is to be three months in Jovian v1c1n1ty. :

4. PAYLOAD WEIGHT - SATURNB 2000 pounds
- SATURN B-1" 2700 pounds

5. FUNDING ESTIMATE - $15 to $20 million,
B

6. LEAD TIME - 3 years starting in FY 1963,

K 'GK(‘)WTH POTENTIAL - Over 4000 poundS‘with the nuclear upper stages on the B-1.

~

~ - s 2
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PAYLOAD - Engineering Satellite

MISSION OBJECTIVES o . '~ : -
a. PURPOSE - To provule data on the many engxneermg problems connected w1th space flight.

b. INSTRUMENTATION - General satellite instrumentation and orbit-earth telemetry.

c. SUBSYSTEMS - Payload container, a.blatmn re-entry body, attitude control system,
recovery system, 60 to 75 individual experiments, and telemetry.

- d. POTENTIAL USERS - All governmenta.l, industrial; and sc1ent1f1c orgamzatlons

1nterested in space flight.

- TRAJECTORY AND SEQUENCE - Standard ascent (two stage) with injection at 100 miles

with excess velocity, coast to apogee at 200 miles and circularized with solid propellant motor.
Attitude controlled using a horizon seeker. Inertia reference is frozen and retro rockets

fired by t1mer to obtam proper pa.th angle and angle of attack for re-entry.

" WEIGHT AND DIMENSIONS - lO 000 to 15,000 pounds, 120- to 220-inch d1ameter, 10 to

15 feet in length

FUNDING ESTIMATE - $15 to $20 rmllxon for two satellites and spare.

LEAD TIME - 2 to 2‘/; years startmg in F Y 1961 (Avaxlatnhty denred for early SATURN
second-stage flights) I

: GROWTH POTENTIAL - Da.ta obtained leads to large, ma.nned orbital labora.tones a.nd

other orbital and orbxtal-return vehu:les. _

g
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- l '.“'éISAYLOAD - Large Orbiting' Astronomical Telescope (50-inch)

2. MISSION OBJECTIVES

a,

d.

PURPOSE - UV spectrophotometry, integrated photometry of selected band widths,
bolometry, and direct photography with filters for stars, nebulae, planets, and
interplanetary matter. -~ ' |

' INSTRUMENTATION - All-reflecting pﬁotoelectric spectrum scanner; bolometer; UV and

IR photometers with photomultipliers, ion detectors, and filters; long-focus optics for
direct photography (TV). = - | -

" SUBSYSTEMS - Coarse Attitude control of whole telescope-to about 1:'0 of arc by wheels

+ jets + momentum arms; 5!'0 hour around 3 axes; fine control of attitude to 0:'03-of arc
(mirrors rotated); slewing; data storage; data transmission; TV (for pointing and direct -

" photography); commands: - 100 +; power: 4 KW,
. POTENTIAL USERS - Astronomers, physicists from universities and government.

TRAJECTORIES AND SEQUENCING - The astronomical telescope is to be placed in the
equatorial 24-hour orbit near the same meridian on which the ground observers are to be
located (e. g., Kitt Peak, Arizona). Lifetime is to be 1 to 10 years.

PAYLOAD WEIGHT - Payload, including attitude control, ‘will be 5, 000 to 8, 000 pounds.
Extra weight would allow more shielding, more batteries, longer life. '

FUNDING ESTIMATE - +$15 to $20 million

- LEAD TIME - 4 to 5 years. Dependé on ABMA (NASA), AURA and individual astronomers.

GROWTH POTENTIAL - SATURN is capable of placing 100-inch telescope into a 24-hour
equatorial orbit. s d 6( .
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1.. PAYLOAD DESIGNATION - Orbital Return Capsule

2. MISSION OBJE CTIVES

a.. PURPOSE - Personntl and cargo transportatmn earth surface - orbxt and return,
capacity 6 to 10 men :

'b. INSTRUMENTATION - Onlysuch as required for mission, no scientific instrumentation

c. SUBSYSTEMS - Environmental control system, flight control system, brake.rockets,
communication system, and flap system for modulated drag

d. POTENTIAL USERS - NASA, ARPA, Commercial

3. TRAJECTORY - ‘Ballistic re-entry vehicle with modulat/ed drag and small CL/Cp ratio (0 3
to 0.5) for most economic orbit - earth surface transportation; no limitation of orbit
parameters; optumzed for 96-minute orbit

4, WEIGHT AND DIMENSIONS - Nominal 10 000 pound capsule for 6 people or 15, 000 pound. for
10 people, 15 to 20 feet in length, 10 to 15 feet in diameter

5. FUNDING ESTIMATE - $60 million
6. LEAD TIME - 3%, years if started in FY 1962 ; o -
7. GROWTR POTENTIAL - Personnel and cai'go capacity can be enlarged by more than 100%

up to single SATURN payload ¢apability if required at moderate cost
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'MISSION OBJECTIVES

PAYLOAD - Mahnedv-'Méneﬁgpgable;,,f’f’Recov'erable Orﬁitél Vehicle

e

a.” PURPOSE - To provide a space maneuverable and recoverable military surveillance

vehicle, or orbital control station, offensive weapons launcher and a space taxi. Also can
be used for transporting maintenance crews and spare equipment for unmarined satellites.

b. INSTRUMENTATION - Depe_‘nderit on specific mission.

c. SUBSYSTEMS - Flight control éystem, environmental control system, variable thrust
maneuver propulsmn system, commumcatxons system, and other subsystems as requ1red ’
by specific mission.

d. POTENTIAL USERS - Military and NASA,

TRAJECTORY SEQUENCE - Standard ascent to mission orbit and perform mission. Orbital
capability. 10 to 30 days. Re-enter at steep angle, high drag, high lift for g control with
ablative entry and fmal glide for landing site selection.

WEIGHT AND DIMENSIONS - 25, 000 to 35, 000 pounds (requu'es SATURN B-1 for wmged
vehicle). :

'FUNDING ESTIMATE: $300 million for development

LEAD TIME - 4 to 5 years starting in »FY 1963.

GROWTH POTENTIAL - Up to 90, 000 pounds with SATURN C, which wou.ld gwe extenmve
maneuvering fuel capability.

S e
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Restriction/Classification

SRy

. ,  Cancelled s
TYPICAL NASA SATURN MISSION AND VFHICLE RE YUIREMENTS
Calendar Year
1963 1964 1965 19566 1967 1068 1969 1970 REMARKS
Launch Total 1 L 6 7 10 10 14
MISSIONS
I. Manned Space Flight
(* manned missions)
A. Lunar Circumnavigation
1. Capsule qualification
a. Low orbit 1 1 Does not spe01fy minlmum
Saturn -
b. Circumlunar type 2111 | 111 {11 Would require Saturn B-1 by
orbit end of series
2. Manned missions -
a. Low orbit 1% Does not specify a minlmum
czxx| o Lx y Saturn ‘
b. Circumlunar "%y 1 1 May require Saturn B-1
(10,000 pounds minimum)
B. Lunar Landing
1. Rendezvous experiments
with tanker & laboratoryj 1.1 May require Saturn B-1
(37,0004 1bs in 300-mi.
orbit)
2. Assembly in orbit 111111)111111 May require Saturn C (60,000
to 80,000 pounds in 300-mi
orblts
3. Landing X? Depart after assembly in orbit.
Second manned if first succeeds
C. Orbiting Laboratories
1. Semipermanent 1¥ 1¥ Saturn B-1 preferred.
II. Satellite Applications Does not specify a "Minimum"
Saturn
A. Meteorological and Com-
municatilon satellite 1 1 111




Restriction/Classification

. - - o . - - -Cancelled AL
Typlcal NASA Saturn Mission and Vehicle Requirements (coppinued)
- ~___ Calendar Year L -
MISSTIONS 1963 | 1964 | 1965 | 1966 | 1967 | 1968 | 1969 | 1970 REMARKS
III. Lunar Expiqration (unmanned) Does not specify a "minimum"
' : - ‘Saturn
A. Soft landing 11 1 1 1 111
IV. Planetary Exploration Does not specify a "minimum"
: Saturn ’
A. Orbit 1 1
B. Land 1 11
V. Technological May require Saturn B-1
A. Nuclear rocket test 1 1 (30,000 pounds in 300-mi.

orbit)




Restriction/
Classification
Cancelled

Typical NASA Program Feeding Into Saturn Projects

Calendar Year

.

Program Area 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 Remarks
Manned Space Flight L o : :
:A Proje¢t Mercuryk A ’ : .| ‘ o
B Maneuverable capsule ) A > B -Techniques applied
B ' to lunar and
C Lunar circumnavigation rendezvous
' ' capsules =
1. Technological development ccc cccC .1- Scale models
(Hyperbolic reentry and
guidance) ‘
2. Capsule qualification . Full scale space-~
‘ craft
Earth vicinity S———m——
Circumlunar N ——
D Lunar landing
1. Rendezvous experiments . (Item B contributes) S—> Experiments with
: tanker and orbit-
ing laboratory.
2. Landing experiments on Unselected boosters "Land" above
earth atmosphere and in
desert
3. Assembly in orbit S |
E Orbiting Laboratories (Item C-2 contributes) S —3



Typical NASA Program Feeding Into

Program Area_

Restriction/Classification

Cancelled

Saturn Projects . (Cont)

Calendar

AL

Year

- 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 Remarks
Satellite Applications ~ : C S
A ' Meteorology SRR
1. Preliminary (TIROS) TD—,—)‘ |
2. 'Earth oriented (800 mile) . © L TAG~ SAAG or C
3. Earth oriented (24-hour) S Share with
, ‘ communications
. B Commun;cations o i
o 1. Reflector TD > AAG > Go to rigidized
0 . strucpures )
2. Repeater AAG— > C >3 -3 Militafy program
: primarily
ITII ILunar Exploration (Unmanned)
A Orbit A A C > Select site for
manned landing
B Land VvV ccc ccce S and C ¥ Good mission for

Saturn if reli-
ability holds up
manned effort

’



Restriction/
Classification AL
Cancelled

Typical NASA Program Feeding.Into. Saturn Projects (Cont)

Calendar Year

o FRoRREn, Jree 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 Remarks
IV Planetary Exploration . R .
A Fly by - (vv) vy
o Test
5ol | A cc s —
¢ . Land s )

v Technologiqal Developments .

A Recoverable  materials

. and components S >C A
]
S '
o B  Nuclear electric ‘test SRR A
! - satellite ' e ,}“-_ : C ‘
o ‘ ' '
KEY:
~TD = Thor Delta
A = Atlas _
TAG = Thor AGENA
AAG = Atlas AGENA
V= Vega T
= Centaur V
S = Saturn

Piggy-back rides
on early "unloaded":
Saturns S

Saturn not re-
quired for test
period



—'['[—

Restriction/Classification
Cancelled

TYPICAL SATURN SPACECRAFT AND PAYLOAD DEVELOPMENT COSTS

Calendar Year

1965

1968

MISSION 1960 | 1961 | 1962 | 1963 | 1964 | 1966 | 1967 TOTAL REMARKS
I. On Previous Saturn Schedule ‘ _ .
1. Manned lunar circumnaviga- 20 60 80 Lo 20 220 2 plus 1 spare
"~ tion A , , R IR
2. Unmanned lunar landing 5 10 30 Lo 20 10 , 115 3 plus 1 spare
3. Planetary orbit 15 25 10 5 55 2 plus 1 spare
4, Planetary landing 24 Lo 16 8 88 2 plus 1 spare
5. Communication and Meteoro- ' . o ‘ i ‘
logical satellite 15 45 60 .30 15 165 10
- 6. Nuclear rocket test satel- : : o :
lite (no reactor costs) 8 16 24 24 8 L 84 1. plus 1 spare
7. Manned laboratory (semi-: ' ' ' . ’ _
permanent) ) 10 20 30 30 10 5 , 105 1 plus 1 spare
8. Manned lunar landing 20 60 80 4o 20 220 | 2 plus 1 spare
Spacecraft ‘ :
Tanker |
9. Solar probe 6 10 4 20 1 plus 1 spare
Total cost (Millions) 25 70 | 128 | 146 | 198 [ 234 | 155 | 82 | -24 1072
: " <~ ®Drop |doubtflul
II. Others
1. Englneering test satellite 20 2 plus 1 spare
2. Jupliter probe 20 1 plus 1 spare
3. Orbiting telescope 4o 1 plus 1 spare
4, "Taxi" for orbiting lab. .
and refueling operations 60




DEPARTMENT OF DEFENSE MISSIONS AND PAYLOADS

Current thinking of the Department of Defenée on its required
satellite missions and payloads is summarized in the following
table: - :

Altitude ‘Weight

N. Mi, Lb. Time

COMMUNICATIONS 5600 Polar 500 1960

. 24 Hr. equ. 1200 1962

24 hr. equ. 5000 1963
RECONNAISSANCE 300 3000-5000  1960-62
: . 300 7000-~10,000 1962-69
1000-6000 10,000 1965

BALLISTIC MISSILE 100-200 "~ 5000-10,000 1963
DESTROYER (SPAD) 300 15,000~-25,000 1964-66
- 300 35,000-70,000 1966
SATELLITE 300-500 8000-15,000 196466
INSPECTOR 300-1000 25,000~35,000 1966-67
1000-24 hr. 40,000-70,000 1968
ELECTRONTC COUNTER- 150-300 1000-3000 1962-64
MEASURE SYSTEMS 300-6000 8000-12,000 1964-68
\ 300-24 hr. 40,000-70,000 1968

Communication capabilities are essentially paced and limited by the
availability of launching vehicles. The 5600 nautical miles polar
orbit with 500 1lbs. payload is based on the ATLAS AGENA vehicle.

The first 24 hours syncronized equatorial communication satellite
can be achieved by the ATLAS CENTAUR vehicle with a payload capabil-
ity of 1200 lbs. If and when higher payload in orbit capability
becomes available, communication mobile video channels, satellite-
to~-satellite relay, and finally relay from other satellites such

as reconnalssance and early warning will become feasible.

- 12 - /
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Detailed discussion of the advanced communication satellites and
of Dyna Soar follows: . .

Advanced Communications Satellites

1. Statement of the Problem

Military communications satellites will require heavier pay-
- load capabilities than presently available. Several military
satellite communications systems are under active development or -
'study. The present system planning will culminate in a 24-hour
synchronous orbit communications satellite which would be placed
at an altitude of 22,300 statute miles above the surface of the
earth and would be synchronized with the rotation of the earth.
Three symmetrically spaced satellites would provide world-wide
communications with the exception of two small areas located at :
the Poles. The requirements on the vehicle which will establish. -
such a satellite system are extremely severe and rigid. The sat-
ellite must not only be lifted into the 22,300 mile equatorial
orbit, and the orbit changed from 28°% to equatorial, but also must -
be accurately positioned in its orbit. PFurthermore, the payload
itself is required to maintain its station with small tolerances
and in perfect synchronism with the earth, Communications an-
tennas are necessarily of a relatively narrow beamwidth to obtain
best efficlency, and therefore require accurate pointing, which
in turn requires accurate attitude stabilization of the satellifte.

Several modes of communications from such a satellite system
stand out as being highly desirable from a military point of view,
These may be categorized into communication between ground sta-
tions; communications between satellite and a mobile stations,
such as airplanes, ships, moblile communlcation vans, etc.; com-
munications between the satellites themselves, which 1s neces-
sary for true world-wide coverage; and, possibly, communications
from the ‘communications satellite to a reconnaissance satellite
in a conslderably lower orbit. Thils last mode of operation
would enable the reconnaissance satellite to relay collected
intelligence information back to the United States essentially
instantaneously. .

In the discussion to follow, the capacities for communi-:
cations of the various satellite configurations are discussed
in terms of the number of voice channels or the number of video
or television channels that they can handle. The system design
and subsequent discussions are based on the building block
approach, starting with a repeater in the satellite consisting
of a basic group of eight rf channels. This concept agrees
closely with the presently planned system for the first 24-hour

- 13 -
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communications satellite, and appears to have considerable
merit for future systems. If additional channel capability
is required, more channels (and requisite power supply capa-
bility) may be added. The numbers that are provided in this
report are based on information theory and the best estimates
on welght of communication equipment, stabilization equipment,
and electrical power conversion equipment which can be made at
this time.

A certain amount of fixed equipment of a non-communication
character 1is required for any satellite., The additional weight
of communication equipment required increases as the informa-
tion capacity increases at a rate which i1s a little less than
the rate of increase of the electrical power requirement. The
electrical efficiency of power supply equipment increases with
size. For this reason, as can be seen from the weight dis-
tribution figures shown in paragraphs 2, 3 and 4, a large pay-
load uses weight more efficiently than a small payload and,
therefore, additional communications capability can be ob-
tained.

In discussing the military communications capability of
satellites which may be of interest to the DOD, consideration
must be given to anti-jam (AJ) protection of the communica-
fions channels. It is bellieved that an AJ capability must
be available in any military communications satellite system
and, for thls reason, the AJ capability is considered an
integral part of any and all payloads discussed herein. The
AJ protection as discussed in the charts to follow is real-
ized by spread spectrum techniques, where the information is
properly coded and transmitted at a relatively low power over
a very wlide rf band. For example, a 30 db AJ protection takes
a normal rf carrier and spreads.its frequency spectrum 1,000-
fold over the available rf spectrum. At the receiving end,
this process 1s reversed and the signal is recovered from a
low level spread spectrum into a usable communications channel,

Paragraphs 2, 3 and 4 zive a detailed description of the
estimated communication capability of three different booster
configurations. Paragraph 5 presents in summary form .the
resulte of these calculations. 'The figures given in this
report should be considered as examples based on the eight
channel building block concept. Obviously, many different
combinatlons are possible. Furthermore, it is assumed that
ground station equipment development will keep pace with the
satellite and booster developments to take full advantage of
the increased communications capability.

- 14 -
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2. Present Concepts for a 24-Hour Communications
Satellite Utilizing the ATLAS-CENTAUR Booster,
with a Payload Weight of 1200 Pounds in Orbit

2.1 Communications Payload

The communications payload for a 24 hour satellite which
1s presently planned as Project DECREE will consist of a
1200-pound active repeater satellite. This satellite will
have the capability of providing communications between points
on the ground, using 60-foot diameter tracking antenna dishes.
The satellite will operate at an rf frequency of 2 kmc and
will contain eight rf repeater channels with a transmitter
power of one watt each. The satellite will require 280 watts
of primary power. The satellite, as presently envisioned,
- will be capable of providing 96 channels of voice commun:!.-=
cation from ground to ground with 30 db of AJ protection.
It will not be able to provide a video channel, due to signal-
to-noise limitations. The satellite will not be able to
provide communications facilities to mobile stations, nor will
it provide communications between communications satellites,
nor from the reconnalissance satellite to the communications
satellite. A summary of the communications capability of the
DECREE satellite system is given in Table I.

TABLE I

Communications Capability
of the DECREE Satellite System

Booster: ATLAS CENTAUR
1200 1bs. in 24-hour orbit

Chiannel Capacities

Terminals Voice Video
I. Ground to ground - 96 0
(60' dish) , 30 db AJ
II. Satellite to mobile 0 0
(3' dish)
ITI. Communications Satellite to 0 0

Communications Satellite

IV. Reconnalssance Satellite to 0 0
Communications Satellite

- 15 -
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2.2 DECREE Satellite Weight Breakdown
Table II gives an estimate of the weight breakdown for
the 24-hour satellite for the ATLAS-CENTAUR booster. It is
to be noted that the communications weight is 38% of the

total; whereas the antennas, structure, station-keeping, and
attitude control functions require 62% of the weight.

TABLE II
Weight Breakdown for Decree Satellite

Equipment o Weight (Ibs.) % of Total
Communications - : 170 38
Power Supply 280
Sﬁation—keeping, attitude 560 62
control, etec.
Antennas and structure 190
' 1200 ' ' 100

2.3 Number of Vehicles to be Used in an R&D Test
Program

At the present stage of planning, seven vehicles are
proposed for the R&D testing of a 24-hour satellite concept.
The various vehicles will be fired in an orderly engineering
manner to test the various aspects of the communications
satellite system, including placement into orbit, station-
keeping, attitude control, oriented power supply capablility
and reliabllity of the communications package. It is clear,
of course, that in order to provide an operational system,
three satellites have to be stationed into specific locations,
which requires additional vehicles beyond those quoted here
for R&D testing of single satellites alone.

2.4 Launch Schedule
The launch scheduling depends primarily on the avail-
abillty of the CENTAUR vehicle. Present plans call for the

first flight test in September 1962, one launch every two
months thereafter and completion of test in September 1963,

- 16 -
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2.5 Cost Estimate

Total cost for the DECREE program as presently planned,
including the procurement and launching of seven ATLAS-
CENTAUR vehicles, is estimated as $90,QO0,000.

3. Saturn Bl 3-stage Vehicle Communications Satellite
Capabilities

Tt is anticipated that the Saturn Bl 3-stage vehicle can
place 5200 pounds into a 24 -hour synchronous orbit. The com-
munications system described below is based on this welght
estimate. The satellite for this system could contain eight
rf channels operating at 8 kmc with a power output of 100 watts
each. It will require approximately 8000 watts of primary
power for the communications system. This system can provide
communications between points on the ground using 60-foot
diameter fixed antenna dishes. In this mode of operation, it
can provide 960 voice channels with 40 db AJ protection, or
an alternate configuration can provide eight video channels
from ground to ground. Otherwise, the system could provide
96 voice channels with 30 db AJ protection in a satellite to
mobile station operation. The mobile station 1s assumed to
have a 2-foot dish which must track the satellite. An alter-
nate configuration would be eight video channels from the
satellite to the mobile station. This system can provide
communications between two communications satellites of 96
voice channels with 30 db AJ protection or eight video chan-
nels. It is to be noted here that the allocation of the
channels between ground to communications satellite and
between communications satellite and communications satel-
lite depends upon the system user. The figures given refer
solely to the capability of the active repeater in the satel-
lite. This system will not provide a capability for communi-
cating from a reconnaissance satellite to the communications
satellite. The radio frequency of 8 kmc has been chosen as
an advance over the 2 kmc which will be used in the ATLAS-
CENTAUR configuration. There are important advantages in
using higher frequency, and at the time scale of development,
the component requirements for operating of 8 kme can expect
to be avallable. Table III gives a summary of the communi-
cations capabilities of this system.

- 17 -
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TABLE III

Communications Capability of Saturn Bl Séteilite
System - 5200 Lbs. in 24-Hour Orbit

Terminals - Channel Capacities
‘ Volce . video
I. Ground to ground 960 8
(60' dish) 40 db AJ :
JII. Satellite to mobile 96 8
(2! dish) 30 db AJ
III. Communications Satellite 96 8
to Communications Satellite 30 db AJ
IV. Reconnaissance Satellite to o

Communicaticns Satellite

3.2 Welght Breakdown of the Communications Package
for the Saturn Bl 3-stage Vehicle

The communications portion consisting of the electronics
required for the active repeater functions are estimated to
weigh 1200 pounds., The electrical power supply required to
drive this system can be obtained from 1500 pounds. Station-
keeping, attitude control, etc., require approximately 2000
pounds, since the attitude control is particular must be
relatively accurate for optimum utilization of the narrow
beamwidth of the communications antennas. The antennas and
the remainder of the satellite structure is estimated to weigh
500 pounds. Table IV gives a summary of this weight break-
down. :
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TABLE IV
Welght Breakdown for Saturn Bl Satellite

Equipment Weight (Lbs.) % of Total
Communications 1200 ; ‘52
Power Supply : 1500 .
Station-keeping, attitude 2000
control, etc. 48
Antennas and structure - 500
Total - — 5200 00—

8 rf channels @ 8 kmec
100 watts each .
8000 watts primary power

3.3 Required Launch Vehicles

It 1s estimated that not less than four satellite payloads
in orblt will be required for successful completion of the R&D
phase. The total number of launch vehicles will depend on the
reliability of booster and upper stages.

3.4 Launch Schedule

Satellite and communications payloads can be made avail-
able by mid-1963. Launching should be scheduled at a rate of
one firing every two months.

3.5 Cost Estimate

Cost for development and fabrication of eight complete
satellite payloads is estimated to be $40,000,000, Cost for
procurement of vehlcles and launch cost are not included.

L, Saturn B2 L4-stage Vehicle - 7800 Pounds in a 24-Hour
Orbit : ‘

4.1 Communications Capability

The communications capability of this system is enhanced ~

- 19 -
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primarily by the additional weight which allows additional

rf power, more redundancy and some additional capability,
primarily in the reconnailssance satellite to communications
satellite area, The satellite communications package consists
of ten rf channels operating at 8 kmc and two rf channels
operating at 12 kmec. The transmitter power of each channel

is 100 watts, It will require 12,000 watts of primary power.
The additional in-orbit welght capability of the 4-stage
Saturn Bj booster provides the capability to receive informa-
tion from reconnaissance satellites via communications satel-
lite to the ground for an instantaneous relay of the collected
reconnalssance satellite information, The two rf channels
operating at 12 kmc are assigned to the relaying of recon-
nalssance satellite information. The choice of this frequency
allows a certaln amount of AJ protection, since this frequency
1s attenuated by the atmosphere and therefore provides some
power advantage over a ground based jamming transmitter,

This communications system will provide ground to ground com-
munication capability, using 60-foot diameter fixed dishes,

It will provide 1200 voice channels with 40 db AJ protection
and two video channels., Or it will provide ten video chan-
nels from ground to ground, plus two video channels from
reconnaissance satellite to the communications satellite.

In a different mode of operation, the system can provide

120 voice channels with 30 db AJ protection from the com-
munications satellite to a mobile station, using a 2-foot
diameter dish., Or, it may provide ten video channels from
satellite to mobile station. 1In addition to either of these
modes, it can always provide two channels of video informa-
tion. The system can provide communications from communi-
cations satellite to communications satellite of 120 voice
channels with 30 db AJ protection, plus the two video chan-
nels, or it can provide ten video channels plus the two
special video channels, using the 12 kmc frequency. The
system can provide two video channels from a reconnaisg- -

sance satellite to the communications satellite and from

there to the ground.

The communications capability here is primarily
desligned to provide the reconnalssance satellite to com=-
munications satellite link. For this reason, two special
rf channels were set aside. However, other distributions
are possible, but the limited scope of this report does not
permit to list alternate approaches., It three satellites
are spaced equidistant in an equatorial orbit around the
earth, complete world-wide coverage can be obtained, and
it is toward this goal that such a large number of chan-
nels becomes a true advantage. In a complete global

- 20 -
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communications system using these satellites, all of these
channels are not available from ground to ground since some
of them must be used to relay the information from one com-
munications satellite to one of the others for retransmittal
to a distant ground station not in view of the first satel-
1ite. However, to obtain a meaningful comparison, the number
of channels quoted represent the capabllity of the active
satellite repeater, regardless of the channel assignments
made by the channel user of the system. Table V shows a
summary of the communications capabllity.

- TABLE V

Communications Capability of Saturn B, Satelllite System

. _ 7800 Ibs. in 54~Hour Orbit

: Channel Capacltles

Terminals Voice : Video
I. Ground to ground 1200 4 2% 10 £ 2%
_ (60! daish) LO db AJ
II. Satellite to mobile 120 4 2% 10 # ¥

(2' dish) 30 db AJ .
ITI. Communications Satellite 120 /£ 2% v 10 £ 2%

to Communications Satel- .

lite , 30 db AJ
IV. Reconnaissance Satellite

to

Communications Satellite - o%

10 rf channels @ 8 kmc
*#2 rf channels @ 12 kmc
100 watts each :
12,000 watts primary power

4,2 Weight Estimate of the Communications Satellite.

Table VI shown the weight estimate .for the system.
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TABLE VI
Weight Breakdown for Saturn B2 Satellite

Equipment L  Welght (Ibs.) % of Total
Communications - B 1800 ; 55
Power Supply . 2500
Station-keeping, attitude ‘ _ 2500
control, etc. ' ' 45
Antennas and structure . 1000
Total 7800 100

4,3 Reqﬁired Launch Vehicles

Six complete satellite payloads in orbit will be
required to achieve all R&D objectives. The total number
of launch vehicles will depend on the reliability of booster
and upper stages.

‘4.4 ‘Launch Schedule

satellite payloads can be made available by early 1964,
Launching should be scheduled to begin after completion of
the earlier 5200-pound test phase, at a rate of approximately
one every two months,

4,5 Cost Estimate

Cost for development and fabrication of six complete
satellite payloads is estimated to be $60,000,000, Cost
for procurement of vehlcles and launch cost are not included,

5. SUmmary of Communications Capability
In order to allow a comparative evaluation of the capa-
bilitles and advantages of large boosters for communications

" satellite applications, the data discussed in the previous
paragraphs are summarized in Table VII. Table VII follows,
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II.

III.

Iv.

SRHETRRN b,
TABLE VII

Military Communications Capability Active Satellites
24-Hour Orbits

ATIAS-CENTAUR SATURN By = SATURN B
(3-stage} (4-stage%
1200 1b, . 5200 1b, _7800 .1b.
Voice Vldeo Voice Video Volce Video
Ground to ground 96 0 960 " 8 .. 1200 A 2* 10 / 2%
(60' dish) 30 db AJ LO dab~"AJ : N " 40 db AJ- ..
Satellite to mobile 0 0 96 8 120 £ 2% 10 £ 2%
(2' dish) 30 db AJ 30 db AJ-
Communications sat- 0 0 96 8 120/ ~2%10 £ 2%
ellite to communica- 30 db AJ 30 db AJ-
tions satellite .
Reconnalssance sat- 0 0 2%
ellite to communica-
tions satellite
8 rf channels @ 8 rf channels @ 10 rf channels @ 8 kme
2 kme 8 kmc #2 pf channels @ 12 kmc
1 watt each 100 watts each -100 watts each
280 watts primarySOOO watts primary 12,000 watts primary
power power power
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Table VIII represents the respective welghts.

TABLE VIII

Military Communlications Satellites

24-Hour Orbits
/ .

Components ATIAS-CENTAUR ~ SATURN B, SATURN B,

Weight (Ibs.) -~ Weight (Ibs.) yeight (Ibs.)
Communications 170 | 1200 1800 |
Power supply 280 | 1500 2500
Station~keeping, 560 - 2000 '2500
attitude control, . .
ete.
Antennas\and
structures 190 500 1000
_ TOTALS 11200 5200 7800

It canberconcludedlfrom thediscussion:ahd the summary tables
that there 1s a definite need for large boosters for military communl-
cations application, The data in this report should only be consid-
ered as a reasonably realistic estimate of the communications capa-
.bilities requirements and welghts required for the various communi-
cations satellite systems contemplated., The bullding block approach
to the design permits a flexible application of the capabilities of
each satellite to meet the mllitary needs as they may crystallize
during the time span required for the design of the system. This
approach also provides flexiblllity as to the weight of the payload
into orbit and furthermore may allow for the possibility of combining
a communlications satellite with other payloads as may ‘be desired in
the future. Also, in an operational system, the larger number of
similar channels provide redundancy which in turn enhances the
inherent relliabllity of such a satellite system. Some of the addi-
tional weight which can be provided by the larger boosters will be
used to bulld inherently more rellable systems of longer useful
1ife so that theeconomlics of firing the booster wlll not be over-
-ghadowed by the reliabllity aspects of keeping a communications

- 24 .
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satellite in operation in'orbit.

The above discussion indicates that even such a large orbital
payload as 7800 pounds in orbit will not satisfy all of the military
needs which are reasonably expected for the period under considera-
tion. Whereas the number of voice channels and teletype channels
appears to be adequate for some time to come, additional require~
ments will develop on world-wide video channels and particularly
on relay links for information and command of military satellites
and space vehicles of .differmnt kinds,.particularly in the area of
relay of information from reconnalssance and early warning satel-
lites. Employment of large military space stations, and later on,
deep space probes, will require communication and data links which
would advantageously operate in frequency ranges above 10 kmec.
These very high microwave frequencles will not penetrate the ion-
Osphere, but wlll allow high gain antennas of reasonable size and
very long ranges and limited rf power.

. Communications satellites of such capabilities are beyond
the payload capablility of even the Saturn B1 vehicle.
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Dyna Soar

A.

B.

PRS- o

Integrated listing of possible missions
1. Global Dyna Soar Military Test System
2. Interim Weapon System utilizing a maximum
of DS Test System Hardware. Possible
‘missions are
a. Reconnaissance
b. Satellite Inspector
¢. Earth-to-orbilt transport

Description of Missions, Payload, and Development Plan

1. Dyna Soar Program. The obJjective of the DS

program is to explolt military weapon systems operating in
the hypersonic and orbital flight regimes. The DS Program
is comprised of three steps, which are scheduled so that
significant data from the previous step is available prior
to comitting large amounts of money on a subsequent step.
The followlng describes those steps.

a. Step I. - The objective of Step I is to
explore the rlight regime, demonstrate maneuverability,
demonstrate controlled landing, and perform testing
with an approximately 330 ft2 single place hypersonic
glider. That glider is sized by the 1000# test payload;
the maximum gross weight will be approximately 10,000#.
The booster will be a modified Titan ICBM and impart
velocities of 19,500 to 22,000 ft/sec to the glider,
dependent upon glider loading. The aforementioned
velocitles are less than orbital and as a result, Step I
will fly on the Atlantic Missile Range only; the glider,
however, will be designed for reentry from orbit.

Figure 1 shows the schedule for Step I and subsequent
steps. '

b. Step II. - Step II is subdivided into Step IIA
and Step IIB. Possible application of the Saturn vehicle
to Dyna Soar are to be found in Step II.

Step IIA. - Step IIA is a military test system
which representa a logical extension of Step I, previously
described. Step IIA will utilize the same basic glider
(330 e - 10,000#) as employed in Step I but with a bigger
booster to provide global anq/or orbital capability. The
objectives of Step IIA will be to explore the remainder
of the flight regime from 22,000 ft/sec to orbital

- 26 -
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velocities and gather data on reentry of the glider from
varlious orbits. In addition, military sub-system testing
will include the testing of multiple reconnaissance
sensors, rendezvous equipment, etc.; the feasibility of
various military missions can be confirmed during Step IIA.-

As stated earlier, the basic Step I, 10,000# glider
will be employed in Step IIA. In order to accompllsh
some of the military testing required and to provide some
maneuver capability in orbit, additional payload is .
desired. That payload will be carried in a "trailer"
attached to the glider and jettisoned prior to reentry.
The glider-trailer concept has great flexibility and will
allow a variety of payloads to be carried for different
test missions. It 1s currently estimated that the total
booster payload for Step ITA will be in the range of
10,000 to 15,000 1bs. glidsr included); the wing area
will remain at about 330 ft The booster will be fired.
eastward from Cape Canaveral during the R&D program.
Figure I shows the schedule for Step IIA; it is to be
noted that the decision to allocate funds for large scale
hardware development is not required until after the first
manned flight of Step I, and that one year is allowed
between the last flight of Step I, and the first global
flight in Step II. Step IIA is currently in the planning
‘stage; present estimates are that a B launch program,
over 21 months, provides a logical follow-on to Step I.

The schedule shown in Figure 1 assumes that the Dyna
Soar will utilize a booster from the National Booster
Program which is already in development and capable of
flying the DS glider. The decision lead times shown
allow for only reorda time on hardware parts.

Step IIB. =~ Step IIB is an interim weapons systems
application of Dyna Soar and is in the study stage. It
is to utilize most of the same hardware as Step IIA and
to provide a limited weapons system capability. 'Step IIB
is shown in Figure 1 as lagging Step IIA, from which it
must draw data. At the present time, no specific applica-
tions of Dyna Soar haxe been chosen but the three most
promising are .for reconnaissance, satellite inspection,
and earth-to-orbit transport.

The same "glider-trailer" concept of carrying
additional booster payload (as described above for Step
IIA) will be utilized in Step IIB. Though the same basic
glider (330 ft2 and 10,000#) will be employed, it is
natural to expect a more serious rearrangement of equip-
ment between the glider and trailler than for the test

-
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system IIA. In most cases, the glider will be capable
of approximately a 1l2-hour mission, if desired.

The payload requirement for Dyna Soar Step II
vehicles is estimated at 15,000 to 20,000 1lbs. (330 ft2)
in a polar orbit at approximately 70—150 n. mi. The
additional payload required for the weapons system over
the test system is largely required for increased maneu-
verability in orbit in the case of the satellite
inspector, and partially so in the case of the recon-
naissance and earth-to-orbit transport. The best
method of providing that maneuverability is still under
study; however, from the booster stanpoint, the use of
the last stage tankage and/or engines, or portions thereof,
is attractive.

The desired launch requirements for Step IIB are the
following:

i. Polar orbit.
ii. As close to 360° launch freedom as
possible (Inspector).
iii.. Operate from a soft site on a peactime basis.
iv. Launch approximately 1 flight/wk.
V. Provide the most economical boost capability
consistent with previous requirements.

Step III. - The objective of Step III is to
prov1de a Tully qualified weapon systems based on Dyna
Soar technology. Step III is in the study stage at this
time. 4

The tentative launch requirements for a Step III
weapon system are 360° azimuth launch, 90° inclination
orbits, no booster fallout on the continental USA, soft
launch site, and sustained launch rate. The aforemen-
tioned general requirements for a booster for Step III
weapors system (together with the current estimation of
the availability date for the weapons system (see .,
Figure 1) favor a more sophisticated Recoverable Booster
Support System (RBSS)). Although continuing studies will
conslider all applicable boosters in the National Booster
Program, it is currently felt that Dyna Soar Step III
weapons systems may not be adaptable to Saturn-type

boosters.

The Effect on Saturn Boosters

1. General Comment
As stated previously, the possible applications
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to Dyna Soar are to be found in Step IIA and Step IIB.

It should be specifically understood that the USAF has

made no decisions relative to the use of Saturn,or parts
thereof, relative to other boosters for Step IIA and IIB.

As a part of the USAF Step IIA study, a booster study and
detalled evaluation will be undertaken and will consider
performance, economy, availability, program interference,
etc.; the study and evaluation will be completed in approxim-
ately July 1960, - '

2. Effect of Dyna Soar Step II Characteristics
on Saturn.

a. Payload Capability. - The 330 rt2 wing on the
glider requires a stronger structure to offset the
increased bending moment about the booster/glider center
of gravity; available data indicate that the 3-stage
120" Saturn is capable of flying a 250 fte glider; this
capability is not adequate for DS. If the Centaur stage
is removed, then the reduced moment allows a 2-stage
Saturn_to fly gliders at substantially greater than
250 £t2 wing area. Presuming this to be adequate for
Dyna Soar, the 2-stage Saturns could be employed for -
Step IIA only.

Even though adequate for Step IIA, the desirability
of utilizing the same booster for Steps IIA and IIB and
the desirability of using a portion of a high energy
third stage to provide maneuverability in orbit tend to
preclude the choice of 120@ upper stages.

The Saturn configuration with 160”/120" upper
stages have adequate payload capability, and 200" upper
stages have more than adequate payload capability.

b. Use of Upper Stages Alone. - Since the upper
stages of Saturn are capable of boosting certain Dyna
Soar configurations 83 first and second stages alone,
without the 1.5 x 10 booster, serious consideration
must be accorded this possibility.

The 120" stages are adequate for DS Step I.

The 160" stages are adequate for Step IIA and for
limited application in Step IIB. It is mandatory,
however, to develop a 160" hydrogen-oxygen stage as a
second stage (third stage on Saturn); that stage should
have approximately 80,000 thrust and about 70,000# of
propellant. With the development of a 150,000 Lox-Hp
engine and a new 160" stage, (substituted for the
80,000 stage), it is estimated that the 160" 2-stage
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booster with four engines would be fully adequate for
Step IIB. It is fully recognized that the usual
Saturn upper stages, ground launched, would require

a major development program. To balance that cost,
however, is the . .high cost of flying hardware if a
program of one launch/week (Step IIB) is prosecuted.

It is not known where the break-even point lies;
current studies will provide the answer by July 1960.
Many of the same arguments used relative to the 160"
dia. stages are applicable to the 220" stages.

However, less modifications are required on the 220"
version. In general, the 200" stages will be ade-
quate for both Steps IIA and ITB. Because of the
larger diameter and the combined ability to hold hydro-
gen better and resist bending moments, the 220" 2-stage
booster should show even greater advantage over the
160" 2-stage booster if 150,000 were installed in

Stage ITI. Answers to break-even points on cost must
await completion of the study mentioned above. The use
of 220" stages would, however, occasion additional
costs due to logistics and facilities problems not

so serious in.the 160" version.

3. Reliability and Safety.

, The Saturn configurations would have to have the
rocket engines man-rated prior to use in Dyna Soar. Man-
rating is still somewhat vague, but involves malfunction
analysis, testing at engine limits, malfunction detection
equipment test, etc. The number of flights required prior
to manned flight cannot be estimated now.

The winged glider "up front" induces a much higher
destabilizing moment than normally occurs with conventional
payloads. These destabilizing moments can be offset by the
control authority of the rocket engines through artificial
stability loops. Should an engine failure or control system
failure occur, however, little time is avallable to escape.
It is a requirement of a Dyna Soar booster to be equipped
with static fins such that the booster glider is statically
stable, affording a much higher safety margin in the event
of failure.

Regardless of the presence of fins, during the
staging operation (first and second stage) there will be a
short period of time between firgt stage separation and
effective thrust control of the Stage II engine. It is
desired that the time of no control be minimized to reduce
the divergence between the glider and the upper stages to a
minimum. Specific consideration should be given tc¢ the staging
problem with a winged glider on various Saturn configurations.

- 30 -
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4, Growth Potential.

The 120“ version has no great potential for
Dyna Soar. '

The 160" upper stages could grow by developing
a 160" hydrogen-oxygen stage and replacing the 120" lengthened
Centaur with it. The added diameter provides for higher
stiffness, -shorter moment arm to c.g., and larger hydrogen .
capacity. - :

The growth potential of the 220" version of
Saturn is large; however, the necessity for that growth
potential in Dyna Soar is questionable.

5. Schedules ,

/ Figure .1 presents the schedules of Dyna Soar Step I,
ITI, and III. The Step ITIA schedule calls for first flight in
third quarter of 1964, Jjust when the Saturn is finishing its
10-flight R&D program. Additional testing beyond the 10~ -
flight R&D program would probably slip the Dyna Soar Global
flight date to some degree. 1In general, there is a compata-
bility between the Saturn and Dyna Soar schedules. '

- 31 -



SR R—

DYNA SOAR SCHEDULES
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